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Vok.inteers and to siihax its nBterial on "izrbrmiate technolot#' with 
other partici~~ts in the intmtional develo~t c3hmmndty. Success- 
fti intexmediate +zch.nologies designed for use in developing comtries 
utilize low cost, loca29y available resources and provide new methcds 
tad approaches that axe relevant to the n& sf the users. IEach TIepriMp 
cxxxentrating on a specific topic, is ixrkmded to mntribute to PCVs' abil- 
ity ti respond mzatively to challmges Fn the field. By design, many 
of the volmes chosen for reprinting raise questions. The purpose of 
this approach is -fold: first, working with these mterials, PC& 
wifl raise &ditional questiar~ that are crucial to understanding appro- 
prciS+~ appoaches 
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to laxger ~mb.Lems of "int~ate technology". 
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as crucial ti t&e Peace Corps as are cultural sensitivity md the transfer 
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In the tropical and subtrq3icaP are85 of tne worI.,-l;, fo.32 
grains make up t!:c bull; of the diet for most people. FOOZ 
grains together wath fiber and 
cipal cash producers. 

qecialty crops rare aiso prLn2 
ft is with these ccm.modities that this 

Guide for Field Crcps in the Troscs and Subtx~pIcs concerns 
itself. The Guide deals with general sit-uations; Tocal 
applications are beyond th2 range of this moderate-size 
volume ) but the basic: information presented will permit area- 
by-area adaptations. 

T'ne Guide is designed for use by foreign assistance 
Fez-sonnel and cooperators. 
r. :2 e 

It is specifically directed to 
7rograms of the U.S. Agency for International Development 

(l-IS&J@ MissicJrs Lb- i working with country governments. The fexc 
is wcitter; in layman's language because it is not only the 
D,;fL -~ci.aLists in these crops ~7l-10 are ca',Icd upon for informa- 
rise, abolit them. 
specialists 

Questions c0me also to nonspecialists and 
in other fields such as national leaders and 

advisers, members of the Peace Corps and of international 
('O;*,~:~i?F?le*~ , i mis5iGnar%es, teachers, research workers and 
stLdents. Lnformation on the subject m&y be found in scLer,- 
.tiEic literature, texebooks and other documents, but finding 
a comgLE6tian of current infaznation in ready rEderen,@fZ form 
is rare. 

This concise. 
The first four 

up-to-date Guide is composed of 40 chapters. 
are general introductory chapters, and treat 

rather extensiveiy the important subjects of climate, soil, 
cropping, and 
subtropics. 

farming systems as related to the tropics and 
The other 36 chapters are divided as foliows: 

6 cm cereal. crops, 9 on food legumes, 6 on oil crops, 7 on 
root or tuber crops and bananas, 
2 on other cash crops. 

6 on major fiber crops and 
These chapters do not attempt to deal 

with the factors of providing inputs such as national supplies 
of fertilizer, insecticides and fungicides. 

The very impdsrtant subjects of credit and marketing are 
not covered and, at the most, only brief mention is made of 
thle ultimate utilization of the crops. This Guide covers cnPy 
the physical and biological aspects of production with the 
intent of providing a sound base for the application of the 
economic and social factors that are need!2d for healthy 
agricultural. development. , 

& I -z.A LL-W 
Leon F. Hesser 
Acting Director 
Office of Agriculture 
>ureau for Technical Assistance 
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This Field Guide is sffemsd 88 $3 @ortvenieat 
achieving more efficient production of selected c 
less devdoped c0ui~ri.e~ of the tropics and subtrop?f~s. 
32 is speciftcslly orfewted toward the sma?.S farm 
than toward plantatisn agriculture * Thid LB partly because 
it is the small farmers in the aggregare that will. rsl2t%nue 
to prclduce rnc2&s", w -5 the %QOdS for total. @onslmptiGn En each 
nation * by =kmth rural and urban sectors, Also, the rurel 
pOpulations 0% ehese countries account for 50 to 90% of 
the tota?, natioezsl pogufation, and it is Ampticratfve ttu3t 

there be a significant increase in rural income, and in 

en, ' 3 distribution 0% that income. E%%icient product%on o% 
foad crops and 0% crops for cash sales are a prime method 
far advancing t"he rural econcxny and the quality of rural 
livinga This is not to belittle the goals of industrfaliza- 
ticm and ether means of developing natural resources for 
na,irior,al advancement * Rather, rural development in balance 
witil urban growth, icdustrialization and commerce, appears 
to be a basic requir~ent %or each nation's advancement. 
A major me,;hod %or creating better o portunities for the 
great.numbeLs of smakl farmers and t K eir families is by 
producing crops more efficiently to meet family food needs 
and to provide cash crops for meeting other family needs. 

Meeting Food Needs 

Xow important is it to developing nations that they 
meet growing Food needs; and what role does the small farmer 
fill in total food production? 

World population is growing at the rate of 2.6% yearly, 
and by 1985 it is estimated that total population increase 
will amoilnt to 2 biTlion people, It is predicted that 2/3 
of that increase wi'kh occur in less developed nations located 
in the tropics and subtropics, It has been estimated by 
IU.0 that world food production must increase by at least 
SGfr% by P985 (above 1965) to avoid the specter of recurring 
widespread famines. Obvisusly, in each tropical and subtro- 
pical nation increased food production must e ual PoPulation 
growth to prevent a worsening of the present ood situation; 9 
and a still larger increase is needed to alleviate Present 
aress o% distress in the available amounts of food, and to 
produce diets that are much better balanced in proteins, 
minerals and vitamins. Further, substantial Increases 

11 Edited by C.A Breicenbdch. Re ional Rural Development Officer, 
Latin American Bureau. Agency I or International Development, 
Wz.hingtcin. 3. C. 20523 



i.2 crop production are needed to provide surpluses that will - 't ttre small farmer to eneer the cash sccnomy, to make 
~~~~~ble his acquisition 0% better cM.Aino housing, sani- 
tation and medical services, education Rndb~ommunications. 

The outlook is not gloomy, The ~~uccesses wfth " 
rice emanating from the International Rice Research Pnscitute 
(I%?~) in the Bhilippfnes, and "Mexican" wheat from the 
International Center for Wheat and Maize Improvement (CIMMYT) 
in Mexico, clearly demonstrate that great advances are possible. 
Improved production of these two crops in a relatively few 
large natioms has meant that food production has more than 
kept pace with food needs in those countries, thus reversing 
a Ion,< struggle. The extension of the basic lessons learned 
with rice and wheat, to the other major food crops, and to 
other crops grown in rotations for cash sages, could trans- 
form the economic status of the developing nation8 and the 
welfare 0% their rural populations. 

Improved Nutrition 

Special attention must be given to the problem of pro- 
tein malnutrition that is widespread in the tropics and sub- 
tropics. Malnutrition resulting from a deficiency in tosal 
calories is tSe most obvious problem in any region; but protein 
malnutrition is even more serious and more difficult to combat 
than simple hunger. Protein malnutrition is most serious 
with weaned infants, pregnant women and nursing mothers and 
younger school age children. Deprivation may affect develop- 
ment of the central nervous system as well as body size, 
creating generations of a weakened people. 

Total protein is in even shorter supply in the tropics 
and subtropics than energy %oods, and much less has been 
done in providing more protein foods. The outlook for real 
advances in the production of animal proteins (meat, milk, 
eggs, fish) to correrzt current deficiencies in total protein 
SUPP lY # and to keep pace with growing populations, is not 
encouraging. Much of the increased protein to balance human 
diets must come from Grotein rich crops, including eight 
major %ood grain legumes, (beans, peas, chickpeas, lentils, 
mungbeans, pigeon peas, broad beans, cowpeas) groundnuts, 
and soybeans and the oil seed crops -- cottonseed, sesame, 
sunflowers, and safflower. These are tropical and subtropical 
crops, and they could well serve as profitable cash CPOPS, 
as well as sources of dietary proteins. All of these crops 
can be made much more productive than at present; they store 
well and can serve as staple foods for urban people to a 
much greater extent than they now do. Chapters are provided 
on each of these crops, 
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ConsidsrabPe pTq$:‘il”bss kii3S bZ@n IXZde Ii-2 ti;lie ge%,etibC iSI?- 
provefnem~ of the nLitrieiawa1 value sf crops since the 3is- 
emw!ry in 1954 by Pardue University seiemtfsts chat the 
opaque- 2 gene 
conteRt of 

in maize not &mly ml;tsriaS;ly fnereases the 
the tw@r amho acids, lysi.ae and tryptsphan, but 

it greatly Pncreaaes the nutrieional value ova?r that of 
normal. maize 9 opaque-*2 grain fQf example fed to monogastric 
animals resuPts in weig t gains several times that obtained 
with normal maize. Tcday maize breeding researchers through- 
CJut rlr,e wcsrld are supporting pmgrams tc develsp opaque-2 
hybride 6-r varieties as its nutritive value has been demon- 
strated to be equally superior for hLslxKm3, More recently 
two Ethiopiam lines of aarghum were found at Purdue which 
exhibit tP me same superfor bio'iogical feeding value as that 
of opaque-2 msize, 
nurritfonally-1 

Not only are these lines high in the 
hitfng amino acid 

nigher in pr6itein as 
Pysine but they are much 

well as l.ow in eamin, a factor which 
has been found co be respcmsfble far reduced protein digest- 
ibility in the sorghum grain. In the case of wheat, Nebraska 

l.hiw.rsity is regularly incorporating the "Atla8" gene for 
increased protein (about 25%) into their best commercial 
tv ,pes, Further improvement in protein content with no pro- 
portionate fess in lysines is expected from new derivatives 
from other genetic sources used as parents, Similar improve- 
ments in protein eontent of rice varieties have been obtained 
at XRN in the Philippines as have been obtained with wheat. 
At the 'Jniversity of ‘SElinois, they have discovered that 
the industrial soybean can be prepared at the home or village 
Pevel, resulting in a product essentially equal in consistency 
and accepts;~e to that of the bean and at least twice as 
nutritious, The developmen t 05 a man-made crop called triti- 
tale fn Mexico by an international team of scientists at 
C lIWYT from 
for 

a cross of wheat with rye also offers promise 
hisp~CWiX.l~ the nutritional value of the resulting grain 

over that obtainable from wheat by having higher protein 
and lysine content. With barley, high lysine lines have 
been isd.ated by European scientists and these are now being 
employed by leading scientists to improve the nutritional 
value cf commercial tmes all over the world. 

Utilizaticm of Natural Resources 

The agriculture of every nation is based on its land 
and soil resources, its climate, and the natural vegetation 
which serves as an index of agricultural. productivity, as 
we11 as on the skills of its rural. people in using these 
resources for protiuction of crops and livestock. Crop pro- 
duction offers great versatility that can be exploited by 
choosing crop types adapted to the various climatic regions 
and soil types, and imvokfng those management practices that 



give the greatest returns for the inputs and the labor that 
are applied, Crop production must fiBI an appropriate refe 
in use of natural. resources, in conjunction with animal grf- 
culture, forestry, and wildlife and game. Wherever crop 
production provides the best utilization of soi1 and ckim 
resources, of the. vaxY.ouns alternative uses, it should recsi~e 
the full applicaiion of modern science and technoPogy to 
make the selected craps as protiuctive as feasible, To make 
wise choices, it is desirable to know for each crop, its 
natural adaptations, its present uses and potential. yielding 
power) the characteristici a% the plant, and possible improved 
varieties and cultural practices to achieve greater efficiency 
of production, 

In each of fhe 36 chapters on specific crops,-attention 
is given to the conditions of climate and asiP ne=&ded for 
successful production sf each crop and the cultural practices 
that will best utilize these natural resources. This infor- 
mation is intended to aid in evaluating ,the potential value 
of alternative crops to fit the conditions in specific regions, 
and to guide the selection of crop species with the greatest 
promise. This information also should be useful in plannfrig 
crop rotations, and the choice ef crops that fit a chosen 
farming system for inclu sfC;n in each years operations. General 
information on the individual crops may serve in the planning 
of farming systems that more adequately utilize modern agri- 
cultural science and technology. 

Serving the Small Farmer 

In undertaking to indicate how new technology will im- 
prove the efficiency of crop production, emphasis is pla;zd 
on the methods that are feasible for the small farmer. 
be most useful, practicers should be labor intensive rather 
than capital intensive, whenever economicaEly practicable, 
so as to provide greater employment of rural populations. 
The intent is to aid each man in becoming more productive, 
by making more certain thzlt his efforts result in higher 
yields for the time applied to each crop. This objective 
is wholly ecmpatibie with higher crop yields per hectare, 
and with greater returns for every unit of fertilizer or 
other inputs used in production. 

Application of Technology to Local Farming 

It is recognized that the generalized treatments of 
crop production offered in each chapter, do not inc:;d;smuch 
detailed information needed. for specific regions. 
hoped that this field guide may serve primarily as a framework, 
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which may be expanded by extension speciafi te wP%hin 
country, to provide the detailed recomenda iQn$ far Q 
cation of new technology by localP farmerrs. 

Moving= 

Recognition should be given to the need for supplemental 
effort by governments and businesses, to support the flow 
of inputs to the growers, and to improve the entir 
of marketing, from the point of delivery of crops 
grower, to purchase by the ultimate consumer, or to the ex- 
port centers. Increased volume of production and more efficient 
harvest will not by themseives produce benefits to either 
the growers or to the national economy, unless parallel im- 
provements are made in collecting, storing, processing, dis- 
tributing, and retailing of the crops grown. The grower 
should be recognized a a cooperator in development of the 
national. economy, iven equal recognition and protection 
with processors an keters by the government as it seeks 
to improve agricultural productivity and efficiency. Unless 
early attention is given to the entire marketing process, 
improved crop production may have little value to either 
the indfvtdual grower or to the nation,, 

I. 
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CHAPTER 2 

THE TROPICAL %NVIRON+?IENT FOR L/ 
PROCU~QN 

The need to increase crop production for growing popu- 
lations, involves either expanding the land areas used for 
cropping, or improving the productivity of present farmland. 
Both will be necessary, and the successes achieved will 
depend on an understanding of what is feasible with present- 
day technology. 

The basic environmental factors that determine land 
capability are land forms, soil conditions, and the climatic 
pattern of temperature and rainfall. The native vegetation 
zones are a convenient index of the potential of regions 
for specific uses, since these zones are the product of land, 
soil and ciimate. However, crop production is feasible in 
nearly all environmental combinations, either by choice of 
crops that are adapted, or by modifica:.ion of the present 
limiting factors of the environment, such as use of ferti- 
lizers to correct deficiencies in soil fertility, adapting 
farming systems to conserve rainfall, irrigation in dry re- 
gions and seasons, adjusting the cropping season to the 
predicted length of the "rGiny" season, etc. 

Tha np-ecenf ---- i-" ---L-G prgdrrr,ti,gn- cf crops has changed greatly 
from tie pattern that prevailed 100 years ago, or 50, or 
even 25 years ago. The changes have been greatest in those 
regions where the most agricultural research has been done, 
and where the fruits of such research have been applied in 
improved technology. The most obvious changes have been 
the introduction of "new" crops into various tropical regions, 
such as the wider use made of bananas, potatoes, and maize, 
to name but a few. However, the very recent development 
of improved techmology such as that created for "Miracle" 
rice, and "Mexican" type wheats, has been a powerful stimu- 
lant to all countries where these particular innovations 
are adopted: These examples may become the forerunners of 
great advances in the whole range of crops. These advances 
may involve (1) a more complete understanding of each crop 
and its adaptation to the regional environment, (2) the 
essential research on plant breeding, pest control, modifi- 
cation of cultural practices including time of planting and 
use of fertilizers, and harvesting practices and (3) asso- 
ciated programs of pricing and marketing. All of the basic 
factors that produced the "green revolution" with rice and 
wheat, should be studied for other food cro:q and the asso- 
ciated cash crops that fit into farming systems. This chapter 
outlines the general aspects of tropical and subtropical 
L’ Edited by C.A. Breitenbech, Re 

Latin American Bureau, Agency f 
lone1 Ruts1 Development Officer, 
or 

Washington. D. C. 20523 
Tnternotional Development, 



(Discussion of figure la, "Duration of Arid 

Seasons," cfmtinues on page 12.) 



- 7 - 

environments that J2 x .a~= direct application to crop production 
and suggests matters that affect individual eropi. 

The climates of the tropics and subtropics are shown 
in figure 1, 
in figure la. 

and the duration of the arid seasons is shown 
The basic factors that characterize these 

zones are the temperatures resulting from their geographic 
postition in the tropical latitudes or adjoining latitudes; 
and the modification of temperaturk caused by land forms 
particularly altitude, since higher altitudes generally rk- 
duce ground temperatures, and increase rainfall in the di- 
rection of air mass movement (winds). 

The Climates of the Tropics and Subtropics(lj are classifie 
as follows (figure 1); 

A. Climate of the tropics 

;: 9 
Tropical rainy climates. 
Tropical humid summer climates. 

V. 2a. Tropical humid summer climates, with humid 
winters. 

v. 3. 
v. 4. 

Wet-dry tropical climates. 
Tropical dry climates. 

V. 4a. Trogkal dry climates, with humid winters. 
v. 5. Trspical semidesert and desert climates. 

B. Climates of subtropical and warm temperate zones. 

IV. 1. Dry summer - humid winter, Mediterranean 
zones. 

IV. 2. 
IV. 3, 

Dry summer steppe* climate, with humid wintt 

IV. 4. 
Steppe* climate with short summer humidity. 

IV. 5. 
Dry winter climates, with long summer humidi 

IV. 6. 
Semidesert and desert climates. 

IV. 7. 
Permanently humid grassland climate. 
Permanently humid climates with hot summers 

The duration of the arid seasons in the tropics 
sented in figure la, as follows: (*I is pre- 

(1) From "Seasonal Climates of the Earth" by C. Troll and 
K. H. Paffen, 1966. Pub. by Springer-Verlag. 

*Note: Steppe Climates include subhumid zones (savannas) ( 
and semiarid zones (sahelian regions). I 

(2) Map by David R. Harris, Pub. in American Scientist. I 
1 Mar. - April 1972. I 
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1. Humid Tropics - dry less than 2% months. 
2. Intermediate Tropics 

ba: 
Wet-dry tropics - dry 2% to 5 months. 
Tropical savannas - dry 5 to 7% months. 

3. .Dry Tropics 
a. TropicaH. sahsPiam and semidesttrt zones - dry 

7% to 10 months. 
b. Tropical deserts - dry 10 to 12 months. 

It is clear that the duration of the dry season is para- 
mount in crop production, since plant growth takes place for 
the most part in the more humid season. The growin season 
may be extended on deeper soils of superior rainfal f storage 
properties) to the extent that soil management exploits this 
potential. 

It is useful for each developing country to identify 
fni locatfon with respect to clbimate zone3 for two reasons; 
(1) the cl~imatic characteristics and their significance to 
crop production is thereby recognized, and (2) other world 
regisns in similar climatic zones may' be sources of fnfor- 
mation on improved technology or superior varieties of im- 
portant crop species, for local use. 

Since chimatic zones are the products of land forms 
and altitude, end 05 rainfaP1 pattezrns that are determined 
by prevailing winds in season, as wjell as altitude, it is 
useful to examine figure 2 -- the map of general land forms, 
and figure 3 -- average annual precipitation. 

k3A&%.XlS ) r’fgU~E2 2 I are conveniently classed as: 

1. 
2. 

3. 

4. 

PBaLns; with surface re%%cf less than 170 meters. 
s; with substantial altitudes, but with mo- 

aerateky flat upland surf'sces dissected by stream 
valleys. 
#ill Land; with local relief of 170 to 600 meters, 
that are so dissected through stream erosion (over 
geologic time) that few flat uplands occur. 
Moumtains; more rugged than hills, and their topo- 
graphic features are more complicated in pattern, 
usually with relief greater than 600 meters, gene- 
rally steep slopes and narrow valleys. 

The use of these land forms for. crop production is di- 
rectly related to the surface slopes of the individual land 
areas. The plains have the greatest percentage of land with 
slopes flat enough to permit maximum absorption and storage 
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of rainfall in the sail profile, and the Eeast hazards of 
soil erosion losses. The plateaus are reduced in crop use- 
fulness by the steeper sfopcs at fie marg%ns of stream vit%%eys. 
Hill Pand usually ha s a high percent ge of lands that are 
too steep to tuft vate for crops, except as they are terraced. 
It is best occupi ermanently by perennia% forages and 
natural grazing lands, or by forests. Mountain ar0as are 
non-tillable except for the level Pandsmng streams 
in the bottoms of the relatively narrow stream valleys. 
Much of this land is the alluvia% pfain, subject to periodic 
flooding. 

herap Annual Rainfa%% 

The amount 0f total rainfa%% is shawh in fi 
The dominant effect of rainfall on c%imate may be noted by 
camparing figures % and 3. However, land fomns have a dis- 
tinct effect on rainfall, through the effect of altitude, 
and by the effect of mountains 
the mweaent of air masses, 

in serving as obstacks to 
which are laden with moisture 

when moving from water over land masses, and deprived of 
moisture when moving from iand masses out to the oceans. 

The wot%d map of rainfa%% patterns is shown in figure 
3. A convenient patfzern of rainfafl zones is as follows: 

Over 20QO m annually - rain forest 
1000 to 2000 mm ?I - humid tropics 

500 to %OOO mm II - savanna and steppe 
2fTO to 500 mm 11 - semidesert 

Below 250 mm II - desert 

Areas with over 2000 *mm of rainfall, well distributed 
throughout the year are we%% suited to production of tropical 
forest growth and to perennial crops such as rubber trees. 
However, some anntraP crops such as rice, taro, bananas and 
yams are grown successfully. The humi.d tropics, 1000 - 2000 
mm total rainfall, have the greatest usefulness for crop 
production. Most of the cereal grains, the food grain legumes, 
the oi% seed crops, the root and tuber crops, and certain 
fiber crops are grown successfully in this zone, particularly 
with adjustments to the length of the dry season. The dry 
season length differs with geographic location, and may be 
as short as two months or as long as five months. 

The - 500 to %OOO mm annual rainfall, are 
generally in rains for crop production, but man 
succeeds in producing the more drought tolerant crop species 
by utilizing the comparatively short rainy season; and by 
farming only th ,e deeper permeable soils that can store con- 
siderable rain for subsequent use by crop plant roots. Crop 
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production must emphasize maximum rainfall retention for 
crop use, and it is in this regard that modern technollogy 
can contribute much to crop production. The 
genera%%y average 500 to 750 mm, and are a%mo lands 

ly oc- 
cupied by low growing vegetation usefu% for grazing Pive- 
F-itock. Dry seasons may vary from 7.5 to Xl months, 

Savanna 'Lands may average 750 to %2%0 mm of rainfall 
and are occupied by grasses and low growing shrubby growth. 
Savannas are primarily grazing lands, and only sefected 
areas of better soils (together with alluvia% soils along 
the streams) are successfu%%y cropped. The dry season for 
savannas extends from 5 to 7 months, but the occurrence 
of rains is quite variable. 

Semidesert areas with fess than 500 mm rainfall con- 
ta:*n extensive type grazing Pands, nst suited for cropping 
excepC as irrigation waters become avai%ab%e. The occurrence 
of ra+ns is high%y erratic, and there is no rainy season. 

Monsoon Climates 

tion, 
The monsoons have a strong inffuence on crop produc- 

because of the effec% they have on the occurrence of 
the rainy seaSon. They cm be predicted to some extent, 
even though the basic causes of monsoon are poorly under- 
stood. The name "monsoon" is Arabic, and was original%y 
applied to zhe seasonal winds of the Arabian (Persian) 
sea that blow about 6 months each year from the northeast, 
and six months from the southwest. The winds are caused by 
differences of annua% temperature trends over land and ocean. 
Temperature changes are large over land, small over oceans. 
The monsoon brows from cooher to warmer regions; from sea 
toward Pand 3.n summer, and from Band toward the sea in winter. 
Atmospheric pressure is re:Lative%y high in cooler regions 
and lower in warm regions, permitting air movement to take 
p%ace.. 

The monsoon type of air movement by seasons occurs 
throughout the tropics, and is perhaps better known in the 
Indian subcontinent than e%sewhere. However, monsoon winds 
blowing from oceans toward and across land masses of Africa 
and South America are important factors in producing the 
rainy season of those tropical climates; and the reverse 
f%ow of air masses from %and toward the ocean causes the 
dry seasons. The periodicity of rainfall in the tropics, 
is we%% established by rainfall records that are now avail- 
ab%e in virtua%ly a%% developing nations. 
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Mediterranean Climates are produced by a unique combina- 
tion of land lorms, latitude, and monsoonal winds. Rainfall 
characteristically occurs in the cool months, and the summers 
are relatively dry. In the Mediterranean basin, air masses 

flowing from the Atlantic bring rains in the winter period, 
thus producing a type of cropping based on crops suited to 
the cooler moist winter season. 

Natural Vegetation Zones 

Natural vegetation zones, figure 4, indicate the com- 
posite effects of temperature, rainfall, land forms and al- 
titude on vegetation. This information is useful to man, 
but should not be interpreted as an index of limitation 
but rather as indicators of factors that must be modifihd 
F;nm;n;rn technology, . to fully exploit crop production po- 

. 

The natural vegetation zones are as follows: 

Low latitude (tropical) forests 

Tropical rain forest 
Lighter tropical forest 
Scrub and thorn forest 

Middle latitude forest 

Mediterranean scrub forest (subtropical) 
Coniferous forest (north temperate zones) 
Broadleafed and mixed (temperate zones) 

Crasslands 

Savanna (tropical) 
Prairie (temperate zones) 
Steppe (tropical and temperate zones) 

Desert 

Desert shrub and desert waste (tropics and temperate 
zone) 

It may be noted that the only vegetation zones that 
occur in both tropical and temperate zones are the steppes 
and desert shrub. Even in these zones, the plant species 
of the tropical zones are quite different from those of the 
temperate zones. The vegetation zones of the tropics are 
unique, which means that the research and technology needed 
to utilize them to support man cannot be transferria- without 
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modification from the temperaee zones to the tropics. Much 
adaptive research will be needed, as well as original research 
on specific problems, to fully exploit the potential of the 
tropics. 

Major Soil Groups 

The major groups of soils of the tropics an subtropics 
are shown in figure 5. The map is deficient (because of 
its general nature) in not showing the extent and location 
of alluvial soils occurring along streams and in deltas. 
%hFIe these soils are much less extensive than upland soils, 
they are es~~~~---- -+4--i-cd ‘LB be prov'f_rii~g fcod and sth~:r support 
for 25% of the worWs population, They constitute a unique 
soi1 tgrpe, with some limiting characteristics of flooding 
an.3 drainage D but with hfgh crop producing potentials. 

are unique kn some respects, because 
of th d&ions under which they have developed. 
The effective management of tropical. soils must recognize 
the proper ~Fes of each distinctive soil group as well as 
the intensity and frequency of cropping and the types of 
cr5p S grown. (See table 3-P) 

Tropical soils are strongly influenced (1) by the cha- 
raster of the geologic materials from which they were derived, 
(2) by the soil forming processes, and (3) by the climatic 
conditions &at have prevailed in the recent geologic era. 
At the very least, it is necessary to distinguish between 
soils produced (a> by in-place weathering of parent material, 
(5) by placement of sediments ?hrough stream action on flood 
plains and terracesB or (c) in some regions by weathering 
c-.? vokanic materials. The egfect of climate on 8011 forma- 
eiog has been profound, and the weathering process is dif- 
ferent for the continuously wet climates, the tropical sa- 
vannas (mixed grass and short trees and brush), the steppes 
(primnrily grass), and for deserts. An Qortant variant 
of the tropics are the highlands, particularly above 5000 
ft. (1500 meters) elevation, where the climate is essentially 
temperate, even though placed in the tropics. The seeming 
c.ndless diversity of tropical soils can be resolved into 
reasonable patterns, 
climatic zones, 

by recognizing the interrelations of 
particularly the factors of temperature and 

precipitation, and of major soil groups that are responsible 
for native vegetation provinces. 

In the humid tropics with continuous high rainfall and 
temperature, a typical soil formation occurs, known as laterite. 
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Estimated Areas of Potentially Arable Soils 
in the Tropics and Subtropic8 

(Both Cultivated & Non-Cultivated)* 

reat Soil Groups of the 

Total 
Area 

Potemtially 
Arath SC&la 

Hectares, Hectares, 
Tropics & Subtropics Millions MQlion~- 

Dark Gray .& Black Clay soils 
(inclusions of Chernozems, 
Reddish chestnut soils, 6( 
hgdromorphic soils) 

Sierozems, Desert, and Red 
Desert Soils 
(inclusions of Lithos018, 
Regosols, and saline 6o.h) 

500 * 250 

2,798 
‘.. 

14 

Latosols, Red-Yellow Podzolic 
Soils 3,214 
~~Iusions of hydromorphic 
soils, Lithosols, and Regosols) I. 

1,382 

Red-Yellow Mediterranean 1 
(including Terra Rosaa) soils, 
mostly Mountainous (fncluding 
many areas of Rendzfna soils) 

112 17 

Soils of Mountains and Mountain 
2,465 15 

Alluvial Soils 590 (no estimate) 
(innumerable areas in all parts 
of the world included in map (Reported to su port 25% of 
units of other Great Soil world popu ation) 'i 
Groups) 

*'"Potentially Arable Soils of the World and Critical Measures 
for their Use", pp. 109470, by C.E. Kellogg and A.C. Orvedal, 
in "Advances in Agronomy" vol. 21. 1969, Pub. by Academic Press, 
New York.) 
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Laterites are leached to great depths in such chfm 
they are characterized by very high contents of ir 
aluminum oxides. Under certain conditions of ground-water, 
the baterites tend to become rock-hard upon drying, as hap- 
pens when the vegetative cover is removed. 
.of 

This hardening 
ex osed laterits makes it useful as a road buildin 

teria P but very difficult to use for crop production. HOW- 
ever, many forms of lateritic soil are quite productive when 
well managed,, Under conditions of lower rainfall, lateritic 
soils may vary from the typical red color to gray, brown 
or black. 

Most tropical soils are low in organic matter, since 
much of the lush plant growth is at or above the soil sur- 
face a Tropical soils generally respond well to animal manures 
and green (plant) organic matter, but organic matter is short- 
lived because of high temperature and moisture which acce- 
lerates complete decomposition. Insufficient attention has 
been given to continuing addition of green manures and of 
perennial forage crops as a basic requirement for continuously 
productive soils in tropical regions. In other respects, 
the successful management of tropical soils may follow prin- 
ciples first established in temperate zones. When essential 
mineral elements are deficient, they may be added a8 ferti- 
lizers or soil amendment&. The same is true for minor (trace) 
elements. 

When soils are impervious to rainfall, or have impeded 
downward percolation, the structure must be improved by me- 
chanical treatslent, or by occupation b plant types that 
root deeply and thereby improve permea i: ility. When eoiis 
are poorly drained, manmade drainage systems may be installed, 
or they may be converted to wet-land rice paddiee, as has 
been done in many areas of East and South *Asia. For desert 
soils, the treatment is irrigation, to the extent that irri- 
gation water is economically available. 

The basic philosophy is that man either adjust8 agri- 
cultural practices to the inherent capabilities of soils 
as they occur, or he identifies those limiting factors that 
can be altered by application of modern technology, and 
exploits those opportunities that are economically feasible. 
The farmer may not change the climate, but he undertake8 
to manage the soil for greater productivity, just as he ma- 
nages his crops or his livestock to get greater return8 for 
his efforts, While the knowledge of tropical soil management 
is still in its infancy, as compared to temperate zone soil 
management, there are many instances where tropical crops 
have been tripled in yield by a judicious combination of 
soil and crop management. The most important part of crop 



management is the choice of crop8 and varieties of those 
specie8 that are well suited to the aofk~ and cfimatic con- 
ditions where they are to be rown. When crops are adapted 
to their growing condition8 t e ben&ftB of good agronomic 
practice8 car8 greatly increase the&~ yfrlds, 



CHAPTER 3 

FARMING SYSTEMS FOR THE TRBPICS !L/' 

Subsequent chapters (5 through 40) of this Field Guide, 
deal with 36 different food crops and selected cash crops 
that are suited for production by farmers on small land 
holdings. Suggestions are made in each chapter on how to 
increase productivity 
the environment, 

through choices of crops suited to 
improved varieties, 

of modern technology, 
and the application 

materials. However p 
modified practices and more useful. 

the methods for increasing productivity 
of individual crops will most likely be rewarding if the 
crops and practices are significant parts of farming systems 
that have longer range value than the current season. 

Specific crops can best be utilized as component parts 
of 8 farming system, 
being followed., 

only if some comprehensive plan is 
The individual farmer is unlikely to act 

on suggested change unless it can be made clear that there 
will be greater protection against crop failures, that the 
proposals are within hPs capability (present and future), 
that he can expect greater yields as well as surpluses above 
family needs that can be sold for cash, and that he can ex- 
pect betterment from year to year. 

In Chapter lB 
tion growth, 

it was noted that the continuing popula- 

tropics, 
averaging 2.6% yearly for the tropics 'and sub- 

makes it imperative that totaLfood production 
be steadily improved, The objective of improving rural life 
requires even further increases beyond those that merely 
keep pace with population growth, and should include both 
food and cash crops. For probable success in meeting national 
goals, it appears necessary to involve a high percentage 
of the farmers on small land holdings, since they occupy 
most of the available agricultural lands. There are several 
lines of effort that may be invoked; and some planning at 
government levels should be useful in developing farming 
systems that will improve ,the status of farmers and also 
serve national development needs. 

Many soils have become exhausted by overcropping. 
Bringing in new lands into production will not solve the 
problem. What is needed is to find a means for maintaining 

1/ Edited by C.A. Breitenbach, Re 
Latin American Bureau. 
Ueshington. D. C. 20523 

Agency f 
ional Rural Development Officer, 
or International Development, 
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lands newly brought into production at a suatafned "level 
of production if food shortages are to be overcome. 

Continuously productive farming systems generally have 
not yet been achieved for annual crops in the tropics and 
subtropics, but they appear within reach by more Intensive 
studies and the full application of modern technology. The 
ultimate systems surely will be adjusted to the specific 
ecological zones such as continuously wet tropics, humid 
with short dry season, humid with Pon;3er dry season, and 
subhumid with prolonged dry seasons, %lWi3Ui?~ p there are 
some general features that should be recognized for all. sys- 
tems, particularly the kind of soil being farmed, which 
greatly modifies the influence of climtite. Soil type may 
limit the choice of crops, even though some soil deficien- 
cies (fertility, drainage, etc.) may be corrected. 

Shifting Famaing Systems 

In many humid zones, shifting farming systems are cha- 
racteristic, in which clearing and burning of native trees 
and perennial growth is foilowed by a few years of cropping, 
and then "resting" for an extended period during which native 
vegetation reoccup3es the land, The question is how to 
make such lands eontinuousl productive 

e year by se~e~f?c~o:);fs ~%~tion increase total crop 
must be focused on the reasons why the periodic reversion 
of land to native vegetation restores its productivity. 
Accumulating evidence indicates that productivity is asso- 
ciated with soil organic matter, and that the decaying roots 
of the native vegetation are providing nutrient5 to the crops 
grown on such lands, until this organic matter is largely 
exhausted, The roots of native vegetation also improve the 
permeability of the soil to rainfall and reduce soil erosion 
losses, for as long as these decaying roots are present. 
There is a possibility that the functions of the slow restora- 
tion of soil productivity by native vegetation, can be dupli- 
cated by man's management of soils without removing them 
from continued farming. 

The first step should be to extend the years of con- 
tinued crop production, by the adoption of technology for 
individual crops. Such technology is outlined in the 36 
chapters on the different crops. An important feature is 
the addition to soil organic matter by the return of crop 
residues to the soil, and by the use of manures and composts 
for producing crops, Adequate fertilization will certainly 
increase substantially the annual addition of crop roots 
to the total s(?il organic matter. The addition of "trace" 
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elements needed by crops in very small amounts (manganese, 
iron, copper, zinc, boron and molybdenum) may be important 
supplements to fertilizers on some soils. Soil. amendments 
to reduce soluble aluminum toxicity (by lime or gypsum), 
or to correct deficiencies in sulfur, calcium and magnesium, 
may be necessary. 

A second step when feasible may be to grow green manure 
crops to restore soil organic matter. 
regular crop, 

These may follow a 
or replace a year of crop production. The 

green manuKe crops may be utilized for feeding livestock, 
but the green manure sod should be plowed under, so that 
decaying roots and tops will add to fertility. Small farmers 
are usually not in a position to grow green manure crops. 
More appropriate would be for them to produce an economic 
crop as recen t- research has shown that with the use cf soil 
amendments most soils can be maintained in food production 
returning only crop residues to the soil. 

A third step is an extension of the second step, in 
which perennial forages (grasses and legumes) are grown 
on crop land for two or more yearso to make much greater 
and deeper root accupatfon, more nearly equaling the roots 
of native vegetation in supplying fresh organic matter. 
Appropriate fertilizatio*a of these forage crops will be 
needed for rapid root growth, The forage crops may serve 
as feed for livestock components (meat and milk) of farming 
systems, and thus provide both food and cash income; The 
subsequent productivity of such lands used in forage produc- 
tiow I must be determined in comparison with land cleared 
of native vegetation. The labor of clearing and burning 
would no longer be necessary by this method; and the loss 
of sulfur and nitrogen, as well as certain organic consti- 
tuents in the burned top growth of native vegetation, will 
not occur when forages replace native vegetation in long 
term farming systems. 

Systems for Regions of Limited Rainfall 

Modifications of the cropping system for humid tropics 
proposed in the foregoing paragraphs also may be made to 
adapt to less humid regions, including monsoon climates and 
savanna lands. The modifications will include using the. 
crop species best adapted to these drier climates, and using 
forages in the cropping sequence that are well adapted to 
the region. The most important changes would be those that 
make the most effective use of limited rainfall. These should 
include the following: 
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1. Conserving rainfall: 

t : 
Protect against runoff losses. 
Store rainfall in the soil profile. 

:: 
Protect against wind erosion. 
Terrace the sloping and erosive fields. 

2. More effective use of water stored in the soil: 

a. Select adapted crop species, and use im- 
provea. varieties of each crop. 

b. Crow deep rooted crop species and superior 
varieties of these. 

C, Correct any deficiencies in soil fertility, 
through fertilizers and soil amendments, 
to foster deeper rooting and greater yields. 

d. Use cultural practfces that enhance effective 
use of soil water -- early preparation 
of the seed bed, plant early on moist soil 
for prompt germination, use clean viable 
seed of improved varieties, plant crops 

'in rows running across slopes, controf 
weeds, combat pests as needed, and harvest 
promptly to avoid crop losses and deterioration. 

3. Inc'iude perennial forages (grasses and legumes) 
In the crop rotation: 

a, To restore organic matter to the soil through 
roots and stubble, and to improve soil 
permeability. 

b. Use forages for livestock feeds. 
c. Use forages between cro sequences for 

reducing inoculum and a undance !I of diseases, 
nematodes, and insects that prey on indivi- 
dual cultivated crops. 

Crop Mixtures versus Single Cropping 

A widespread practice in the tropics is to plant a 
mixture of several crops in the same field. The apparent 
reasons are to reduce possible losses, since the hazards 
that affect one crop are believed not likely to seriously 
affect the ethers. The crops in a mixture are usually planted 
in rows. Often, any vacant areas from an initial planting, 
are filled by later spot planting of other crops. 

\ 
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Some experimental evidence has been reported to support 
the benefits of such mixtures in obtaining optimum yields 
from a given area in a given season, Extensive hVeStigati.Ons 
in this area are being supported at the international centers 
of tropical agriculture in Colombia (CPAT) and Nigeria (IITA) 
with maize, beans, cowpeas, groundnuts as a base and at IRRI 
in the Philippines with rice, sorghum, soybeans and maize 
as the major crop varieties for intercropping. 

Since each nation is faced with the necessity of increasing 
total food (and cash) crop reduction by at least 2.6% every 
year to keep pace with popu ation growth, and each farmer ! 
must improve his own productivity to provide! for his family 
and enhance his living status, it will be necessary to make 
the most efficient use of land. Some changes appear inevi- 
table if increased productivity is to be achieved. The 
following factors need consideration: 

2‘ Which method permits the most effective application 
of the technology to the individual crop, such as; 

(l.0) 

(W 

Improved varieties. 
Effective seed bed preparation to suit each 
crop. 
Time of plan;:ing adjusted to season and rain- 
fall. 
Kind and amount of fertilizer, and fertilizer 
placement fGr specific crops. 
Method of planting suited to the species. 
Plantin in rows, across slo es, to reduce 
rainfal f runoff and?FGZion ! osses. 
Weed control. 
Use of rotations of individual crops to prevent 
the carry-over of specific diseases, root nema- 
todes, and insects. Each crop type has its 
own pests. 
Varying the areas planted to key crops (food 
or cash) to meet anticipated needs or markets 
for the current season. 
More knowledge and timely observations on growth 
and performance of each crop. 
Convenience in harvesting each crop when ripe, 
without damage to others. 

b. What are the end results in teerms of labor and 
material costs of production, in yield of crops, 
and in their quality? 
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It appears that crop mixtures have more disadvantages 
than advantages in a system of large-scale farming where 
single crops are essential in reaping the potential benefits 
of modern machinery and technology applied to crop produc- 
tion. Intercropping is more adapted te the small farmer 
where farming is more intenstve. Increased research is 
necessary to satisfy his specific needs. It is suggested 
that if a rotation of the same crops (for example, three 
crop species) were raised, each crop would appear on a spe- 
cific field once in three years, and specific pests would 
be decimated when the host is not present. A simflar situa- 
tion exists for root-nematodes, soil infesting fungi and 
insects, and even to certain flying insects. Also, field 
sanitation is feasible, to remove, or plow under, all crop 
residues after harvest as a means of decimating.pests that 
would otherwise survive and attack the next crop. Such 
sanitation is more likely to be carried out if only one crop 
is grown on each field. 

It is suggested that some time-honored practices be 
questioned; such as shifting cultivation patterns and crop- 
ping practices that do not deal effectively with the specific 
limiting factors of the environment (rainfall uncertainty, 
deficient soil fertility, etc.}, They should be re-examined, 
and compared with other practices based on technology borrowed 
from other regions, or developed from new research. Such 
efforts are needed to meet the imperative demands for increased 
and more efficient production of food and cash crops to serve 
the nation, and to improve the living status of farmers on 
small land holdings. An excellent place to begin, is on 
improved production of individual crops. Suggestions for 
this are offered in,@hapters 5 through 40 of this Field Guide. 

The subsequent chapters on individual crops should not 
be construed as recommending piecemeal innovations in farming 
practices. However, each component in a farming system should 
make a satisfactory economic contribution, or it is not likely 
to survive. Increases in productivity should be quite sub- 
stantial to produce a sufficient incentive to adoption by 
the farmer. The individual farmer must see immediate bene- 
fits, and also become convinced that continued progress is 
feasible. 

Two factors must be recognized; One, that substantial 
yield increases of any crop require thesimultaneous applica- 
tion of all or much of the available technology (a new 
variety, without the rest may do little, or fertilizer used 
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without other changes is not worthwhile). Two, a system 
of farming that utilizes many productive coFnents has a 
multiplying effect on long-range farm profitability. 

The system of-farmfng developed for each region must 
be attuned to the conditioner prevailing in that specific 
region; systems may need to recognize bottleneck8 on sea- 
sonal labor, patterns of land use and tenure, available 
supplies and equipment for production, credit, extension 
and education programs, governmental policies and price 
supports, marketin practices and markets, and other 
matters, This Fie d Guide does not cover those important f 
matters; but it does undertake to provide information that 
is widely applicable to specific crop production. 
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CMPTER 4 

The Keys to Increased Yields and Net Returns Per Hectare 

With the important succ2sses on production of rice and 
wheat on a worldwide basis and maize in East Africa that have 
been achieved since 1968, it is usef~il to identify the basic 
principles that were invoked, and co utilize these as guide- 
lines for extending these accomplis*hments to other crops 
and new regions not previously affected. After JO to 20 
years of research with rice in the Philippines (by the In- 
t2rnational Rice Research Institute, LRRI), with wheat in 
\kxico (International Center for Wb2at and Maize Research, 
CIXXYT), and with maiz2 in Kenya and north2rn Tanzania 
(Flajor Cereals Program by USXID-U.S. II2partment of Agricultur2), 
each of these organizations has succeeded in developing highly 
psoduccive plant materials and combinations of cultural 
practices for greatly higher yields. These major achievements 
were not oniy due to the great success achieved in breeding 
more productive tyr2s of each crop, but also to determixing 
how to employ a:5. .jf the component practices in crop culture 
to exploit fully the potential crop productivity. All of 
the indLvid:Jal components must be put to work simultaneously 
to ac-hieve greatly increased crop yields, at r2fatively low 
additior?aI costs in labor and materials. The effect has 
been to gr2.iztiy increase the net returns to the grower. 

The breeding of improved crop types was a key component 
of these successes. These improved types of rice and wheat 
were short, stiff, stalked and resistant to lodging, adapted 
to the tropics and subtropics (not sensitive to length of 
day) t resistant to important insect pests and diseases, and 
with great potential for responding to good soil fertility. 
The package of cultural practices included effective use 
of irrigation water for rice and wheat, timely planting of 
superior hybrids of maize especially bred for local conditions 
to make optimum use of the "rainy season", sufficient ferti- 
lizer to permit greatly increased yields, seeding rates to 
groduc2 high enough plant populations to fully utilize the 
enwlronmeneaf conditions, effective weed control, and prompt 
treatments to control important: insect pests and diseases. 
FinalBy, the crop was harvester: promptly to avoid deteriora- 
tion in the field, and processed by appropriate drying and 
cleaning before being put in temporary farm storage. 

Edited by C.A Brcicenbast, Re@x~al Rural Development Officer. 
Latin ~mericen Bureau. Agency for International Development, 
Washington. D. C. 20523 
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The significant feature was the combination of outstanding 
newly developed crop types with al.1 of the necessary cultural 
practices to permit full expression of the y%eld potential. 
The result has been to increase yields to heights previously 
considered unattainable, but which proved highly practical 
when employed by the cultivators of all sizes, large and 
small, under the guidance of leaders who fully understood 
the process. Crop yields have been increased 2- to 4-fold 
under reasonably effective management; and the values of 
the increased yielris have greatly exceeded the additional 
costs of seed, labor and fertilizer. 

These phenomenal results obtained through a multidisci- 
plinary approach with these three major crops point the way 
+- increased efficiency in other areas and with other crops. 
6GSstantial benefits may be achieved at once by applying 
those technologies now available, with the prospect of still 
greater advances when the adaptive research on crop culture, 
and the pltrnt breedin, to develop superior crop types, have 
been cam;2e:ed, The !3 ollowing aspects of crop production 
have been sx*fficiently proven to warrant wide application. 

1. Choice of Suitable Crops 

The crops currently being grown should be compared with 
others that may be considered, to meet local food needs, 
to exploit potential markets, to provide adaptation to local 
climate and soil conditions, and to fit feasible farming 
systems. Choices may be made between crops of the same type, 
or between types. For example, of the cereal grains, rice 
is without a competitor on soils subject to flooding. For 
upland soils, rice is suited only to regions of abundant 
rainfall, but maize may be more productive on fertilized 
fields in regions where occasional moisture shortages occur, 
particularly if local soils permit deep rooting, Sorghum 
should replace maize in regions of greater moisture deficiency 
or stress; and millet (bulrush type) is more productive than 
sorghum where rainfall and soil moisture supplies are still! 
more uncertain. 

A choice of food grain legume may depend on climate 
and soil; thus, cowpeas are better adapted to regions of 
abundant rainfall; field beans are adapted to regions of 
moderate rainfall; chickpeas and lentils are best grown in 
subtropical regions with moderate rainfall in the cool season; 
and other species prefer other characteristic environments. 
As examples of starchy crop adaptations, bananas and plantains 
require fairly constant and ample rainfall and soil moisture, 
in contrast to the tolerance shown by cassava for periodic 
moisture shortages. Also, among the oil seed crops, sunflowers 
and safflower are the most drought tolerant types; groundnuts 



- 31 - 

require a growing season of 4 to 5 months when moisture sup- 
ply is moderate to good, but will grow well in regions with 
prolonged dry periods; sesame may be grown in a wide range 
of rainfall zones from heavy to moderate, provided the ri- 
pening period is relatively dry. 

The important factors are those that are adaptive rr;o 
the climatic and soil conditions of the region, so that higher 
yields are possible under improved cultural practices. A 
very crucial aspect of environmental adaptation is the res- 
ponse of individual varieties. There is no substitution 
for actual field trials (of varieties or hybrids) under 
farmin conditions representative of the region. A collec- 
tion 0 f improved varieties of each crop, including outstanding 
varieties tested in field experiments of several regions, 
should be evaluated to select some promising candidates, 
so thar only the best will be grown in direce comparison 
with improved varieties of other crop species. Tradition 
or custom is not a reliable criterion for choice of a suitable 
crop; there is no substitute for actual field testing in 
whirh modern technology is applied to the zulture of each 
crop. Even though the crop species may prove to be reason- 
ably well adapted, the potential productivity of improved 
varieties or hybrids may be found to be much greater than 
that of Locally common strains or variety of that crop, 

The individual grower is not in a position to make de- 
pendable studies on which crops are best suited to specific 
regiocs. This type of investigation should be the responsi- 
bility of research stations in each major farming region. 
When these srudies have narrowed the choices to a few alter- 
nate crops, the grower should then be enlisted to make final 
comparisons. The growers should have the guidance of agri- 
eulturists who will advise on the appropriate cultCal 

K 
rac- 

tices, so that the final results will truly represent t e 
productive capacity of the several crop types. 

7 
L. Land Clearing, Preparation, and Fertilization 

Land clearing and preparation vary greatly with climatic 
regions, as noted in preceding chapters. The prevailing 
practices generally reflect accommodations of the grower 
eo environmental conditions that he has learned to accept 
as the price for survival. They do not necessarily indicate 
feasible limits of productivity. Since much of the techno- 
logy developed over the past two centuries in the temperate 
zones must be greatly modified when applied to tropical re- 
gions, there is great need for continued studies on how best 
to proceed in land preparatfon on each of the major soil 
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groups of the tropics and subtropics. A more complete under- 
standing on how to make all tropical soils continuously pro- 
ductive requires further research. 

The first step is removal of all woody growth, or at 
least the killing of such vegetation. In humid regions, 
where the land is "fallowed" for a period of years after 
cropping, the forest growth is generally cut and burned; and 
the subsequent crop is planted around the remaining stumps 
and logs. The burned vegetation leaves a residue of ash; 
the moFt important components being phosphorous, potassium, 
calcium, magnesium, and the trace elements to a lesser degree 
- copper, zinc, iron, manganese, boron and molybdenum. 
Unfortunately, the burning vaporizes all of the sulfur and 
nitrogen in the top growth, both of which are essential to 
plant growth. The roots of the forest growth are decomposed 
largely during the first crop year, and contribute mineral 
nutrients to the extent that the crop plant roots penetrate 
the sol1 profile. The fertility provided by the decomposing 
roots is largely exhausted in two to four years, which explains 
why crop yields become successively reduced and the fields 
are allowed to revert to native vegetation after a short 
period of cropping for a period of natural regeneration. 

The removal of woody growth also is necessary on sa- 
vannah lands, but the amount of wood is greatly reduced. 
Also, the release of plan t nutrients from decomposing roots 
is retarded by dry periods, so that the soil fertility status 
does not decline as rapidly as in more humid regions. 

The dark grey and black soils of the tropics and sub- 
tropics are somewhat higher in native fertility than the 
lighter colored soils, but there are marked variations in 
such soils. Also, the alluvial soils of river systems 
usually have higher fertility and, whenever these are more 
permeable, they permit deep root occupation and utilization 
of soil nutrients from all profile layers. 

In all soils, the use of manures and/or fertilizers is 
a prime requirement for higher yields of crops. As in North 
America and Western Europe, the major nutrient requirements 
are nitrogen, phosphate aLzd potash. The nitrogen compounds 
in commercial fertilizers move readily into soils, but the 
phosphates and potash must be positioned in the soil where 
they will be readily accessible to crop roots, to be effec- 
tive. The amounts of fertilizer, and the ratios between 
nitrogen, phosphate and fertilizer, cannot be standardized, 
since all fertilizers are added to make up the differences 
between that derived from the soil and the total amount 
required for optimum crop yields. Actual field trials on 
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fertilization of specific crops are the most reliable guide 
to fertilizer requirements, and these should be planned and 
conducted by trained specialists. An aid in determining 
fertilizer needs is laboratory testing of representative 
samples of field soil to estimate the soils capacity to sup- 
ply phosphate and potash. The results of such laboratory 
tests must be calibrated in terms of field tests, and inter- 
preted by the specialist in terms of the kinds and amounts 
of fertilizer that may be applied with benefits. 

Many tropical soils appear to be deficient in the so- 
called "trace elements"' that are required by plants for nor- 

but the amounts needed are very small. The 
ils of the lowlands and terraces of stream valleys 

are less likely to be deficient in these trace elements 
than upland soils. Phosphate fertilizers and animal manures 
and composts usually contain some calcium, magnesium and 
sulfur; additional cro'p requirements may have to be deter- 
mined by field fertilizer trials, However, the "trace ele- 

which are essential in small amounts for normal crop 
production (zinc, iron, boron, copper, manganese and molybaenum) 
are not likely to be found in commerci.al fertilizers unless 
-specifically added. Animal manures usually contain appre- 
ciable quantities of these trace elements. 

There have been field trials in a few regions of the 
tropics in which the addition of a few kilos per hectare 
of a mixture of trace elements actually doubled crop yields 
above the increases from fertilizers alone. Since much more 
research is needed to determine which one or ones of the 
trace elements are deficient in particular tropical soils, 
one of two methods may be used to eliminate these possible 
limits to crop growth; (1) apply a mixture of all *ace 
elements along with fertilizer, or (2) when avmable make 
maximum use of animal manures or composts. The manures may 
be less effective than a mixture of trace minerals, but their 
use is more easily achieved by small cultivators. If animal 
manures are used as fuel, the ashes should be carefully saved 
and spread uniformly on crop land. 

3, Conservation, and Soil and Water Management 

Tropical and subtropical soils generally are subject 
to strong soil erosion when cropped, although the erosive- 
ness varies with the different kinds of soil. Botn the im- 
mediste and long-range effects of erosion reduce crop pro- 
ductivi,ty. In general, the greater the slopes of the land, 
the greater is the erosion hazard. Whenever rainfall occurs 
faster than it permeates the soil, it flows down slope and 
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carries with it greater or lesser amounts of the more fer- 
tile top soil and exposes the ‘Less fertile subsoil. Ccmti- 
nued water erosion also produces gullies and gradually 
destroys useful crop land. Such erosion is often more serious 
on Savannah lands and on short-grass steppes, than in more 
humid regions, because rains come in heavy showers much 
faster than the ssil will absorb the'water. Water erosion 
in the dry regions, on rangelands, is a serious problem. 
in general, &f--C LllUL Fs 

the tillage and lack of complete ground cover, 
typical of annual food and cash crops, predisposes 

most farm lands to serious erosion damage. 

Runoff of rain water has immediate adverse effects on 
crops grown in regions where "dry-periods" of one month or 
longer occur" Except where water-logging occurs because 
of inadequate internal drainage, the objective in soil and 
water management should be to retain and store the maximum 
amount of rainfall in the soil profile for use by crop roots. 
Vast areas of the tropics and subtropics, on all continents, 
regularly experience lidry" periods with little or no rainfall, 
ranging from one to six or more months. The degree to wk!iich 
water can be retained and stored in the soil during rainy 
periods wfil extend the crop growing potential of these re- 
gions. Soil management practices should be strongly oriented 
,toward conserv-+-"-- 
use in 

GC~~~~ of 88 E-ii?,'is, r&iT~fail aS feasible for crop 
regions having dry periods. The achievement of this 

objective will depend to a great extent on the inherent soil 
properties and soil depth, and on soil mapping to establish 
crap producing capabilities of the major soil groups, to 
provide basic information of importance to agricultural 
development programs. The management practices should be 
designed to enhance water conservation to compensate for 
inherent fimiting soil characteristics, so far as feasible. 

The least difficult of the management practices are 
aide those that are least adequate in controlling soil. ero- 
sion and water losses. As the losses become more critical 
"ec permanent agriculture, more elaborate conservation mea- 
sures are required, The following practices are feasible 
on a majority of tropical soils that are subject to soil 
and water erosion. 

a. Crop residues should be left on the land to 
act as a surface mulch. All animal manures 
and composts should be spread on the &and to 
contribute to soil. fertility and increase the 

b. 
soil's permeability to rainfall. 
Use alternate strip cropping acroes land slopes 
of different crepes rather than larger areas 



c. 

d. 

e. 

f. 
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of single crops, to reduce rates of runoff, 
Closely planted crops should alternate with 
crops using wider spacings. 
Always till land so as to provide a rough sur- 
face to retard water flow and enhance penetra- 
tion of rainfall. So far as feasible, tillage 
should precede.expected heavier rains to reduce 
runoff. 
Choose deeper rooting crop types and correct 
the soil fertility deficiencies to enhance crop 
growth, so as to maximize crop yields per unit 
of water consumed by the crop. 
Fully explore the opportunity for growth of 
forage and fodder crops to support livestock 
enterprises, in rotation with tilled crops. 
The solid stands of most feed crops have a bene- 
ficial effect on soil structure, that enhances 
yields of the succeeding tilled crops. Crop 
rotations generally are superior to continuous 
cropping to a single crop type. 
Where soil erosion and gullying are not controlled 
by simpler practices, undertake a program of 
soil terracing, as feasible, accomplished best 
by field machinery and tractors, to permanently 
change field contours for more effective cropping. 

4. Improved Varieties and Types of Crops 

Great advances have been made in the last two decaldes, 
in assembling rich collections of types and varieties of 
each of tile more important crops. These types and varieties 
cover a wide range in plant and seed characteristics, length 
of growth period, adaptation to climatic differences, tolerance 
or resistance to insect pests and diseases, crop quality, ' 
and ease of harvest. From such collections, greatly improved 
strains have 'been selected as being more productive for spe- 
cific regions than locally grown types. 

The next step in crop improvement is to undertake breed- 
ing programs, to combine into a single type, the desired 
characteristic8 from two or several types. The "miracle" 
rice Varieties, the outst=nding "Me~i~~~" type wheats, and 
the greatly superior maize hybrids for East Africa were the 
result of such breeding programs that combined tremendous 
production potential with other superior traits. Parallel 
research on cultural practices, to permit full expression 
of crop yield potential, resulted in a "package" of improved 
plant materials and cultural practices that increased yields 
2- to 4-fold gTeater than had been achieved by indigenous 
agriculture, 
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It is now clear that such methods are applicable to 
most cultivated crops, dependent only on the coordinated 
undertaking and completing the necessary research and field 
testing. The initial step of collecting and field testing 
a broadly based collection of types and varteties of each 
specific crop is within reach of every developing nation. 
By taking full advantage of the various fnternational re- 
search and training networks that are being developed for 
the major food crops parallel research on cultural practices 
best suited to the local environment, so as to capitalize 
on the best adapted types or varieties, can be carried out 
in each nation with moderate costs, with prompt benefits 
to the growers. A strong breeding program to carry the pro- 
cess still further requires a research program of several 
years duration, carried out by competent plant breeders. 
If a developing country lacks this capability for all im- 
portant crops9 an alternative choice is to arrange with 
a research institute in some other country with similar 
soils and climate to acquire seed of new crop selection 
and to test these products of the breeding programs of such 
institutes. Ht should no longer be necessary for growers 
to struggle with low production potential of any major crop. 
Every developing nation should fully exploit the modern 
technology that has produced superior strains and/or hybrids 
of each crop species. 

5. Seed Production and Distribution 

The availability of clean viable seed has a high pri- 
ority in all agricultural regions. However, a system for 
production and distribution of seed has the greatest signi- 
ficance in connection with improved crop strains and varieties 
or hybrids. The individual grower cannot depend entirely 
on external sources of seed, and he should be advised as 
to which crop types will breed true from plant generation 
to plant generation, that will permit him to produce grd 
store his own seed. For crops that show great variability 
in successive generations (which is true of all cross-pollinated 
species), the maintenance of identity and purity of type 
requires field isolation from all other types, and appro- 
priate controls to insure crossing to produce the true type, 
or to limit out-crossing to that occurring within the selected 
type. Far cmps that do no, + breed true without man'8 inter- 
vention, seed producLA +ion is a specialized enterprise that 
requires government regulation and inspection, to produce 
seed that is guaranteed as to identity and quality. 

For crop species that breed true from generatfon to 
generation (such as wheat, beans, sesame, etc.), the grower 
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may produce and store his own seed successfully making sure 
he avoids any mixing in planting, harvesting and cleaning. 
This process includes elimination of off types in the field, 
prompt harvest of seed at maturity, careful drying (with 
protection from rain), 

~ matter, 
effective cleaning to remove foreign 

and storing so as to remain relatively dry (below 
10% moisture). 
plenish his 

Where possible the grower is urged to re- 
seed stocks periodically to be sure he is planting 

the best seed possible. 

6. Planting Practices 

These practices include the best season for planting, 
the quantity of seed to provide full occupation of the land 
for higher yields, the method and depth of planting, and 
spacing to facilitate pest control and harvest. 

In general, the season of planting should be selected 
to coincide with the beginning of a rainy season (which 
is highly important in regions of limited rainfall), or 
to have the crop mature in a period after rains cease. 
In the case of irrigated regions, or re 
rainfall, particularly for rice, date o f 

ions of abundant 
planting may be 

adjusted to permit multiple cropping in the course of a 
year. Prompt planting at the beginning of a rainy season 
appears to be effective to take advantage of higher natural 
soil fertility levels at that time, and to escape the insect 
pests and diseases that gradually build up after rains 
begin and damage later seedings more severely. 

The quantity of seed planted should be such as to 
produce a total population sufficient to fully utilize soil 
fertility, but not so dense a planting that soil moisture 
supply will be exhausted before the crop matures. 
the plant population that 

Obviously, 

iii 
reduces 

maturity of the crop must 
the greatest yield at 

teristics of the crop, 
e adjusted to the growth charac- 

the average expectancy of rainfall, 
and the fertility and water supplying power of the soil. 

Depth of planting must also be adjusted to the condi- 
tions of the seed bed and expected weather. Seeds require 
moist soil for germination, and thus must be placed at least 
P to 2 cm below the surface. Heavy textured soils that 
tend to crust as a result of rains constitute a problem. 
Seed must be planted shallow enough to break through any 
cruets that develop, but deep enough to remain moist as 
required for germination. Large seeds tolerate deeper planting, 
and have greater germination power to force the seedling 
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shoots through soil crusts. A method successfully used 
in some regions to combat soil crusts is to plant seed $11 
hills in excess numbers, and to thin to the desired stand 
after full emergence of seedlings. 

Hill planting is quite compatible with rows spaced 
to facilitate weed control, and for any treatment needed 
for control of insect pests and diseases. Where hill spa- 
cings are less than the distance between rows, the rows 
should run across slopes, on contour lines, to retard soil 
erosion damage and runoff losses,, 

7. Weed Control 

Except for freshly cleared land, particularly in humid 
regions, weeds constitute a major threat to high crop yields. 
Fields that are continuously cropped to annual crops, usually 
experience a rapid Pnereqse in abundance of weeds from crop 
to crop. Weed competition then becomes a serious threat. 
It is essential. that all planting seed be weed-free, but 
this is often ignored. 

Weeds are best attacked while very young, since they 
are more easily killed at that stage, and later killing 
does not prevent substancjal reductions in crop yield by 
root competftion between. weeds and crop seedlings. The 
crop nz9e-r ful'iy recovers from early, heavy infestations 
with weeds, even where the weeds are completely eradicated 
iti a few weeks. 

The traditional methods of weed control are pulling 
and hoeing or tillage. With a plentiful labor supply, these 
methods can be effective, but only if weeds are removed 
while still quite small. Later removal by these means, 
inevitably damages the root systems of crop plants. Repair 
of such root damage becomes progressively less probable 
as soii moisture supply dwindles, and as fertility has been 
sapped by weeds. 

Nany serious weeds can be elimina.r,ed by application 
of chemical herbicides that kill the weeds without harm 
to the crop plants. These herbicides must be selected to 
attack the specific weeds that are prevalent; and they must 
be used precisely as prescribed by the manufacturer of the 
herbicide. As crop culture becomes more commercially oriented, 
the use of herbicides becomes quite practical. A great 
advantage of an appropriate herbicide is that rapid treat- 
ment of extensive areas is possible, whereas hand control 
by pulling or hoeing would take much time and allows weeds 
to seriously curtail ultimate crop yields. 
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8. Control of Insect Pests and Meeaaes of Crop Plants 

While these pests vary widely with the type of crop 
and the agricultural region, 
that are generally applicable 

there are certain principles 

individual growers. 
to effective control by the 

Where strains or varieties have been bred for resis- 
tance to important insect pests and diseases these give 
the grower a great advantage. c v~~&jr~~tl’ &UX?ly , such breeding 
programs have still not been undertaken for all crops, and 
some types of resistance cover only a portion of the pests 
found in specific localities, To the extent that resistant 
crop types are available, they should be used. 

A second principle is based on the rapid multiplication 
of both insect pests and diseases as the growing season 
progresses. Early planting to establish crop plants before 
the insects or the disease inoculum increases in abundance, 
and perhaps to permit crop ripening before excessive damage 
occurs S is generally effective. A related principle is 
to attack these serious pests as soon as they appear to 
prevent a build-up in abundaEcea The small-holder has a 
serious disadvantage in that his control measures can only 
be fully rewarding i.E all neighboring fields are treated 
effectively. Insect pests are highly mobile; and the ino- 
culum of diseases is carried from field to field by winds 
and by some +fds. 

For diseases that are seed-borne, it is necessary to 
either plant disease-free seed or to treat all seed with 
fungicide chemicals that destroy the disease organism. 
Home-grown seed is almost inevitabllr infected with some 
diseases, and chemical treatments should be useful if faith- 
fully used as prescribed by the manufacturer. 

Use of pesticides 

The use of appropriate insecticides and fungicides 
to combat insect pests and d%seases has been more highly 
developed for a few cash crops of high value, such as cotton; 
and both the appropriate pesticides and directions for tising 
these are generally available in important cotton-growing 
regions. For most other crops9 the methods and materials 
for combating pests require more attention by growers and 
their advisors. 
the pest. 

A first requirement is to accurately identify 
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Control measures for serious insect pests must be ad- 
justed to the life cycle of the specific insect, its feeding 
habits and reproduction. The time and method of attack 
should be planned ,to have direct effect on the specific 
insect. Indiscriminate and continuing insecticidetreat- 
ments may be more harmful than beneficial, as wel).'a.s beimg 
unnecessarily expensive. If an insect is 
damage in one field, 

cauefng., 
it is probably abundant in other fields 

of the region, and a community program of treatment should 
be organized by local advisors. All other methods of con- 
trolling specific insects should be invoked, including use 
of resistant varieties, early planting to evade heavy in- 
festations, crop rotation to reduce the abundance of vul- 
nerable crops, and any suitable methods for killing the 
insect in periods between crops. Insecticides should be 
used only to su plement other control measures as a last 
resort. Such p 7. anned control obvfous3.y requires a rather 
fu3.I. knowledge of the insect and its habits. 

Preventing diseases 

Similar attitudes should prevail with respect to plant 
diseases - A prime requirement is to identify the causal 
agent for the disease. In addition to determining if the 
agent is a fungus, bacterium, virus, or nematode, it is 
essential to determine wkich organism or type of organism 
is involved. Wnere the causal agent has already been 
identified, as with a well-known disease, the control 
measures follow somewhat the same pattern as for insect 
ContKol: (a) use resistant var,ieties, if available; 
(b) plant only disease-free seed, or seed that has been 
treated to kill contaminants; (c) evade or delay infection 
by early planting before the inoculum increases in abundance; 
(d) if certain insects are known vectors for transmission 
of disease (viruses), direct the necessary efforts to con- 
trol of these bsects; (e) growing other crops not affected 
by a serious disease, to reduce rate of spread from field 
to field; and (f) any appropriate measures for reducing 
inoculum in periods between crops which includes controlling 
weeds as they appear in the fields and the borders. 

9. H-H 

Crops should be harvested as soon as grain maturatton 
is complete, and sun-drying in the field has reduced moisture 
content to the extent possible in the local climate. The 
preferred moisture content of the crop in the field should 
be less than 20%, and below 15% will simplify further drying 
in storage. Seed and grain should be reduced in moisture 
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content in the field when drying conditions prevail, since 
this is the simplest and cheapest method of reducing mois- 
ture to the 2Q% required for safe storage. However, a com- 
promise may be necessary to protect the crop from birds, 
rodents and insect depredations, 
L* c-1 IT.-....-! L., 

Such early harvest must 
uez LUAAUWCCL uy measiirea to compleze 

or ventilated storage. 
drying on open floors 

The grain will dry more rapidly 
and safely if al2 foreign matter is screened out when the 
crop is brought in from the field. 

Grain or seea infesting insects constitute a serious 
menace to a22 stored grain and seed in the tropics. The 
hazard is greatest in humid caimates, but major losses 
occur also in dry climates. Where experience indicates 
the probability of heavy insect damage, guidance should 
be sought on practical treatments that Wi22 eliminate in- 
sects at the time grain or seed is placed in storage. Pre- 
ventive treatments are more effective and far less costly 
than trying to control infestations after they occur. 

20. grimary C2eaning and Processing of Crops 

The initial handling of harvested crops as they come 
from the field has a direct relation to net returns to the 
grower, The crop should be dried as rapidly as feasible 
to moisture corztents that will assure safe storage, processed 
for removal of a22 foreign matter, given screening or sorting 
to eliminate a22 non -salabTe portions (and those that will 
not store s~;fehy) .r and given preliminary treatments to sup- 
press storage insect infestations, 

WhkPe a21 of these practices are feasible and necessary 
for crops entering market channels, the need for such pro- 
cessing is probably near1 y as great for growers who are 
using short-term farm storage prior to marketing,, and for 
all stocks held on the farm for family food supplies. From 
fragmentary reports as to severity of on-farm storage losses, 
effective methods of curtailing these losses would contribute 
very great2y to net returns achieved by growers in virtually 
all developing nations. It would be sensible to protect 
the crop for full utiiization after it has been produced 
and ‘narves ted a Failure to do so may largely dissipate the 
benefits resuJ+:mo from more- efficient field prodaction. - ----cY 
The technology for feasible, inexpensive on-farm processing 
and storage of grain and seed shou2.d be given increasing 
attention. 
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WAPTER 5 

RICE (Oryza sati~a) 1/ 

Rice is a leading cereal cro 
grown on all continents. 

in many countries and j,~ 
e principaf staple food in 

the diet of more than ha2f of the wor2d's population. About 
90% of the world's rice crop is grown in Asia. Outside of Asia 
and adjacent islands, important rice-producing countries in- 
clude Brazil, Colombia, snot Peru in South America, Egypt and 
Malagasy Re2ubli.c in Africa, the United States and Mexico in 
North America, Italy and Spain in Eurqe, and Australia. Al- 
though the United States produces less than 2% of the annual 
rice crop, it is the reading exporter of rice since over half 
of the Droduction is exported. Rice is an ancient food plant 
of the $ar East and dates back at least to 3,000 B.C. 

Rice often is considered a tropical crq but it is grown 
in both the temperate and tropical zones in Africa, Asia, North 
America, Ocemia, South America, and in the southern part of 
Europe. Rice yields gener~ally are much higher in temperate 
than in tropical. zones because of differences both in climate 
and in cuPtura2 practices includfr,L varietie:! grown. However; 
new high-yielding varieties zbnd improved cultural practices 
developed by International a,&.d In-Country Research Stations 
have shown that high yLeI.ds also are possible in tropical zones. 

The rice crop Is unique in the abiEi.ty of its see% to ger- 
minate in water and the piants to grow on f2ooded soils. HOW- 
ever, rice seeds us*ual'By wil2 not germinate if covered by both 
soil arid water. 
Land) rice, 

Rice may be grown as irrigated or lowland (wet- 
or tis qland (rainfed) rice which is not irrigated. 

The Tao general types of production require different cultural . 
methodr,. 
high, most 

In developed countries where grain yields are rather 
rice is grown under controlled irrigation. Several 

systerls of controlled or uncontroiied irrigation are used in 
various countries to supply the needed.water for proper growth 
rr;F the rice plant. 

Considerable rice is grow-n on q2and soils but this type 
of culture usually is limited to areas of relatively abundant 
rainfall during the growing season. in some cases the rain 
water -is impounded and in other cases it is not. Much of the 
rice grown in Central and South America and in many countries 
in Asia is produced under upland conditions. Fairly satisfac- 
tory yields may be produced in seasons of uniformly high rain- -'.?, $*,. IT'LL L,u~ dry seasons may bring &out very 10-d *yields. In the 
Philippines and elsewhere in Southeast Asia, much of the rice 
is grown on terraces in mountain regions. Sometimes the entire 
II Edited by T H Jilhnsron, Resrarrh Ap,rononlst and Technical Advl-.or, Rice 

5rredit.g. Southern Revlon. A~r~cult~~ral Research Service. 1: S Depsrtmenr of 
Agriculture. ir. cooperation with Univrrslty of Arkansas Rice Rrench Experi- 
ment Station, Stuttgart. Arkansas 72160 
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mountainside has been conv~rtsd into a series of rice paddies. 
Spillways permit the impounded water to flow down from one 
terrace to another. 

Floating rice is grown in some areas of southeastern 
Asia where streams overflow during the growing season. 
Specially adapted varietie s are sown before the f!ood season. 
The water rises slowly and the plants elongate rapidly as 
the depth of the water increases. The rice culms are weak 
but are supported by the water, When the flood water recedes, 
the plants lod e but enough upright growth fs made to hold 
the panicles o f the ground so grain can be produced. f Such 
rice must be harvested by hand. In recent years rice breeders 
in Thailand, and perhaps elsewhere, have had some success in 
developing floating varieties that show reduced straw growth 
and more resistance to lodging. However, the pldnts have 
retained the ability to elongate rapidly when the need arises. 

Environmental Requirements 

Temperature and Water 

Rice needs relatively high temperatures during the entire 
growing season, z"ir;c; ,~cnce is restricteu to tropical climates 
or to warm seasons of subtropical and temperate zones, The 
water requiremen: for rice is rathe- high and lowland rice may 
be flooded most of the growing season which may extend over a 
period of 3 to 5 months. The amount of irrigation water 
required is least where the subsoil,s are relatively impermeable 
and the seasonal rainfall is high. Water of good quality is 
needed for satisfactory rice production, 

Considerable variation exists in methods used to provide 
water for irrigation. The water source may range from natural 
seasonal flooding of Pow-lying areas along streams to elaborate 
systems of dams, impoundments, and canals to provide complete 
water control. Water may be pumped from wells or may be 
obtained from streams by means of relift pumps and use of open 
ditches trend is toward development of well constructed and 
efficient irrigation facilities that make maximum use of water 
for year-round crop production where temperatures are suitable. 
The more primitive systems that depend on natural flooding may 
produce relatively low yields of rice because of the uncertainty 
of wa+ar supply, bYL and the difficulty of timely execution of 
cultural practices including weed control and fertilization. 
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Effective irrigation implies not only an adequately con- 
trolled supply of good quality water, but also efficient drain- 
age of excess water whenEver this is required. In cases where 
rice is direct-seeded rather than transplanted, good drainage 
is needed to allow the land to dry out enough for preparation 
of a satisfactory seedbed. Sometimes it is necessary to drain 
a rice field to allow the soil, surface to dry and permit aera- 
tion of the rice root system in early mfdseason to prevent 
damage from straighthead disease. Earlier drainage may be 
needed to lessen chances for damage from adverse soil condi- 
tions or from insects such as the rice water weevil. Flooded 
rice fields usually are drained P cr 2 weeks prior to maturity 
of the rice. This Ls especially necessary when rice is harvested 
mechanically or when storms Cause the rice plants to lodge or 
fall over severely, If it is not possible to drain fields 
adequately at this stage, then it is very important that the 
rice varieties being 

f 
row-n possess postharvest dormancy; other- 

wise the grains on cu ms which have fallen into the water will 
germinate while still on the panicle. 

Soils 

Lowland (wetland) rice is grown mostly on rather heavy 
clay soils or other soils underlain with a hazdpan or Impervious 
subsoil. The seepage loss of water through such soils is small 
and these soils nay not be 3s suitable for other crops which 
require deeper root systems to produce satisfactory yields. 

Upland or rainfed rice is grown on soils of many types, 
fn regions of high to moderate rainfall where the soil profile 
may be wet most of the time or only occasionally. Upland rice 
therefore is generally far less productive than irrigated rice, 
especially in low rainfall years. 

Soils which are high in sodium, are saline, or are alka- 
line, usually are not satisfactory for rice production, Rice 
does best on soils that are slfghtly acid. If streams or 
other sources of irrigation water becomes contaminated with sea 
(salt) water, rice plants may be damaged. Rice can tolerate 
somewhat higher concentrations of salt as the plants get larger 
but high concentrations may kill young plants and may cause 
sterility (lack of seed production) in older plants around 
flowering time. The degree of damage is partly dependent on 
soil type and on the variety being grown, Certain varieties 
possess more tolerance than others to adverse soil and water 
conditions. It may be possible to grow rice satisfactorily 
on problem soils that are somewhat alkaline by applying small 
amounts of zinc to the soil at the start of the growing season, 
Also, the application of ammonium-*sulfate as the source of early 
season nitrogen fertilizer may greatly benefit young rice plants 
growing on moderately alkaline soils. 

E 
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Availability of Improved Varieties 

Plants of different rice varieties (cul~ivars) range in 
height from about 60 to 180 cm. They may produce from one 
to many tillers or cu%ms depending on such factors as plant 
spacing, variety or type, soil fertility level,, available 
moisture, and pest and disease control.. Each culm normally 
bears a terminal panicle that may contain as many as 100 to 
150 grains which are enclosed tightly in a pair of hulls 
(or husks), the Lemma and palea. At maturity the panicle 
characteristically is fully exserted from the sheath of the 
uppermost leaf (also called the "boot"), but in some cases 
it may be partly enclosed. Hull color may be light straw- 
yellow, gold, or a shade of red, purple, or brown. After the 
hulls are removed, the kernels (brown rice) of different 
varieties range from 3.5 to 8.C mm in length, 1.7 to 3.0 mm 
in width, and 1.3 to 2.3 mm in thickness. Rice cultivars 
grown in the United States are classed as long-, medium-, 
and short-grain. The average length of brown rice kernels 
is 6.61 to 7.5 mm for long-grain, 5.51 to 6.6 mm for medium- 
grain, and 5.5 mm or less for short-grain types. The average 

;length/width ratios are over 3, 2.1 to 3 and up to 2.1 mm, 
for long-, medium-, and short-grain types, respectively. 

:Brown rice of certain varieties grown in other fzountries shows 
a wider range in kerne; measurements. 

Most people desire rice of a specific grain type or at 
least rice havfng certain cooking and processing characteristics. 
Rice varieties differ greatly in quality, including cooking and 
processing characteristics. The amylose starch content of milled 
rice is closely associated with cooking quality. For example, 
the typical Long-, orain,varieties grown in the United States have 
relatively high amylost'! content and the milled rice cooks up dry 
and flaky and kernels remain separated. Typical medium- and 
short-grain varieties have lower amylose content and the kernels 
tend to stick together when cooked. Glutinous or waxy rice 
(sometimes called sweet rice) which is grown in some countries 
for special uses contains virtually no amylose. Several chemical 
and physical tests are used to accurately determine cooking and 
processing characteristics of rice varieties. Rice breeders work 
very closely with cereal chemists in well developed rice research 
centers to insure that new improved rice varieties have the 
desired quality characteristics. 

The nutritive value cf rice is very important and research 
investigations were started over 20 years ago by Adair and CO- 
workers in Arkansas (Li.S.-i.) to breed for increased protein con- 
tent in rice varieties. Research to improve the inherent nutri- 
tional value of rice, particularly with respect to protein con- 
tent and quality, has been continued and expanded in Arkansas 
and at c:her locations La the United States, especially at the 
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IJSDA Agricultural Research Center at Beltsvilfe, MD. In 
recent years, considerable emphasis has been placed on imprav- 
ing the nutritional quality of rice varieties at the Xnter- 
national Rice Research Institute in the Philippines and other 
Rice Research Centers. To date, adapted experimental varieties 
and breeding lines have been develo e$, which consistently aver- 
age two percentage points (20 to 25,).higher protein content $ 
in the brown rice than the standard cultivars. Much research 
also is being conducted on lysine and other amino acids in the 
rice protein, including detailed feeding experiments to eval- 
uate the nutritional value of the improved rice varieties. 

Great strides have been made by rice breeders in develop- 
ing improved cultivars with much shorter and stiffer straw, 
These variety improvement programs are cooperative with other 
agronomists, soil and fertilizer specialists, pathologists, 
physiologists, entomologists, and researchers in other related 
disciplines. This insures development of varieties that: are 
responsive to nitrogen fertilization; have desirable plant type 
including a high degree of resistance to lodging; have resis- 
tance tc productj.on hazards such as diseases, insects, and 
adverse soil conditions; and that produce relatively high and 
stable field and milling yields of rice with desirable cooking 
and processing characteristics, 

During the past I5 yeass (sixties and early seventies), so- 
called semi-dwarf or short-statured, stiff-strawed, high-yield- 
ing varieties (HYV's) that respon;: to high levels of nitrogen 
fertilization have been developed in the coordinated breeding 
programs in Taiwan, Japan, The International Rice Research 
Institute in the Philippines, India, ,Thailand, Colombia, the 
kited States, and perhaps elsewhere. The International Rice 
Research Institute used improved varieties from Taiwan, the 
Philippines and other Asiatic countries to develop high-yield- 
ing varieties and the accompanying "package" of fertilization 
and cultural. practices that sometimes produce as much as 8,000 
to 9,000 kg/ha of paddy, in contrast to the avera e of 2,000 
kg/ha fcr most farming regions of Asia. Certain mproved f 
varieties developed in the U.S.A. and elsewhere which are some- 
what taller than the “short-statured” types, produce equally 
high grain yields under certain conditions using somewhat lower 
levels of N-fertilization, However, these HYV's which are of 
moderate plant height usually are more susceptible to lodging 
than are the short-statured types. 

It is possible that the very rapid increase in acreage of 
a single improved variety of a crop such as rice could be undesir- 
able. An important danger arises when a large geographic area 
is planted to one specific variety, If an epidemic of a certain 
disease occurs to which that variety is highly susceptible, then 
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tlarnqe from that disease may be devastating over much of 
that area. If, however, the large pfanred areas are divided 
among three or four different varieties of different genetfc 
background and which have varying responses to major diseases 
or insects, losses to such epidemics should be much leas ae- 
vere. 

In order to get maximum grain production, it has been 
found necessary not only to adopt the improved high-yielding 
varieties but also to employ the appropriate season of planting, 
the necessary density of plants per hectare, adequate fertili- 
xation and pest control, and 'prompt harvesting. Planting 
high-yielding cultivars without using improved cultural practices 
may be relatively useless. 

In any given country or geographic area, it is important 
to grow only those varieties that are well-adapted to the area. 
Where possible, it also is ilmportant to grow varieties that 
have the proper grain type and cooking characteristics desired 
by the consumers. 

Cultural Practices (Lowland Rice) 

Rotations 

Where and when it is economically feasible, it is desirable 
to rotate rice with other icrops that are adapted to the area. 
Common rotations in the United States where rice is direct- 
seeded and only one rice crop is grown per year, include: rice- 
oats-scybeaxs, and sometimes lespedeza which may be overseeded 
in the oats; rice-soybeans-soybeans; 2 years rice- 3 years im- 
proved pasture, or other combinations of rice and pasture, either 
improved or unimproved. Pastures for grazing cattle are im- 
proved by seeding clovers or grasses into the rice stubble 
following combine harvesting and applying fertilizer to the 
pastures as needed. 

In most rice-producing areas of the United States, crops 
are rotated because under continuous cropping the soil usually 
becomes depleted in fertility and in organic matter. The re- 
sulting deterioration of the physical condition of the soil 
makes preparation of a suitable seedbed very difficult. In 
addition, the soil becomes progressively infested with weeds 
and diseases that lower the yield and the quality of the rice. 

At the International Rice Research Institute in the Phili- 
ppines, Bradfield conducted intensive rotation experiments with 
transplanted rice. He alternated crops of rice with soybeans 
or grain sorghums and by using short-season varieties, was able 
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to produce four crops that included two hi h-yielding 
of rice and two other crops in only slight f 

crops 
y more than a 12- 

month period. Rotations that may prove satisfactory in other 
countries may include other crops such as wheat, maize, food 
legumes, groundnuts, and vegetables. 

When it is necessary to grow rice on land continously, it 
is very important to follow all possible measures for controlling 
weeds, diseases and insects. Working all. remaining rice stubble 
or weed growth into the soil or mud following harvest so it 
will decay usually helps to control these peats. 

Land Preparation 

Tr - -; comtries where large fields are used and rice is 
direct--seeded for mechanized prod.uceion, proper seedbed prepa- 
ratior L LS very important. Good drainage is necessary so that 
dryland equipment such as plows or disk-plows of various types 
can be used to at least partially turn under crop residues or 
incorporate them into the soil immediately after harvest. After 
the field has been 'ief- 
tc allow rime for 

L for 2 or 3 months during cold weather 
the crop residues to decay, the land is again 

woriced with disk-harrows, spring-tooth harrows, field culti- 
vators or other similar implements to break up any clods and 
destroy i:r;y vegetation present. Then the field is worked with 
land-levellers or land-planes to fill in any low places. The 
soil surface is made as level as possible to provide good 
drainage and to aid in careful control of water depth when the 
jl-;El(j is r"lQQpd. A uniform but shallow depth of flood water 
(5 P-O 10 cm) is desirable for best results with improved short- 
sratured varieties. 

Xhere the crop is to be transplanted from seedling beds, 
a 'ih;e I:- __ *- - ,Jleparcd field or paddy should have the following charac- 
teristics: 
;seeds , 

(I) mud and water should be thoroughly mixed, (2) 
rice straw and stubble or other crop residues which 

wsse plawed under should be thoroughly decayed, and (3) land 
shou"iZ be well levelled and puddled. Careful levelling is 
imgortant for clniform distribution of irrigation water in 
*;he paddy. 
seedlings 

(Detailed instructions for production of rice 

ki:e 
are given in a booklet dated 1972 by The International 

Research Institute, 
:r.itled "Tropica 

P.O. Box 583, Manila, Philippines, en- 
1 Rice Growers Handbook - Production of Seedlings." 

General recommendations for growing transplanted rice are pre- 
s f..b"; .;,, yG a in a "Rice Production Manual" compiled by Rice Infor- 
ma:<oz Cooperative Effort - R.I.C.E. 
cr.:,;&? 

- Univ. of the Philippines 
-ge of Agriculture in cooperation with I.R.R.I.). The 

-,-ice fields should be kept wet and can be worked with recently 
developed small tractors and specially developed equipment or 
with the more traditional equipment and animal power. 
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Seed and Seeding or Planting 

Care should be taken to use the best seed available of 
varieties that are well. adapted to the area where the crop 
is to be grown. Important factors are genetic purity of the 
variety, freedom from mixtures of other varieties and weeds, 
and seed with low moisture content and high germination. 
These items should be considered both for direct seeding and 
for seedbed production of seedlings to be transplanted. Methods 
of growing the seedlings include: (1) ordinary wet-bed where 
seeds are sown on raised beds with drainage ditches between -- 
if soil is fertile, nitrogen fertilization may not be needed -- 
where needed, nitrogen is worked into the soil prior to seeding; 
(2) dry-bed method where water is limited and raised beds are 
prepared dry with canals between beds -- pre- erminated seed 
is sown evenly over the bed and covered with f 
"Dapog" 

ine sand; (3) 
method (used extensively in so:lthern Luzon, Philippines) 

may be used where water is abundant -- 
raised seedbeds is 

tLe surface of the slightly 

fertilizer bags, 
covered with banana leaves, empty cement or 

sheets of plastic, or small concrete slabs -- 
pre-germinated seed is sown thSckly and water is splashed on the 
developing seedlings twice a day for 3 or 4 days - then the 
seedlings are flooded to a depth of 1 to 2 cm for 10 to 14 days 
after which they are ready for transplanting in small c1umgs. 
If the “&pogl’ merhod is used, often 5 to I.0 seedlings may be 
planted per hill but with other methods and older seedings, 2 
to 4 seedlings per hill are sufficient. 

Fields for transplanting should be cultivated thoroughly 
and carry a shallow flood so the seedlings can easily be thrust 
into the soft mud, Hills of seedlings may be spaced 20 x 25 cm. 
Closer spacing is desirable where improved cultural practices 
are being used. Satisfactory field preparation for transplanted 
rice usually involves an initial flooding to soften the soil, 
and repeated cultivation (by hand, animal-draw, or power-driven 
equipment) to incorporate all vegetation and preplant fertilizers. 
Perennial weeds are thus destroyed and insect pests are greatly 
reduced in numbers by the thorough soil preparation. 

Rice may be direct-seeded with mechanical drills which dis- 
tribute the seeds uniformly in shallow rows that are covered with 
soil as part of the seeding operation. Often a heavy metal 
roj-ler is used to make the seedbed more firm and to help con- 
serve moisture. Other methods include broadcast-seeding of dry 
seed by airplanes, by hand, or by special ground equipment on 
a prepared seedbed that is dry or a prepared seedbed that has 
recently been flooded to a depth of about 10 cm. Where seed 
is to be broadcast into the water, the seed may be pregerminated 
for 24 to 36 hours immediately prior to seeding by airplane or 
other means. When appropriate materials and methods 
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are available it is advisable to treat the seed with a recom- 
mended fungicide to help insure better stand establishment. 

Where rdce is to be direct-seeded, it is necessary CO choose 
a suitable variety, and an ample supply of irrigation water 
must be readily availabh. SuitabPe and effectfve mearss aiea 
must be available for controlling weeds and insect pests. 
Suggested seeding rates for low-tillering varieties range from 
90 to 120 kg/ha of seed where rows are spaced 15 to 25 cm 
apart; for high-tillerfng varieties, a 60 to 80 kg/ha rate 
should be adequate. If the germination percentage of the seed 0 1 P.QS then 80%, then the seeding rate should be increased 
igoportionately to produce an adequate stand of plants. Re- 
search in Arkansas (cooperative U.S. Dept. of Agr. and Arkan- 
sas Agr. Exp. Sta.) showed that 150 to 300 rice seedlings per 
square meter was a desired stand. However, 50 plants of barn- 
yardgrass per square meter competing throughout the growing 
season, reduced grain yields by nearly 50%. Fairly satisfac- 
tory grain yields may be obtained with somewhat fewer plants 
if weeds are controlled and ample and timely nitrogen ferti- 
lizer applications are made. 

Fertilization 

Proper balance of the major fertilizer elements (potassium, 
phosphorus, and nitrogen) is necessary for top production by 
the new, so-called, high-yielding, rice varieties. These im- 
proved varieties, especially the short-statured, stiff-strawed 
or non-lodging types, usually respond well to rather high levels 
of available nitrogen. Newly cleared woodland may be high in 
native nitrogen but most of this nitrogen is utilized by the 
first two or three rice crops. It then is necessary to provide 
t'he needed nitrogen through green manure crops, which are turned 
under into the soil, or by application of commerical fertilizers. 
Ammonium suffate and urea are the most satisfactory commercial 
nitrogenous fertilizers for application early in the growing 
season. Anhydrous ammonia is fairly satisfactory for preplant 
applications in lowland rice production if it is applied to 
a sufficient depth (10 to 15 cm) and sealed in the soil so it 
does not escape to the atmosphere. Other forms of N-fertilizer 
such as ammonium nitrate and liquid solutions of N may be satis- 
factory sources for midseason applications. Plants of respon- 
sive rice varieties require moderately high levels of N early 
1 *t the growth cycle for establishment of a good root system 
and for tillering. The other peak period of need for N is 
early in the re reductive stage of growth when the panicle starts 
to develop and i egins to form the grain. If N-fertilizer is 
applied late in the vegetative growth stage, excessive stem 
growth and elongation usually follows and severe early lodging 
may result. Delaying midseason N application until after stem 
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longation has started, usually results in Pegs straw growth 
nd reduces chances for severe lodging. Under lowland rice 
reduction, proper water management is very important to 
revent loss of nitrogen from the soil. 

Only relatively low levels of N-fertilization can be 
olerated by local or indigenous varieties which generally 
odge badly with even moderate levels of N. In contrast, 
elatively high rates of N-fertilizer are necessary to boost 
he yields of improved, short-statured, responsive varieties 

to 7 to 8 metric tons (7,000 to 8,000 kilos) of grain per 
However, many of these improved varieties will pro- 

ce as much gra, -tn as local varieties when low levels of N- 
rtilizer are used on both. 

When high total rates (above 100 kg/ha of actual N) of 
fertilizer are used on the HW's, ft usually is advisable 

divide the total amount into three apphications. Applying 
to 50% of the total N early in the season and the remainder 
two equal increments at midseason helps prevent excessive 

getative growth which tends to make rice plants more suscep- 
ble to several diseases. .Research in Arkansas (U.S.A.) 
owed normally grows to a moderate plant height (115 to 125 
), proper timing of the midseason N-fertilization reduced 
ant height by 18 cm, reduced lodging from 69% to only 2%, 
d increased grain yield from 5,700 to 7,900 kg/ha. For 
st results from rather high rates of total N, the first mid- 

eason application should be made when the first elongating 
ternode of 50% of the main stems of a given variety reaches 
specified length. For the popular, stiff-strawed, Starbonnet 

ari.ety this length is about 12 mm whereas for other varieties 
th somewhat less lodging resistance, tha specified length is 

This usually corresponds to the time when the 
veloping panicle 

plit 
is about 2 mm long. A few main stems are 

open with a knife to determine stage of plant development. 
dseason increment of N-fertilizer should be applied 
after the first midseason application. On large, 

rrect-seeded fields, these midseason applications are made 
s without draining the irrigation water from the 

Part, if not all, of the phosphate and potash needs of low- 
land rice may be provided by the incorporati.on of animal dung, 
composts, green manures, and crop residues of previous crops 
that are incorporated into the soil during seedbed preparation. 
Where available and needed, applications of commercial potash 
and phosphate fertilizers may be worked into the soil prior to 
seeding or transplanting. 
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Pest Control 

ControL of weeds, diseases, and insect pests of rice are 
necessary to reach satisfactory levels of production in any 
type of rice culture. Planting rice in rows facilitates the 
use of small weeding devices and hand ap 

f 
Pications of 

chemicals to control important pests. A 1 types of rice pests 
tend to be more abundant on land cropped continuob;ly to rice 
but their abundance can be reduced substantially when rice is 
rotated with other crops, especially row-crops, in which weeds 
and other pests are controlled. 
for nutrients, sunlight, 

Weeds compete with rice plants 
and moisture and should be removed or 

controlled early in the growing season to avoid severe yield 
reductions. Disease organisms, rodents, and insects may live 
and multiply in crop residues or weeds and trash at the edges 
of fields. Clean cultivation will. help to keep harmful insect 
and rodent populations to a minimum. The growing of varieties 
that are resistant to specific diseases and insects helps to 
reduce the abundance of these pest organisms. Rodents and 
birds sometimes damage the rice crop severely and they should 
be controlled insofar as possible. 

Insects which can prove very harmful to rice production 
in various parts of the world include the gall midge, several 
species of stem borer, the green leaf hopper and brown plant 
hopper which are vectors or carriers of virus diseases, the 
rice water weevil, and the rice stinkbug. Part-ial to sometimes 
almost complete control of some of these pests may be provided 
by using good agronomic practices, 
able insecticides, 

timely applications. of suit- 
and growing resistant varieties, when available 

Diseases which can be very damaging include blast, which 
may be especially severe in upland rice, tungro virus and other 
viruses which may be very severe in some rice-growing countries, 
bacteria!. leaf blight, and several other seedling, folier and 
stem diseases. Effective control of these diseases depends on 
the use of good agronomic practices, including timely but not 
excessive applications of N-fertilizer, breeding for resistance 
as new varieties are developed, and, in some cases, chemical 
applications to control the diseas,e organism or the insect vector, 

Weeds in rice fields may best be controlled by a combination 
of practices including thorough preparation of the soil-prior to 
seeding or transplanting the rice, timely application of suit- 
abEe chemicals, clean cultivation of rice growing in rows, and 
hand weeding. Control of weeds in other crops grown in rotation 
with rice also is very important. The use of herbicides for 
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d control has greatly increased in rerjent years. However, 
is very important to use suitable rates and timing of 
cific herbicides that will kill the weed species present 
hout severely or permanently damaging the rice crop or 
acent fields of other cro 
hods of controlling ,speci % 

s. A very recent development in 
ic weed s ecfes is the ControY. 

northern jointvetch (curly indigo) P n rice fields by 
raying millions of artifically propagated spores of the 
ganism which causes an anthracnose disease on the weed, 
e method was developed by Smith and co-workers in Arkansas 
ooperative research, U.S. Dept. Agr. and Arkansas Agr. 

The disease organism has not affected numerous 
nd crop species tested to date. 

Weeds and insect pests and diseases that are serious on 
vary greatly from region to region. ltt is highly 

sential to identify a potential outbreak of important pests 
soon as possible, so that treatments for their control can 
used on each pest at its most vulnerable stage, 

For further information on Crop Protection, see Chapter 
in the book -- "Tropical Agriculture" by Wrigley. (Reference 

ist following Chapter 40). 

Upland Rice Troduction 

Upland rice is sometimes termed "dry-land paddy", despite 
e fact that successful non-irrigated rice culture is largely 

onfined to regions where rainfall during the growing season 
s such that the soil is continuously moist, Rice is a heavy 
ser of water, and upland rice will yield well only with abundant 

Regions having periods of 4 to 6 months with 130 to 
80 millimeters of well distributed rainfall each month, have 

potential for satisfactory upland rice production. Rice 
oes not tolerate dessication, especially during flowering, at 
hich time the panicles are emer ing from the boot or sheath 
f the flag leaf (uppermost leaf !? and pollination of the fiorets 
re taking place. 

Soil type is an important factor in upland rice production 
ce it affects the soil's moisture holding power. Deep soils 
t permit extensive root rowth and have the texture and struc- 

ure to receive and hold su stantial amounts of rainfall, usually % 
re most productive. Rice has an advantage over other upland 
ereal grains in being more tolerant of acid soils and less 
ensitive to occasional water-logging. 

Upland rice is suited for crop rotation systems which 
r staple croFs such as an oilseed crop, cassava, 

sorghum and legumes. 
Lons of iesser rainfall. 

The alternate crops are 
Upland rice is classed 
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as a soil erosive type of crop on land with 5% or greater 
slopes, but erosion may be controlled by the same measures 
as those that are effective with maize, sorghum, and millet 
(See Chapter 4). The maintenance sf soil productivity may 
be enhanced by a regular sequence of a forage or fodder crop 
alternating with the tilled cropI where such feed cro s 
would support a livestock enterprise. Forage crops a d in P 
suppressing annual weeds; they also contribute organic matter 
when turned under, and the forage crop root systems tend to 
improve soil structure and general soil fertility. 

The fertilizer needs for upland rice must be evaluated 
in terms of moisture availability as well as inherent soil 
fertility. Nitrogen is the major nutrient requirement, and 
fertilizers carrying nitrogen as ammonia compounds are pre- 
ferred. Addition of phosphate and potash fertilizers may 
be needed on upland soils, but amounts required are less than 
for nitrogen. The amount and types of fertilizers needed to 
produce high rice yields should be determined by field research 
on re,resentative soil types, or ff such research is lacking, 
by laboratory tests on representative samples of field soil 
to estimate phosphate, potash, and nitrogen needs. Under 
generally favorable, high-moisture conditions, with high-yield- 
ing varieties good cultura'. practices, and adequate pest con- 
crol, upland rice may respond to nitrogen fertilizer rates of 
40 to 86 kg/ha of elemental N. When available animal manures 
up to 20 metric tons per hectare may replace part of the 
commercial fertilizer. Under upland rice production it may 
be necessary to distribute several rather small applications 
of nitrogen fertilizer during the growing season to obtain 
satisfactory grain yields. 

The varieties best suited for upland rice culture may not 
be the some as those that are most productive on wetlands but 
many of the new improved lowland varieties also outperform 
indigenous varieties under upland conditions. Less breeding 
work has been done specifically on upland than on lowland 
(wetland) rice but a considerable number of improved varieties 
which produce reasonably well on upland fields are known to 
researchers in various countries. An initial, well-planned 
field performance test should be conducted to determine 
edaptaeion and yielding ability of all available improved 
varieties, as a prelude to selection of one or two superior 
varieties for a specified region, In a given area varietal 
responses may differ greatly and choice of a variety may pro- 
foundly affect economic returns, 
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Upland rice is best seeded in rows for convenience in 
weed control, for treatment of pests, and for harvest. 
Spacing between rows may vary from 35 to 50 centimeters. 
Suitable seeding rates range from 100 kg/ha for low-tiller- 
ing varieties, to about 70 kg/ha for high-tillering varieties. 
The more productive soils will support heavier rates than 
sandy or other less productive soils. 

Harvesting and Threshing 

Traditional harvesting of rice has been done by hand, 
and in some places each panicle was cut off separately with 
a small knife. The use of hand sickles has increased and, 
while still laF\orious, permits selective harvesting of smalS 
areas in fields of the older indigenous varieties which may 
ripen unevenly. With the newer varieties and improved cul- 
tural methods involving thick stands of plants that ripen 
more uniformly, machine harvesting has become feasible. 
Prompt harvesting ,of the ripened crop, followed by immediate 
land preparation and planting of the next crop often makes 
it possible to grow two to three crops of rice or other 
desired crops per year on the same land, where water supply 
and seasonal weather is favorable. 

When the rice crop is cut with a sickle, the harvested 
stalks and panicles are spread out to dry in the sun. After 
a short period of drying the rough rice or paddy (the grain 
with enclosing lemma and palea) is threshed. In some areas 
and under some conditions, the rice stalks are tied in bundles 
and, after some drying takes place, these are placed on dry- 
ing racks or in small shocks or stacks to be left for later 
threshing. Better quality rice and less kernel breakage 
occurs if threshing is completed within a few hours after 
cutting. 

Direct-seeded rice which is mechanically harvested usually 
is cut at a grain moisture content between 18 and 21%. The I 
large combines which generally cut a swath 3 to 4 meters wide 
have powerful tractor engines to propel the big wheels of the 
combines overthe often muddy soil. In addition, the same or 
a supplementary power unit, operating through a series of dr+ve 
belts and pulleys, turns the cylinders for threshing the grain, 
drives the shakers to separate the grain from the straw, and 
elevates the clean grain into a temporary bin on the combine. 
Grain is unloaded from this bin by a power-driven, screw-type 
conveyor into a larger bin on a grain cart which is then pulled 
by a tractor to the edge of the field. This grain cart is 
similarly emptied into a large trudk which then is used to haul 
the grain to a large commercial dryer. Artificial drying with- 
in a few hours following harvest is needed to reduce the moisture 
content to about 14% for safe storage. 



Hand harvestin 
slowly over a hard !? 

rice may be threshed by driving cattle 
loor on which sheaves of rice have been 

laid, to separate the paddy from the stalks. A more satis- 
factory practice is to beat the sheaves of the crop against 
a block of wood, or a threshing ladder standing in a tub to 
collect the grain. 
ingly common, 

Machine threshing has become increas- 
using a variety of machines, which have cylin- 

ders or drums with projecting pegs that act as flails to beat 
the paddy from the stems. Hand or foot power for these 
machines is being replaced by small engines in more advanced 
ric2 growing regions, and new types of small threshers are 
being designed and manufactured. 

Winnowing to separate the grain from chaff is predomi- 
nantly done by hand when the wind is blowing, by tossing the 
grain into the air so that lighter weight foreign matter is 
carried beyond the pile of grain, Modern threshIn 5 machines 
include adjustable air blasts to aCComplish winnowing, after 
separation of straw from the grain by screening. 

Drying and Storage 

FreshSy threshed rice may spoil rapidly when exposed to 
high temperatures, high moisture content, molds, and foreign 
matter. Prompt cleaning to remove all straw, chaff, joints, 
and weed parts will speed drying and lessen danger of spoil- 
age and insect damage. Threshed grains generally are sun- 
dried on concrete or other hard surfaces, or in grain dryers. 
!&en grain is dried artificially, 
first, 

it must be dried slowly at 
From an initial moisture content of 18 to 21%) the 

gaddy should be gradually dried down to about 13 to 14% mois- 
tune. Rapid drying causes checking or cracking of the kernels, 
thus producing an excessive percentage of broken kernels when 
the rkce is milled. 
Zhe ambient air 

To avoid damage from artificial drying, 
temperature should not exceed 120 F (49 C). 

Moisture can be removed from the grain by a series of passes 
t*hrough a batch dryer or a continuous flow dryer. After the 
noisture content has been reduced to about 16L moisture, and 
proper faciflities are available rice may be further dried 
WhiPC! stored in on-the-farm aerated bins with artificial heat 
added. The safety of such storage and the amount of drying 
possible, depends on the temperature and moisture content of 
the outside air being forced through the grain. 

Nce can be stored satisfactorily in the hull (paddy) 
acter Et is dried to I.3 to 14% moisLtire, but special pre- 
cautions are needed to prevent insect and rodent damage. 
Higher moisture content fosters growth of molds, results in 
kernel discoloration, Gnd accelerates any insect infestations. 
Officially approved insecticides that are not hazardous to 
the ultimate consumers should be used to protect the grain 
from stored grain insect damage. 
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Milling and Processfng 

The modern mUling process removes the hulls, removes 
the bran-layer from the brown rice, and poPishes the milled 
kernels in successive stages so as to produce a high pro- 
portion of whole kernels. Milling the grain at 113 to 14% 
moisture is preferred over higher or lower moisture oontents. 
Commercial mills are generally capable of producing a total 
millled rice recovery equal to about 65% or more by weight 
of the original paddy. 

Milling yields may average 45 to 60% head rice (whole 
to 3/4 whole kernels), i0 to 20% broken grains, about 3% 
brewers rice (small broken kernel pieces), and about 18% 
rice bran. The primitive types of rice m:Llls still widely 
used on rice for home consumption, dehull and polish the CIwn 4%-i tj& ca.LL& in one operation, but produce a higher percentage of 
broken kernels and waste much of the bran. The by-products 
of commercially milled rice (brewers' rice and rice bran, 
etc.) have substantial market value, and these products 
make commercial milling more attractive economically. 

In some cases, ___ particularly in Japan, much of the _ -_ . rough rice (paddy) is shelled (hulls are removed) and the 
resulting brown rice is stored until just before it is to 
be consumed. 
rice. 

Then it is milled and used as freshly milled 
Kernel.8 of rice that have been freshly milled tend 

to stick together more when cooked than do kernels of the 
same type rice that has been stored after milling. Usually 
it is the short- or medium-grain type rice that is consumed 
as a freshly milled product. Long-grain rice of typical 
quality for consumption in the United States (U.S.A.) usually 
is stored for several months as milled rice before bein 

E 
sold 

to the consumer. The kernels of this rice prepared in oil- 
ing water cook up "dry and fluffy" and individual kernels 
maintain their identity even after cooking. This is in con- 
trast to the short- and medium-grain types that tend to 
form clumps after cooking. 

People in different countries prepare rice in various 
ways but, in general, a certain type of rice which can be 
cooked in a specific way usually is preferred by any one group. 

Marketing 

The majority of the rice crop produced annually, in most 
parts of the world, is consumed in the same area where grown. 
Recently, additional countries have started exporting rice 
in years when their total production has been sufficiently 
high. Usually this has necessitated developing some type of 
grading system and formation of farmer cooperatives or govern- 
tal agencies for orderly processing of the crop. This also 
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requires the constructing of suitable drying and storage 
facilities and development of a satisfactory and manage- 
able marketing system. 

In the United States (the leading rice exporting country), 
a detailed system of government rice grading and an exten- 
sive network of commercial driers, mills and processors has 
been developed, Rice may be shipped by huge trucks or in 
railroad cars to seaports for transporting to other countries c 
throughout the world. A worldwide system of brokers handle ( 
many of the details of buying and selling the rice. In 
other countries, much of the movement of rice is under 
supervision of government representatives. 

Economics of Rice Production 

The main advantage of the use of improved technology and 
the growing of improved, well-adapted varieties that are 
short-statured, non-lodging, and high-yieldin , is the greatly 
increased total yield per hectare over that o f traditional ri.ce 
production. These yields may be as much as 2-to-4-fold great- 
er than from traditional production methods and varieties. 
An even more revealing estimate of advantage is the actual 
total cost of production per metric ton of milled rice. How- 
ever, an additional factor of some significance to the rice 
grower is the feasibility of utilizin the improved technology 
to carry out multiple cropping (2 to 4 crops per year), either 
with successive rice crops or growing other crops in rotation 
with i: ice, The net effect should be that of increasing total 
ye:L- y farm income. In addition, production of additional 
foou crops can increase the types of food available and can 
result in improved nuxition for the people. 

In the Philippines, the International Rice Research 
Institute has made detailed studies, of which only cs few key 
data are cited here: single cropping with rice by traditional 
methods produced only l/5 of the net returns achieved by double 
cropping with improved technology using superior varieties on 
Lrrigated fields, With rainfed rice, use of improved culture 
and varieties doubled net returns to the growers. In these 
studies, the sizes of the farms were large enough to fully 
utilize the labor of the operator and his family. It should 
be noted that yields per hectare were increased about 3-fold 
from use of improved culture and varieties, to produce doubled 
net returns from marketable rice. These yield increases were 
made possible by growing varieties that were non-lodging and 
resistant to major insect pests and diseases and that respond 
to heavier nitrogen fertilization. Eand preparation, planting,, 
weed control, harvest, threshing and drying were effectively 
handled. The net result was to produce a larger crop and to 
preserve a higher percentage of that crop for market, It j.8 
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obvious that in order to increase net returns, all labor 
and materials used should produce increases in net crop 
value substantially above the total costs of such labor 
and materials. It is essential ' iat all practices and 
materials be carefully evaluated as to their contributions 
to net crop values. and to concentrate on thoee that 
increase final returns with less than proportionate costs. 

1. 

2. 

3. 

4. 
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Maize As A Food Crop 

Maize or corn as it is commonly referred to in many 
parts of the world is widely used as a food crop in the 
tropics and subtropics; it has the heaviest usage in Latin 
America on a per capita consumption basis; but Africa follows 
closely despite the expanses of drier climatic zones where 
sorghum and millet are better adapted than maize. Maize 
production also assume8 major proportions in the Asiatic 
countries of India, Indonesia, Pakistan, Philippines, Thailand, 
and Turkey. Rice replaces maize on wet lands of the tropics 
and subtropics, and wheat competes with maize as an important 
cereal in many regions as an irrigated crop in the dry season. 

Maize is a food- crop that is rich in starch or carbo- 
hydrates, averaging about 71% on a worldwide basis, but 
comparatively low in prctein (,9.5%). The germ contains 
nearly all of the oil and approximately 20% of the whole 
kernel proteins. The germ protein is of good nutritional 
quality whereas the endosperm protein is deficient in two 
essential amino acids, lysine and tryptophan. Thus, when 
maize is prepared for food, it is more nearly balanced nu- 
tritionally if the germ is included in the final product. 
Being largely starch, maize grain is an energy food. It 
should be supplemented with protein foods, such 88 animal 
product8 and grain legumes or oilseed meals, and with other 
foodstuff8 to supply vitamin8 and mineral8 to produce a 
balanced human diet. 

In recent years, a mutant form of maize (opaque-21 in 
which the kernels have a floury endosperm has been found 
to be much higher than common maize in content of two nutri- 
tionally essential amino acid8 - 'lysine and tryptophan. 
Nutritional 8tUdie8 with malnourished children show that 
"high-1ysine" maize is a much more satisfactory food than 
common maize and will largely prevent the occurrence of the 
nutritional diseases - kwashiorkor and marasmus. Intensive 
breeding program8 to transfer this trait to varieties for 
general use are now under way in a number of countries, and 
high lysine types are commercially available in some, a8 in 
Brazil, Colombia, the United States, Vietnam and the U&S-R. 
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MAIZE &/ 
(Zea mays) 

11 Edited by Steve A. Eberhart, Research Geneticist and Professor. Plant Breed- 
ing and Genetics. North Central Region, Agricultural Research Service, U.S. 
Department of Agriculture, in cooperation with Iowa State University. hea, 
iowa 50010 and George F. Sprague. Professor, Plant Breeding and Genetics. 
Agronomy Dept., University of Illinois, Urbana, Illinois 61301. 
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I Maize grain enters into livestock feeding only to a 
~ limited degree in Latin America and Africa, particularly 

for pig8 and poultry, and greater usage for this purpose 
may become feasible when total maize production increase8 
beyond the amounts needed for human food. The following 
discussion focuses on maize as a food crop. It is highly 
important to substantially increase maize yields and there- 
by reduce costs per unit of crop. These improvements will 
permit growers to achieve greater net return8, provided 
prices are regulated to allow growers to benefit from en- 
hanced productivity. 

In the "Corn Belt" of the United States, average yields 
have been increased about three-fold since 1940, as a result 
of the development of high-yielding hybrids, and such asso- 
ciated cultural practice8 a8 adequate fertilizer applications 
heavier plant populations, pest control, and more efficient 
harvesting methods. Western Europe has adopted similar 
breeding methods and technology on culture, with similar 
results where all effective practice8 are combined. 

The improvement of maize production, with attendant 
reduction in costs per unit of crop and the opportunities 
for improved net returns to growers, is moving into the 
tropics and subtropics. Some of the research and technology 
developed for corn p;roduction in temperate zone8 may be 
adapted to tropical and subtropical conditions. Other fac- 
tors require adaptive or original research in the tropics, 
and progress in conducting such research is now under way 
in a considr *able number of countries. 
undertakp 

The following pages 
d consolidate the available information directly 

applicable to tropical regions, and to indicate some research 
approaches that are needed and should produce highly useful 
and usable results, 

Ecological Adaptation of Maize 

Maize thrive8 in warm sunny climates where moi8ture 
supply is adequate during the growing season. The occurrence 
of dry period8 during the growing season may adversely affect 
the crop if soil. moisture supplies are exhausted before rain8 
recur. The most critical tfmes in the growth period of the 
crop as to moisture needs occur8 during the time of tasseling 
and pollination, but the period of kernel fil_ling is alsO 
important. Sorghum and millet tolerate dry periods during 
the growing season better than maize and are generally more 
productive where rainfall is uncertain or characteristically 
limited during the cropping sea8on. Some evasion of moisture 
shortages can b 3 achieved by growing varieties with shorter 
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growth periods that can be planted and matured before mois- 
ture shortages become acute, Also 0 selecting the deeper 
soils that have greater moisture storing capacity, and ma- 
naging these soils to store rainfall most effectively, will 
permit maize production in regions where average rainfall 
on upland soils is inadequate for profitable maize yielde. 

Maize is typically adapted to soils of high fertility 
that are deep and well drained, The crop requires an abun- 
dance of nitrogen, and liberal amounts of phosphates and 
potash. It prefers soils of not more than moderate acidity, 
and having considerable amounts of caPcium, magnesium, and 
sulfur. The crop is sensitive also to deficiencies in the 
trace elements, partizularly zinc and boron. The limited 
evidence from tropical research suggests that on some highly 
weathered upland soils, some of the trace elements - copper, 
zinc, boron, molybdenum, manganese, and iron - may be in 
short supply for profitable corn production. 

The soil depth is important from the standpoint of 
moisture supply to the plant during critical growth periods. 
Maize has the capabiiiity of rooting to depths of 1.0 to 1.5 
meters on favorable soils. If the soil profile is at field 
carrying capacity to sxh depths at time of tasseling, maize 
will meet its moisture needs for 10 days to 2 weeks, without 
addFtiona1 rain,, Lacking such moisture reserves in the 
soil, msize yields may be severely reduced by short-term 
droughts. Maize roots cannot function or survive in water- 
logged soils, and this crop is not suited to soils with 
imperfect internal drainage, even though not flooded at the 
surface. 

Plant Characteristics 

Maize is a coarse-leafed member of the grass family. 
It shows great variability between regional types and strains; 
stalk heights may range from 1 to 8 meters, and stalk dia- 
meter from 1,5 to 4.0 cm. The stalks are filled with pith, 
which serve as the storehouse for food produced in the leaves 
prior to translocation td developing kernels on the ear. 
There may be several to no tillers for each main stalk, but 
production of ears occurs mostly on the main stalk. The 
stem (stalk) is jointed with one leaf borne at each node, 
and a bud at the base of each internode within the leaf 
sheath that clasps the stalk. One or more of these buds 
develops into an ear shoot which bears the ovaries'which 
develop into kernels after pollination. Each ovary has B 
long style ("silk") that protrudes beyond the modified leaves 
that form the husks of the ear, and polfen falling on the 
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silks germinate and gr3w thro*ugh the styles until they reach 
the ovaries and cause fertilization. The tassels borne at 
the top of each stalk, produce pollen only, and this pollen 
is blown onto the silks of neighboring plants. 

Maize is a highly productive crop, largely because of 
the abundant leaf growth, and the high level of photosynthe- 
tic activity in the leaf. Not only is there a large amount 
of chiorophyll bearing tissue in the leaf blade, but all 
vascular bundles in the leaf are sheathed with such tissue. 
After the plant reaches full size, the photosynthetic pro- 
ducts (sugar, starch, and nitrogenous compounds) are stored 
in the leaves or stem until pollination of the ear occurs, 
after which these materials are transferred to the developing 
kernels. 

Maize Breeding 

Maize is a completely "cross-pollinated" species, and 
the kernels from a single ear will produce plants having 
considerable variability in plant and ear characters. Maize 
pollination is facilitated by having the male flowers in 
the tassel and female flowers in the lateral inflorescences 
(ears), but breeding programs to concentrate desirable here- 

; ditary traits into single strains requires man% control 
of pollination and fertilization in every plant generation. 

Inbred lines of maize are produced by continuous self- 
fertilization (transferring pollen from the tassel to the 
silks of the same plant) accompanied by visual selection 
for vigor, disease and insect resistance and such quality 
traits as may be of local importance. After 3 or 4 genera- 
tions of self-fertilization, the Pines have become stabilized, 
each line having its own distinctive appearance. These lines 
are then evaluated in hybrid combinatbons either as top-crosses 
(Inbred x Variety) or single crosses (Inbred A x Inbred B). 
The great majority of each test-cross hybrids will exhibit 
no marked improvement over the locally grown varieties. 
A very small percentage of the test-crosses will exhibit 
sufficient merit (productivity, insect and disease resistance, 
etc.) to justify additional testing. Finally only the very 
best of these hybrids will be recommended for commercial 
production. 

When superior hybrid types have been created, seed must 
be produced each plant generation by excluding all foreign 
pollen, and insuring that only the desired parents are in- 
volved in each seed crop. In the major maize growing regions 
of temperate zones, hybrids between selected inbred lines, 
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that have proven productive, are in co~~~~ercial plantings. 
However, in several tropical re 
program that used hybrids 

ions, an accelerated breeding 

between selected races has produced 
highly productive varietal hybrids,, Thus in Kenya, a hybrid 
between a selected Ecuadorean collection and a specific East 
African variety proved to be highiy productive, and has be- 
come widely grown throughout eastern Africa above 1600 meters. 
Continuing plant selection within each parental variety has 
further enhanced the productivity of the varietal hybrid, 

Reasonable success has been achieved also in producing 
“synthetic” strains of maize by intercrossing several races 
found to produce superior variety crosses and allowing these 
to cross pollinate. 
“synthetics” 

Growers may save their own seed of 
for a few years with only slight losses in 

vigor except through contamination by outcrossing to unim- 
proved local strains. 
synthetics are 

It should be emphasized that superior 
produced only by extensive testing of the 

races and lines to determine which ones may be combined to 
produce the desired results. Then these varieties should 
be selected for higher yields and better agronomic characters 
by the ma%ze breeder. These new selections may be released 
at periodic intervals after their merit has been demonstrated, 
Under this system, a farmer might be expected to receive 
new seed of an improved 
generation. 

4:ype every third or fourth plant 

Except for use of specially designed synthetic varieties 
where farmer selected seed may be used, all planting seed 
should be that produced by seed growing organkation, meti- 
culously monitored by inspection agencies. This is needed 
CO insure thaz the production of seed has been handled so 
as to retain its identity, and that cross pollination has 
followed the procedure known to produce the hybrid vigor 
of designated crosses. 
germination, 

Moreover, the seed should have high 
and have been treated to control insects and 

diseases that attack germinating seeds and seedlings. The 
cost of good seed is but a small part of the total cost of 
growing a maize crop, but it often constitutes a controlling 
effect on ultimate yield. 

Field testing of available hybrids or synthetics in 
important maize growing regions, 
ductive types, 

to determine the most pro- 
is a service that government or other public 

agencies should provide to maize growers. These tests should 
be conducted with the cultural practices adapted to the soil 
and climatic conditions that prevail, that permit full ex- 
pression of yield potential. 
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Although many superior maize hybrids have been deTreloped 
for the United States and Western Europe, virtually all of 
these have proved unadapted and inferior in the tropics and 
subtropics, Dependence must be placed on breeding programs 
conducted in the regions to bc served. 

~ 
I Excellent breeding programs are underway throughout 

the tropics and subtropics. Superior breeding populations 
have been developed and are under selection for even greater 
superiority, These can be released as synthetic varieties 
or used as parents for variety-cross hybrids. These varieties 
and hybrids have a wide range of adaptability within altitu- 
dinal zones. 

The nutritional superiority of high-lysine maize has 
been well established. The substitutton of hi h-lysine for 
normal maize would be desirable in all areas k w ere maize 
provides a substantial portion of the protein and caloric 
intake; However, the development of acceptable high-lysine 
types poses several breeding problems. High-lysine maize 
is typically characterized by a floury endosperm texture 
which is associated with a reduced kernel weight and there- 
fore lower yield, and some increase in susceptibility to 
ear-rots and to damage by stored insect pests. Each of these 
undesirable properties could be corrected or minimized by 
the developmen t 
norm81 texture. 

of high lysine types with normal or near 

A large number of genetic factors exist which modify 
the floury texture of opaque-2 in the direction of normal 
texture, Unfortunately, some of these modifiers also reduce 
the percentage of lysine and tryptophan to near normal levels. 
Under such conditions, reliance in maintaining the desirable 
chemical properties must be based on either colormetric or 
amino acid analyzer verification, Considerable success has 
been achieved in both Colombia and CIMMYT in developing 
harder-textured, high-lysine types. Complete yield compa- 
rability has not ye: been achteved, but it appears this * 
should eventually be possible. 

Maize Culture 

Seed Bed Preparation 

Maize is customarily planted on land that has been tilled 
to incorporate any crop residues on the field, as well as 
animal manures that are applied and to destroy perennial weeds. 
The tillage should leave the soil surface somewhat roughened 
to facilitate penetration of rainfall and to minimize runoff 
and erosion losses. Beyond the?& requirements, tillage of the 

..- 
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land appears to have minima'PI effect orL ultimate yields. 
It is important to have mellow, moist soil in which to plant 
seed, so as to stimu9late prompt ermination and rspid esta- 
blishment of seedlings. 

Piantings should be made in rows for convenience in 
weed and pest control, and for harvest. Rows should run 
across the prevailing slope of the land, following contour 
levels, to retard runoff and minimize soil erosion losses, 
Row spacings are generally 76 to 100 centimeters. 

Fertilizer is best applied in the rows, preferably to 1 one side and below the level of the seed, but not in direct 
contact with it. Since many tropical soils have excessive 
phosphate fixing power that converts fertilizer phosphorus 
into inert, FnsoEuble fron and/or aluminum phosphates and 
since the movement of phosphates is negli ibfe, broadcasting 
phosphate fertilizer is generally a waste ul practice, Phos- !? 
phate as,d potash fertilizer should be positioned in the soil, 
below and slightly to the side of the seed, However, nitrogen 
fertilizers may be broadcast without loss in effectiveness 
since they enter the soil with the rains and remain soluble 
in the soil moisture. Where other factors are not llmbting, 
S.50 kg of nitrogen (N), ~0 kg of phosphate (P 05), and 156 
kg of potash (K20) per hectare must be availa 1e to support g 
grain yields of 7 metric tons per hectare,, The amount of 
chemical fertilizer to be applied to each field should be 
adjusted to recognize two factors: (1) the projected maize 
yield that appears attainable in the locality, and (2) the 
current Petrel of fertility in the soil as determined by 
observed responses in fertilizer trials and by soil tests. 
Fertilizer should be supplied in amounts needed to augment 
soil fertiifty as needed to produce desired yields and ani- 
mal dung may be substituted for part of the fertilizer. 
Wdth hand planting of seed, a shallow furrow should be opened, 
the fertilizer should be placed first, covered about 2 cm 
deep with soil, then the seed dropped and covered with 2 
to 4 cm of soil. 

Plant densities shouhd be adjusted to fully utilize I I soil Ilertxlrty and Moisture supply, and the productive ca- 
pacFty of the hybrid or synthetic. Excessive densities on 
infertile soils or those with limited soil moisture at cd- 
zical growing periods will actually reduce final yields. 
Thirty thousand plants per hectare (100 cm by 33 cm spacing) 
may provide full occupation of less productive soils, where- 
as a maximum of sixty thousand plants per hectare (70 cm 
by 24 cm spacing) may be needed to fully utilize highly fer- 
tile soils where moisture is abundant. 
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Time of plantin 
sons 6 ---I+ 

in regions that have wet and dry sea- 
as provea to e very important. Early planting either 

immediately before rains are expected to begin, or promptly 
after the first rains, characteristically produce hi hest 
yields. 'The causes of reduced yields with delayed p !i 
are complex and not fully understood. 

anting 
Availability of nu- 

trients a~ affected by soil temperature, moisture and aera- 
tion is involved. The response to nitrogen fertilizer is 
much less in late planted than in early planted maize. Pests 
can further reduce yields as they are usually more serious 
on late plantings. Whatever the true reason, the advantages 
of early planting are well docswnented, and the farmer can 
easily plan his operations to take advantage of this situation. 
No specific recommendations are made herein on treating seed 
with appropriate fungicides and insecticides before planting, 
since such treatments must follow in-country regulations. 

Cultivation 

The principal function of cultivation is to control 
weeds. However, weeds may be suppressed by hand pulling, 
hoeing or cultivating, or by application of appropriate 
herbicides. These various methods are effective only to 
the extent that weeds are killed early before they dama e 
the maize plants by competition for soil nutrients and !i! or 
soil moisture. Damage to the maize plant root system from 
weed competition may be halted but not corrected when the 
weeds are killed. If removal of the weeds damages the root 
system of the maize plants, 
affected. 

crop yields will be severely 
This is particularly true if weed removal is 

accompanied by shortage of soil moisture that prevents re- 
generation of the damaged crop root system. 

Weed control by application of appropriate herbicides 
is effective, and avoids physical damage to the crop root 
system, but the cost is substantia!! and each herbicide must 
be used as prescribed by the manufacturer. Different species 
of weeds require the use of appropriate herbicides; sometimes 
mixtures of two or three are needed to cope with all species. 
A few herbicides leave .a residual toxicity in the soil that 
affects other succeeding crops. Chemical control measures 
for weed control usually produce the greatest benefits when 
applied while weeds are still small or before germination. 

Pest Control 

Insects, diseases, and birds are always troublesome 
and may be decisive in effects on yield. Where feasible, 
the most useful control measure is the development a+ LZ 
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of synthetics or hybrids that are resistant to specific 
pests, As mentioned earlier, prompt planting is often use- 
ful in evading the most severe depredatfons, Growing maize 
on the same land in successive years tends to build up da- 
maging populations of the pests, A seasonal rotation of 
crops to other fields may be quite useful, 

Further defensive measures may be possible, but these 
must be developed to combat the specific pests that are 
present in the light of their individual characterfstics, 
It cannot be assumed that the same pests atr:.ack maize wher- 
ever the crop is groq4n. Also, in some caseiip apparent%y 
similar pests may have different life histories and have 
to be combated by different means. The common diseases fn- 
elude leaf blights, rusts, smut, mildew, virus and rots of 
the root, stalk and ear, These diseases are more serious 
when humidity is high, The parasitic witchweed can reduce 
yields under certain environmental condjtions. Serious 
insect pests include cutworms, wireworms, Z:ldworms (earworms), 
stem borers, root worms, chinch bugs, aphids and leaf eating 
insects, Storage insects include weevils sni grain moth. 

Because of the large Interactions between time of planting, 
improved varfeMes, fereiS.~zers, weed control, pliant densities, 
and pest control, all inpt; ts end improved cultural practices 
must be adopted simu ieijlneously for economic increases in maize 
production. 

Maturation and Harvest 

The maize grain crop 5,~ mature when the kernels reach 
the '"hard dough" stage,, The time of physiological maturity 
is accurately determined by the development of the "black 
l12yi%g' at the point of attachment. Translocation ceases 
w”hen It’ni s black lagrer forms. From this stage onward, ripen- 
ing consist s of moisture Boss, which may be quite rapid if 
the weather is dry, When fully cured, maize kernels should 
have PO to 12% moisture as the grain will store without 
molding at this moisture content. Lf birds or other pests 
cause serious field damage to ripening corn, the crop may 
be harvested at the hard dough stage and dried under protected 
conditions. 

?ests of Stored Grain 

The greatest hazards to stored maize are (1) mo'J.ding 
when moisture content is too high, (2) insect dama e - grain 
weevils i grain moth larvae, and meal worms, and (3 rodents, P 
Grain infesting insects are often brought in from the field 
at harvest, or they may remain in storage areas from season 
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to season. Storage losses are heavy in warm climates and 
damage may be serious in relatively short periods. Treat- 
ment of the empty storaie areas,, and treatment of all grain 
as it enters storage irrespective of apparent infestation, 
is necessary and relatively inexpensive. Infested empty 
storage areas and empty containers may be disinfected with 
a weak solution of malathion, an insecticide that is rapidly 
degraded and leaves no toxic residue. 

A widely used fumigant for treating grain to destroy 
insects in commercial storage is methyl bromide. This chemi- 
cal should be used at the rates and in the manner prescribed 
by the manufacturer. 
storage container, 

The grain should be placed in a closed 
and the solution applied to the top of 

the grain. The vapor &rom the solution is heavier than air 
and settles downward through the grain. The vapor is toxic 
to man and must be used with proper precautions. Another 
chemical for' treating stored grain is less toxic to man and 
better suited to on-farm treatments. This is a mixture of 
three parts by volume of ethylene dichloride and one part 
carbon tetrachloride applied as a coarse spray or sprinkled 
on the surface of the grain. Even this mixture must be used 
with caution to avoid injury to humans. It should be used 
as prescribed by the manufacturer. 

Although the fwl:ies of methyl bromide and of ethylene 
dichloride-carbon tetrachloride are toxic to man, there need 
be no danger to the applicators if precautions are taken 
to avoid inhaling the fumes. Moreover, these chemicals leave 
no residue on the treated 
damaged in their value as f 

rain, and such grains are not 
oodstuffs. 

An alternate insecticide is malathion. Malathion is 
one of the most useful insecticides for treatment of grain 
and seed to be protected from insects attacking grain in 
storage. Emulsion sprays prepared from premium grade 57% 
malathion emulsifiable concentrate, diluted by adding 100 
cc to 4 liters of water, and applied as a mist spray uniformly 
to 15 metric tons of grain, gives good protection for 2 to 
3 months. It is essential that grain and seed be treated 
promptly as it comes from the field and enters storage. 
Also, retreatment will usually be necessary in 2 to 3 months 
to prevent insect multiplication, since malathion degrades 
and becomes harmless in a relatively short period. 

All insecticides can be injurious to man and animals, 
unless handled carefully. Follow the directions and heed 
all precautions on the insecticide labels. 



- 72 - 

Keep pesticides in closed, well-labeled containers in 
a dry place, Store them where they will not contaminate 
food or feed, and where uninformed adults and children can- 
not make improper use of them, Promptly dispose empty pesti- 
cide containers; do not use them for any other purpose. 

Special Storage for Seed 

Seed storage in warm humid climates is a problem for 
all types of crops, However, research haz shown that good 
viability is retained for one year when seed is 

% 
romptly 

dried at harvest time to a moisture content of 8., and main- 
tained at that level or less, for the storage period. The 
viability is retained for much longer periods if the dry 
seed can be stored at temperatures of 10°C or lower. This 
would be important for planting seed to be held two years 
or longer. 
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CHAPTER 7 

SORGHUM (Sorghum bicolor) 11 

Although sorghum grown as a food crop appears to have 
originated in Eastern Africa (Ethiopia and Sudan), it was 
extensively grown throughout Africa from earliest historical 
times and has been widely adopted in the Americas and Asia 
as well as in the Mediterranean and Near East regions. It 
is the fifth most important cereal grain in the world, out- 
distanced only by rice, maize, wheat and barley. However, 
it is still a relatively undeveloped crop from the stand- 
point of benefiting from modern science and technology. It 
offers much promise of increased productivity in the hands 
of cultivators, as present knowledge and improved types are 
more widely disseminated. The following sections deal with 
the practical aspects of production in tropical and sub- 
tropical regions, and the apparent opportunities for improve- 
ment. The International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT) at Hyderabad, India has included 
sorghum as one of its four major crops for which it will be 
primarily responsible for worldwide research and training 

: support. Tine other cereal is millet. ', :, 
'i I’ Sorghum Grain As A Food 

Sorghum grain is primarily an energ focdstuff, since 
the major food constituent is starch (70,). The crude pro- P 
tein content averages about 9%, and oil content 3.5% but 
there is a great range among varieties. As a major food in 
the diet, it should be supplemented with high-protein foods, 
such as animal products, food grain legumes, and oil seed 
meals. Sorghum protein is deficient in two essential amino 
acids - lysine and methionine, Although maize is somewhat 
higher than sorghum grain in total nutritive content, the 
custom of home processiq maize in certain areas by the wet 
method that loses much or the protein makes this maize less 
nutritious than whole grain sorghum home-milled for food. 
There are wide differences in food flavor for the various 
grain types of sorghum. In general, the white seeded types 
are preferred for food. In two Ethiopian lines of sorghum 
Purdue University scientists have discovered a high lysine 
gene with Protein Efficiency Ratios (PER's) at least equal 
to that of opaque-2 maize. 

‘/Edited by Steve A. Eberhart. Research Geneticist and Professor, 
Plant Breeding and Genetics, North Central Region, Agricultural 
Reuearch Service, U.S. Department of Agfculture. in coopera- 
tion with Iowa State University, Amer. Iowa 50010 
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Atiaytation .- 

In general, sorghums are the preferred cereal food grain 
where the climate is too dry for reliable rnaize production, 
Sorghum tolerates poorly drained soils better than maize also. 
Sorghum tolerates short droughts, even when go severe as to 
blast the heads during their development, with recovery if 
rains permit renewed growth. If the entire head is severely I 
damaged, the plant produces new tillers that develop heads 
with normal grain. Short drou-hts at other stages are tole- 
rated by temporary rolling of f eaves that reduces water loss 
from the plant. However, sorghum yields are greatest when 
no droughts occur during the growing season. 

Sorghum also is adapted to regions of limited rainfall 
by virtue of its well developed root system with abundant 
secondary roots that permit effective use of water held in 
the soil profile. Sorghum grows well on a wide variety of 
soils, from sandy to heavy textures whlere drainage is good 
and naturally fertile. Sorghum also is quite tolerant of 
saline and alkali soils that are widely prevalent in regions 
of limited rainfall. Its adaptation to relatively dry 
climates and its resistance to some important pests that 
plague maize make it an attractive food crop. Sorghum has 
not yet received as much attention by ;plant breeders to 
develop improved types as has maize, but outstandingly pro- 
ductive varieties and single-cross hybrids are now available. 
Bird damage to field grain in the head can cause very serious 
losses. The devastations by certain insects on sorghum are 
problems that have received some attention but are still 
locally serious. 

Sorghums grown for food grain have a dominant position 
in all tropical and subtropical regions with limited rain- 
f.211. Since there are varieties with short, medium and 
longer growing season requirements, the choice of varieties 
that will grow and inature during shorter or longe'r rainy 
periods permits the crop to be grown successfully over a 
very wide range of climatic conditions, from a minimum of 
3 to 4 months when moisture is adequate, to 6 to 8 months 
with recurring rains. Sorghum is a warm weather plant, and 
its culture in the subtropics is limited to the warm seasons. 
Sorghum is grown at high altitudes in Uganda and Ethiopia, 
but improved varieties specifically adapted to the cooler 
conditions have yet to be developed. 
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Plant Characteristics 

Sorghum belongs to the grass family, azd its plant and 
seed characteristics show that relationship. It is a coarse 
grassj with stalks of ?. meter to 5 meters in height (depend- 
ing on variety); the stalks are made up of 15 to 30 joints, 
with a leaf developed at each node of the stem. There may 
be a few to many tillers arising from the plant base, depend- 
ing on variety, favorable growth conditions, and density of 
plants stands. Each tiller developes its own root system, 
which must compete with its neighbors for moisture and soil 
nutrients. All stalks produce a terminal head, which has 
shorter or longer branches, with complete flowers at the 
ends of the branches. Both stamens (male) and pistils 
(female) are borne in the same fl..oret. Self pollination 
occurs normally (an average of 93% with a range of 50 to 
100%). Male sterility is used in the production of hybrid 
seed and wind pollination gives good seed set on the female 
male-sterile line. Regional races or types have come to 
predominate in most sorghum growing regions as a result of 
continued mass selection by man and natural selection by 
nature through environmental effects. 

Types of Sorghum 

From the sfandpoint of plant type and usage of the crop, 
it is convenient to recognize three main types: (1) grain 
types in which the seed threshes clean of glumes, (2) sorgo 
types in which seed is completely enclosed by glumes when 
threshed, and (3) grassy types, as typified by the wild types. 
Within this grain production group there are numerous head 
and kernel differences, and Harlan has used these to describe 
five important races; Bicolor, Guinea, Caudatum, K&fir, and 
Durra. The grain types in gene-have larger headsnd pro- 
zmore grain in proportion to the vegetative part of the 
plant, than do the sorgo types that are grown primarily for 
syrup. The sorgo types have abundant sweet juice in the 
stalks, but the grain sorghum types have stalks at maturity 
with either a dry or slightly sweet pith. The sorgo types 
are palatable feed for ruminant livestock, as well as being 
suited for making, syrup; whereas the stalks of grain sorgo 
are less palatable and nutritious for livestock feed. 

Seed Types 

The grain types of sorghum not oniy are variable in 
plant characters but also in seeds. The seeds of individual 
varieties may be pink, red, brownish, yellow or white. The 
texture may be chalky or flinty, The seed shape may vary 
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from roundish ovoid, to flat. Head shape and size also vary 
widely. Shallu and kaoliang have loose heads (panicles), 
with grain borne at ends of slender branches, reputed to 
reduce bird damage since it is more difficult for birds to 
perch on the branches and eat the grain. Unfortunately 
this type of head does not contribute significantly to pro- 
tection from bird damage. Shallu is a preferred type in 
India, Egypt and Sudan, but kaoliang is almost exclusively 
grown in China, Manchuria, Korea, Japan and Siberia. 

Khite or yeiiow seed grain types are generally pre- 
ferred for food, since the pigmentation (red, pink, brown) 
makes the grain slightly bitter. The pigmentation is 
largely in the outer layers of the seed coat, and this may 
be removed by a limited amount of milling. If the pigmen- 
tation is in the testa, removal by milling is not practical 
by current machinery. The tannin compounds in the pigments 
reduce protein digestibility. 

Sorghum Improvement 

In those regions of the tropics where sorghlum breeding 
has been undertaken, substantial improvements in producti- 
vity ) and in plant and seed types have been achieved. Local 
testing of pure seed lots of improved strains and varieties 
is necessary to evaluate the productivity and grain qnarity 
produced by breeders elsewhere. 

The first step in sorghum improvement is to make com- 
parative field trials of all available varieties and strains 
that have shown promise within the region, or at other 
research stations in similar ecological regions. These 
should be grown in field trials designed to give all seed 
lots an equal opportunity, with cultural practices that per- 
mit relative productivity in response to favorable growing 
conditions. The results of a single field trial are not 
reliable and results must be obtained from several trials 
under representative environmental conditions. Pure seed 
must be used in each trial. When a superior variety or 
strain has been identified, production of high quality seed 
must be undertaken. This production should be identified 
as pure seed of an improved variety or strain, by some 
system of monitoring seed production and certification by 
an official agency. Farmers can be encouraged to produce 
their own seed of the improved variety since sorghum is 
normally self-pollinated. Sorghum seed is subject to rapid 
ioss of germinating ability unless well dried at harvest 
time, and stored in a thoroughly dry condition. In general, 
the exploitation of improved sorghum requires the develop- 
ment of a well regulated seed industry, to facilitate the 
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distribution of improved varieties as they become available 
from breeding programs. 

Breeding populations have been formed from a wide range 
of adapted varieties wfth the genetic male-sterility factor 
in Uganda, Nigeria, and India. These popuPatFsna are being 
selected for disease and insect resistance, improved pro- 
tein quality, and higher yields. Improved varieties and 
hybrids can then bp extracted periodically from the improved 
populations for reiease as commercial varieties. The cyto- 
plasmic male sterile--genetic restorer system is used in 
production of single-cross hybrids. 

The length of the growing season in the sorghum grow- 
ing areas is usually determined by the rainfall. distribution. 
Since maximum yields will not be obtained unless the variety 
has the correct maturity, the breeder must develop the 
varieties to meet the maturity requirement. The rainfall 
season and temperatures ( as determined by altitudes and 
other factors) during the growing season may reduce the 
range of adaptation or sorghum varieties and require varie- 
ties for each ecological area or zone. 

i' Culture of Sorghum 

Sorghum .should be planted in a mellow seedbed, prefer- 
ably when the soil is moist to stimulate rapid germination. 
The seed is smal.1 (45 to 60 per gram), and relatively 
shallow planting (approximately i.5 - 2.0 cm), is desirable 
to permit sprouts to push through the ~soil. The danger of 
soil crusting to impede seedllhng emergence is greater wi.th 
heavier soil texture, particularly when intense rains occur, 
followed by rapid drying. Sorghum should be planted in rows 
60 to 100 centimeters apart, and may be drilled within the 
row or planted in hills 20 to 50 centimeters apart within 
the row. The rate of planting should be based on average 
rainfall distribution, water holding capacity of the soil, 
and moisture and light requirements of the variety. Under 
optimum growing conditions, drilling the seed in narrow 
rows will produce higher yields than hill planting, Seed- 
ing rates are generally 1 kg/ha in very dry areas, 2-4 kg 
in more favored areas and 4-6 kg or more for irrigated 
sorghum when moisture supply and a mellow soil permits 
prompt germination. Seedlings should emerge in 3 to 5 days 
under favorable conditions; but may take longer if soil 
moisture is low, or when soils are cool (at high altitudes 
or in subtropical zones). , 
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In a grain sorghum yielding 50-60 q/ha, the total 
uptake of N, P 0 

2 5' 
and K20 has been found to be 130-180, 

50-65, and 100-l 6 kg/ha, respectively. As with maize 
the amount of fertilizer to be applied should be deter- 
mined by the attainable 

iii 
feld level and the level of 

available nutrients in t e soil. Under irrigation, or 
when rainfall is reasonably abundant, good responses 
have been obtained from as much as 100 kg/ha of fertili- 
zer nitrogen. Except in regions of heavy rainfall, the 
nitrogen fertilizer may be applied prior to planting. 
With heavy rainfall, the nitrogen fertilizer may be 
applied prior to planting. With heavy rainfall, the 
possibility of severe leaching of n:L,trogen through the 
soil increases, and it may be advantageous to apply half 
of the fertilizer before planting, and t'he remainder by 
broadcasting just before plants produce heads. In regions 
where moisture supply is occasionally a %Jmiting factor, 
lesser amounts of fertilizer are more economical; and 
under some conditions, there may be no nitrogen response. 
The economic rates of fertilization sho*dld be determined 
XT? -2 qi-1r-l trials. - i z- - 

Phosphate fertilizers should be added if the soil 
e---h is deficient in phosphorus and to prevwlL SOli fEtrtIL'l,ity 

depletion under continued cropping. 
tare of phosphate 

Up to 50 kg per hec- 

but actual 
(P20 > 

field trial 2 
is suggested as being economic, 

should be conducted to establish 
ieveis of profitable phosphate applications under local 
conditions. Phosphates are most effective when applied 
below and to one side of the seed. 

Sorghums have been credited with being exhaustive of 
soil fertility; with succeeding crops of other types being 
reduced in yield when they follow sorghum. There is experi- 
mental evideme that reductions in soil fertility follow- 
ing sorghums may be caused by (1) a decrease in soil nitro- 
gen caused by higher rates of decomposition of sorghum 
stubbie, stalks, and roots; this decomposition being tempo- 
rarily accelerated because of the higher content of soluble 
carbohydrates in the plant residues; and (2) the temporary 
reduction in soil moisture caused by the extensive root 
system of sorghum. The first factor is compensated for by 
addition of nitrogen fertilizers, which nitrogen is not 
lost, but becomes available to subsequent crops; and the 
second factor by soil management to recharge moisture in 
the soil profile through weed control and by practices to 
reduce rainfall runoff. The rewards in terms of higher 
sorghum yields with effective cuittiral practices more than 
offset the costs of the residual effects of growing the 
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crop. The use of sufficient nitrogen fertilizer (or of 
applications of dung, or of leguminous green manures) and 
of rainfali conservation are necessary integral factor-s 
of increased production of most other crops, as well as 
sorghum. 

Weed Control 

Witchweed 

The most devastin weed affecting sorghum is witchweed. 
There are two species hermonthica and S. asiatica. 
This is a parasitical l~thrnr attacher itselr to 
the roots of the host crop plant and makes its own growth 
by absorbing moisture and plant juices from the host roots. 
The parasite appesrs above ground 3 TV 4 weeks after it 
has infected the :rop roots, and then develops green leaves, 
flowers, and produces seed. Witchweed seeds abundantly, 
and the seed may remain dormant in the soil for extended 
periods, up to several years. The infected host plants may 
be reduced in growth by SO%, when heavily infested. 

------ -..,---...--.--_4...-~.~~trol mea sure that has some value i s growing a 
legume, cotton or other immune crop in rotation with sus- 
c,pp+ible rmrG+sJ u-b -rd.& grens . The witchweed cannot parasitize 
the pulses, groundnuts, soybeans, and cotton; and these 
crops reduce the abundance of the witchweed so that a grain 
crop may follow, A companion, or separate treatment, is to 
treat r,he sorghum fielcis with herbicides of the 2, 4-D or 
MCPA types; however the witchweed can not be killed until 
it starts to emerge which is after it has parasitized the 
crop. These treatments do not eradicate the witchweed, 
but reduce its damage in most cases. Research is underway 
at some stations on propagating certain diseases of witch- 
weed and fostering various insect pests of the weed as well 
as to select varie:" =s with greater tolerance. Until this 
research produces r,;ults, reliance must be placed on use 
of selective herbicides, and growing susceptible crops in 
rotation with immune crops. 

Other-Weeds 

Perennial weeds are best controlled by tillage in pre- 
paration for planting. Annual weeds should be suppressed 
by hand pulling, hoeing, or cultivating, or by application 
of herbicides. These various methods are effective only 

I to the extent that the weeds are killed early, before they 
damage the sorghum plants by competition for soil nutrients 
and soil moisture. Damage to the s#xghum plant roots frobl 
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weed cchlpetition may be halted but not corrected when lar- 
ger weeds are killed. If removal of the weeds damages the 
crop root system, crop yields will be severely affected. 
This is particularly true if weed removal is followed by 
shortage of soil moisture that prevents regeneration of 
the damaged crop root sy.stem. 

Weed removal by application of appropriate herbicides 
is rapid and avoids physical. damage to the crop root system; 
but the cost is substantial and each herbicide must be used 
as prescribed by the manufacturer. Different species of 
weeds require different herbicides, and some of these herbi- 
cides leave a residual toxicity in the soil that affects 
other succeeding crops. 
of weeds, 

As ,ln the case of physical removal 
early treatments generally produce the greatest 

benefits in crop yields. 

Insect Pest Control 

The sorghum shoot fly attacks sorghum in the early 
stagtts of crop growth, 
high. 

often when the plants are 2 to 5 cm 
The adult fly lays eggs on the underside of young 

leaves and the developing larvae enter the funnel and move 
down to feed on the meristem. The central shoots become 
yellow and then die; affected plants often compensate for 
this d,amage by producing several tillers but these may also 
be attacked. 
varieties; 

There is resistance to shoot fly in some 
this depends on the ability of the plants to 

produce new and vigorous tillers which rapidly grow beyond 
the stage at which they can be attacked. 
is important; 

Early planting 

this pest. 
late planted crops are often devasted by 

Borers of many types occur; most of these being the 
larvae of moths. 
sanitation, i.e., 

Their control is facilitated by plant 
the removal of all crop residues through 

consumption by livestock, 
mant forms of the insects. 

or plowing under to kill the dor- 

effective on some typeb. 
Chemical control can be very 

Predators and parasites of the 
several borers are being sought, and will doubtless be use- 
ful. The varieties or strains of sorghum that are resistant 
should be identified and used. 

The sorghum midge attacks the panicle and prevents 
seed from developing; at present tolerance to the midge is 
being incorporated into commercially grown types. Chemical 
control is effective but too costly to be practical except 
in extreme cases. The development of parasites offers 
promise and is being pursued by researchers. 
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Chinch bugs -which are sap sucking insects, may be 
serious pests on growing sorghum plants; but resistant 
varieties and strains are now available. Another type 
of sucking insects - aphids - may become quite serious 
on the "head" or panicle. Resistant varieties are 
effective in controlling aphid damage. 

Wireworms may severely damage planted seed before 
it germinates and emerges, but may be controlled by 
seed treatment with aidrin or dieldrin before planting, 
This is compatible with seed treatments for disease con- 
trol. 

Control of Sorghum Diseases 

There are numerous molds (fungi) that may attack 
planted seeds when soil temperatures are below 20°C, 

I particularly with sorghum types that have soft mealy 
grain. Fortunately, these diseases are least trouble- 
some when prompt germination occurs in warm, moist soils. 
Chemical treatment of seed with thiram before planting 

6: is recommended, since it is effective and not poisonous. 
j 

i Instructions on the container should be followed. 
,: 

Fungal leaf diseases includes leaf spots, downy 
:'mildew, rust, anthracnose, and blights. In most cases 

there are strains or varieties that are resistant to 
individual diseases; and such improved types should be 
selected that are resistant to the diseases that are 
locally important. It is generally found that such 
diseases are more abundant on sorghum grown in humid 
climates or in rainy periods. 
for selectin 

This is one of the reasons 
sorghum as a grain crop for regions of 

limited rain all, f 
tically low. 

where humidity of the air is characteris- 

Red rot and charcoal rot are fungal diseases attack- 
ing the sorghum stem and root. Some varieties are much 
more susceptible than others, 
be grown. However, 

and resistant types should 
these diseases tend to build up in 

the soil, and crop rotation tends to.reduce these problems. 

Ergot, covered smut, loose smut, and head smut and 
long smut of the heads may cause substantial losses. 
Fortunately, there is good resistance among sorghum strains 
to these diseases, and resistant strains should be grown. 
Crop rotation is useful in keeping these diseases at low 
levels. Fungicidal seed treatment gives excellent control 
of covered smut. 
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For further information on see Chapter 
4 in book on "Tropical Agricultu i(Reference 
list following Chapter 40). 

Bird Damage and Controf Measures 

Sorghum grain is a preferred food of many birds, includ- 
ing the Quelea bird, sparroEs, yellow weavers, bishop birds, 
dovesi parrots; crows3 and buntings. Fortunately, the type 
of bird pest varies with the regions, but collectively, bird 
losses have 2 profound effec t on choice of a grain crop. 
'E‘here is a tendency to substitute maize for sorghum in regions 
where sorghum actually is much better adapted to the climate 
and soil and produces more grain, because maize is less 
susceptible to bird damage by reason of the husks that tightly 
enclose the ear. 

The Quelea bird is the most damaging of all bird pests. 
They feed in swarms and will rapidly strip a field when they 
invade it. Present research is directed toward reducing 
total population of Q~elea abirds to a tolerable level, and 
to prevent them from building up again. The areas affected 
by these scourges are identified, and sorghum is not a pre- 
ferred crop in these areas. 

Elsewhere, birds are problems for which some control 
is possible. The factors affecting attractiveness of the 
grain are taste, size, and hardness of grain. The plant 
brxders are undertaking to develop resfstant types. The 
milling of types that are not attractive to birds to remove 
the bitter outer layers may be useful. However, birds 
remain as a serious deterrent to sorghum production; 

Sorghum Harvest 

Sorghum grains are fully developed when they reach the 
"dough" stage and the black layer forms where the seed 
attaches to the pedical; thereafter the ripening process con- 
sists of gradual loss of moisture. This drying proceeds most 
satisfactorily in the field, unless bird damage is a serious 
risk. Warieties differ in the time to reach maturity, from 
4 to 6 months from planting date. The bird problem is most 
serious during the milk, dough, and mature stages of the 
grain, and any campaign to repel birds should be concentrated 
In these stages. Early harvest of heads as soon as the grain 
reaches black layer is advisable when bird damage threatens 
to be serious. 
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Completion of drying of harvested heads should be 
accelerated by spreading in a loose layer on a hard sur- 
face for sun-drying. Moisture content should be reduced 
to about 10% (from 20 - 
avoid molding. 

25% when field harvested) to 

is dry. 
Threshing may occur as soon as the grain 

Sorghum appears more susceptible to molding than 
other cereals, 
grains. 

particularly the types with soft, chalky 

Storage 

Sorghum grain 
in storage. 

c>nuld be completely dry when placed 
Initial treatment to give protection against 

storage insects is universally important, since sorghum 
grain seems to be quSte susceptible to insect damage. 
The more serious insect pests of stored sorghum grain 
include the rice weevil, lesser grain borer, khapra beetle, 
other grain beetles, and the larvae of the grain moth. 
The control of these stored-grain pests is reviewed in 
more detail in the Chapter on Maize, section on *'pests of 
stored grain". Malathion is effective in treating empty 
storage containers and structures. Grain is best pro- 
tected by fumigation at time of storage, repeated if nec- 
essary during the storage period. 
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CHAPTER 8 

MILLETS s' 

The millet8 are warm-weather annual grasses or cereals 
grown for their edible seeds. The more important species 
are: 

Major food species 

1. Bulrush millet - Pennisetum typhoides 

2. Finger miller - Eleusine coracana 

Lesser food species 

3. Foxtail millet - Setaria italica 

4. Pros0 millet - Panicum miliaceum -- 

5. Japanese millet - Echinochloa crusgalli 

var. frumentacea 

6. Browntop millet - Panicum ramosum 

In general, the millets are most useful where a grain 
crop is needed to capitalize on short-growing periods. This 
role is most important in the dry tropics where the period 
having adequate rainfall for crop growth is short -- 3 to 5 
months; or in regions of more adequate rainfall where a 
short-season grain crop can be grown as a secondary planting 
following a main crop on the same land. In regions of 
severely limited rainfall, millet may be the principal cereal 
because of its flexibility in management to avoid droughts. 

The International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT) has been established at Hyderabad, 
India to provide worldwide research and training support on 
this crop. Of those grown primarily for food, finger millet 
and pearl millet are considered the most important types.. 

rj Edited by Steve A Eberhart. Research Geneticist and Professor, 
Plant Breeding ant Genetics, North Central Region, Agricultural 
Research Service. U.S. Department of Agriculture. in coopera- 
tion with Iowa St;rtc University, Ames, Iowa 50010 
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Millets as Foodstuffs 

cakes, 
Millets are used as a meal, for making flat bread and 

or as paste from pounded soaked seed, or as boiled 
gruel. Millets may also be used in making beer and other 
alcoholic drinks. Millet grains are high in starchy com- 
ponents, 55 to 65%, and thusserve as energy foods. The 
protein content and quality differ greatly among types, 
but they are deficient in the nutritionally essential 
amino acid lysine, in common with other cereal grains. Mow- 
ever rr the seeds are usually small, and the germ (which is 
richer in protein) is not separated from the rest of the 
seed, so that the full dietary value is retained in food 
made from the millets. The seeds of bulrush millet are 
larger than the other millets. 

gegional Production 

Bulrush millet has the greatest use in Africa and 
India and finger millet in India, Pakistan and parts of 

,East and Central Africa. Total production of millets in 
Asia and Africa is somewhat smaller than for sorghum, but 
in some subhumid environments the millets are the dominant 

:‘cereals. 
i Bulrush Millet 

Other common names are cattail millet and pearl 
millet. This millet is usually a short-season crop, often 
grown in rainfall zones of less than 600 mm yearly, during 
the short periods when soil moisture will sustain crop 
growth. It does best where light showers followed by 
bright sunshine prevail during the growing period. It is 
somewhat drought resistant by virtue of its well develop- 
ed root system and hairy stalks and leaves. Also, it is 
tolerant of rather itlfertile soils as well as sandy soils. 
Protein is usually ;:' good quality and quantity, although 
a somewhat higher content of lysine would be desirable. 

I Description 

ft is an erect grass plant with strong round stalks, 
2 to 3 cm thick, growing to a height of 1% to 3 meters. The 
leaves are 5 to 7 cm wide and reach lengths of 1 meter or 
more. It has a stiff cylindrical head, 20 to 40 cm long 
and 2.5 cm in diameter. The grains are borne in fasicles 
with short attachments to the central stem of the head, with 
exposed yellowish gray to whitish naked seeds. The seeds 
are 3 to 4 mm long and 2% mm wide, the largest of any of 
the millets. Bulrush millet flowers are cross pollinated 
by wind, and this habit dictates the techniques of breeding 
for crop improvement. 
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hlrush Xillet Improvement 

Bulrush millet is normally cross pollinated, but it 
can be easily selfed. The cytoplasm-male-sterility- enetic- 
restorer system has been identified and used f success ully 
for single-cross hybrid production in the United States 
and India. The World Collection of bulrush millet has 
been evaluated and selected collections and varieties have 
been used as source material to develop breeding popula- 
tions in Uganda, Nigeria, Senegal and India. These opu- 

!? lations are in selection programs to improve the yie ds, 
lodging resistance and disease resistance. These popu- 
lations are available for use as synthetic varieties or 
as sources of inbred lines for hybrids, 

Culture 

The seedbed for millet should be prepared in antiei- 
pation of prompt planting when soil moisture becomes ade- 
quate. Since the seed is small and must be planted shallow, 
the seedbed should be mellow. The crop responds to com- 
plete fertilizers (nitrogen, phosphates and potash) where 
soil moisture is adequate, and to liberal applications of 
animal manures. It should not be assumed that limited rain- 
fall prevents response tc improved fertility, but local 
field tests are needed to determine the amounts of ferti- 
lizer or manure that will be profitable. 

,The crop is, usually planted by hand in hills spaced 
50 cm apart, in rows 1 meter apart. Several seeds are 
dropped per hill, to assure at least one plant each. When 
improved cultural practices are used, higher yield can be 
obtained from drilling in narrow rows. The growing period 
to maturity is 4 to 5 months for most types. The plant 
density should be determined according to expected avail- 
able moisture. 

Weed control is quite important, since any weed growth 
exhausts soil moisture and competes with the millet for soil 
nutrients. All weeds should be removed while still small 
in order to avoid damage to the millet root system. 

When the grain is mature, the heads are cut by hand, 
and when dry the grain flailed out on a threshing floor. 
If bird damage threatens, the heads may be harvested when 
seeds reach the hard dough stage, and drying completed by 
sundrying on hard surfaces to about 10% moisture content. 



Bulrush millet may suffer severe damage in storage, 
from grain infesting insects, unless specific precautions 
are taken. Protection must begin with treatment of empty 
storage structures and containers, using malathion to 
kill insects hiding in cracks and crevices. Grain should 
be fumigated when'placed in storage. 

Downy mildew, 
duction in yield. 

rust and ergot sometimes cause a re- 
Effort is currently underway to breed 

varieties resistant to these diseases. 

Finger Millet 

Other common names are ragi, birdfoot millet, coracand 
millet, and African millet. 

Regional Use 

Although the greatest us? of this millet is made in 
India and Pakistan, it is also grown in many parts of 
East Africa as a short-season grain crop. It fills a 
niche in the ecological environment somewhat different 
than bulrush millet. Finger millet thrives in a moist 
climate but not where there are continuing heavy rains. 

: Also, it grows at al?i.tudes of 2,000 to 2,500 meters, 
i on rocky and shallow soils where moisture supply is 

abundant. The highlands of Ethiopia, Somaliland and 
Sudan provide favorable conditions. Gn the Indian sub- 
continent, it is grown extensively in 1:he Himalayan 
foothills, and also as a second crop on lowlands cropped 
yearly to rice. 

The food uses of finger millet are similar to those 
described for bulrush millet. 
low. 

Protein content is generally 
Lysine is deficient but methionine is high. 

) Description 

Finger millet is an annual crop that grows to 1 to 
1-l/3 meters in height., producing a terminal inflorescence, 
containing small round brownish-red grain. The plants 
have a capacity to tiller and branch freely. The inflores- 
cence is borne on a long stem from which 4 to 6 spikes 
radiate in a whorl - hence the name finger millet. The 
seeds are borne i to a floret, in clusters of florets, 
and thresh out naked at maturity. 
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Finger i?Iillet Improvement 

Finger millet is a completely self-pollinated crop 
and neither genetic or cytopfasmic sterility is available. 
The World Collection includes a large number of very 
diverse varieties that can be evaluated for improved 
varieties for comercial use. Selecttif varieties have 
been manually intercrossed at the Serere Research Station 
in Uganda to develop a breeding population. New varie- 
ties have been developed that are high yielding and 
resistant to lodging and a head blast disease. 

Culture 

Finger millet is best planted on a clean, mellow 
seedbed. The crop responds strongly to fertilizers and/or 
animal manures. Fertilizers supplying both nitrogen and 
phosphate are preferred, at the ratio of 2 to 1. Care 
should be exercised in applying nitrogen as in excess it 
induces lodging. 

Unlike bulrush millet, finger millet is either sown 
broadcast at the rate of 20 to 30 kg/ha, or in closely 
spaced rtiws 20 to 30 cm apart at a reduced seeding rate. 
In regions where the crop is planted in wider rows of 40 
to 60 cm spacing, 
kg/b. 

the seeding rate is reduced to 10 to 12 
The seed is small and must be planted shallow, 1 

to 2 cm deep to insure emergence of seedlings. Germination 
is 5 to 10 days, being longer in cooler weather. 

Weed control may be a serious problem in finger millet. 
For this reason, special attention is often given to several 
successive cultivations at 7- to lo-day intervals during 
seedbed preparation, to germinate weed seeds and kill seed- 
lings before the crop is planted. Because of the difficulty 
of hand pulling or hoeing weeds in thickly planted finger 
millet fields, it is probable that the use of appropriate 
herbicides, such as 2, 4-D to control broad-leafed weeds, 
would be practical. Tests of other herbicides to control 
grassy weeds are needed; these must be herbicides that will 
not injure the finger millet. 

The principal diseases are caused by a fungus that 
causes root rot, leaf spotting and headblast, and a grain 
smut. These diseases are most prevalent when the land is 
cropped yearly to finger millet. To curtail a build-up of 
disease i=ocuitt, finger millet should not be grown on the 
same land in successive years. 
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Harvest 

Finger millet matures in 3 to 5 months. The mature 
plants are customarily cut close to the ground, tied into 
sheaves and stacked to dry. The grlin is threshed out by 
beating the sheaves, or by mechanical means. In the case 
of frrigated finger millet, the heads do not all ripen 
simuitaneousiy. T'ne individual heads are harvested as 
they ripen, spread out on a drying floor for a few days 
to cure, and then threshed in the usual manner. Good 
grain yields under natural rainfall may reach 2,000 to 
4,000 kg/ha; irrigated crops may yield some-dhat more. 

Ctintrol of storage insects in finger millet is 
iess of a problem than for bulrush millet because of the 
small seed size. The treatments suggested for bulrush 
millet are applicable to finger millet. 

Lesser Millets 

Tile lesser millets are of importance in certain 
localities. Proso (broomcorn millet) and foxtail millet 
(Italian millet) resemble bulrush millet in their ecologi- 
cal adaptation to climate and soil, and constitute "catch 
crops" t"nat will produce a grain crop in 60 to 90 days. 
This makes them useful in regions of limited or uncertain 
rainfall. These millets may be grown in rows to permit 
cultivation, or planted broadcast. Their utilization as 
food crops resembles bulrush millet. 

Japanese millet and browntop millet more nearly 
resemble finger millet in their climatic adaptation and 
in their responses to rather high levels of soil fertility. 
Cultural practices for finger millet are generally appli- 
cable to these two millets. 



- 90 - 

CHAPTER 9 

WHEAT 1/ 

(Triticum aestivum - bread 
(Triticum turgidmum - durum 

wheat) 
wheat) 

Wheat is of two major genetic groups; the durum wheats 
with 14 pairs of chromosomes, and the bread wheats with 
21 pairs of chromosomes. All wheats are self-pominateti, 
and any natural hybridization is relatively rare. Even 
with man's intervention, it is difficult to "cross" durum 
and bread wheats. 

Durum wheats generally have hard kernel texture. They 
are used to produce macaroni and similar pasta products, 
rather than bread. Bread wheat varieties may have either 
hard or soft kernel texture and contain substantial amounts 
of gluten (a proteinaceous substance) that imparts the 
cellular structure to leavened dough when it 'rises" under 
controlled fermentation, and it is baked into bread, rolls 
and similar products. Bread wheat is the only cereal grain 
that contains gluten of a quality capable cf producing 
leavened bread. 

These two wheat groups have had separate geographic 
origins in their evolution. The durum group is believed 
to have originated in the Ethiopian region and spread from 
there in early times to North Africa and the Mediterranean 
Regf0P1. The bread wheats are believed to have originated 
in the Near East in the areas now occupied by Syria, Turkey, 
Afghanistan, Iraq and Iran. The bread wheats early spread 
‘co the European Continent, and were introduced into other 
continents by early explorers and colonists. Durum wheat 
was introduced into North America in the ,3reat Plains area 
in recent historic times, and now comprises l/16 of the USA 
acreage. They are used extensively in North Africa and 
the Mediterranean Region. 

Except where durum wheat is specifically mentioned 
in the following discussion, the informatton applies to 
the bread wheats and may or may not apply to durum. 

Wheat is a cool season crop. The greatest world pro- 
duction occurs in the temperate zones, but because it is 
grown at higher altitudes in the tropics and subtropics, 
it occupies an important position as a foodstuff in these 

Edited by Louis P. Reitz, Staff Scientist (Cereals). Naiional Program Staff, 
Agricultural Research Service. U.S. Department of Agriculture. Beltsville. 
Maryland 20705 and John G. Moseman. Chairman, Plant Generics and Ccrmplaem 
Institute. Agricultural Research Service. 
Beltsville. Maryland 20705 

U.S. Department of Agriculture. 
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regions. The dwarf, stiff-straw&d, high-yielding spring 
wheats that are an important component of the “Green Revo- 
lution" were bred in Mexico utilizing high altitude locations 
for a summer crop and 1Jw altitude locations in Northwestern 
Mexico for a winter crop. They have had a great impact 
on the agriculture of India, Bakistan, Afghanistan, Iran, 
Turkey, and Tunisia; and the lessons learned in these coun- 
tries are being applied to other regions. Wheat growing 
is important in North and South Africa3 at higher altitudes 
in East African countries, and in Argentina and the Andean 
ccuntries of Colombia, Bolivia, P.zru and Chile. The durum 
wheats have not spread much beyond North Africa, but the 
bread wheats predominate in all wheat growing regions of 
the tropics and subtropics. The bread wheats are in great 
demand because of the many kinds of leavened bakery products 
made from bread wheat flour, and the prompt acceptance of 
such foods wherever available. 

The bread wheats include two t 
(1) the spring annuals planted at t Kp 

es of growth habits - 
e be inning of a growing 

se.ason, that do not require exposure to f ow temperatures 
to stimulate head formation; and (2) the winter annual 
type that does require exposure to low temperature to com- 
plete the normal growth cycle, The htgh-yielding Mexican- 
type or semi-dwarf wheat varieties are spring annual types, 

I and they will not survive long exposure to temperatures 
several degrees below freezing that occur at higher alti- 
tudes, such as those prevailing in regions extending from 
Turkey to India. The spring annual types grow very well 
in these regions when planted after freezing periods have 
passed. In general, these spring annual types are adapt- 
able to the tropics and subtropics. 

I Wheat as a Foodstuff 

Wheat is rich in carbohydrates (about 70%) and is 
primarily an energy food. The crude protein content ranges 
from 8 to 15% depending on type and variety; it is highly 
digestible, but deficient in several nutritionally essential 
amino acids, primarily lysine. In millimg wheat for flour, 
the pericarp and germ are removed from the grain, and since 
much of the protein and fats are in these portions the 
resulting flour has nutritional values lower than the whole 
grain. However, the gluten retained in the flour is suf; 
ficient to make bakery products of the desired palatability. 
Intensive research is now under way to increase the amount 
and to improve the quality of protein of wheat, to make 
it more nearly a complete food. 
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Description 

Wheat is an annual XT~SS that ncmmaLly produces 2 or 
3 tillers per plant under crowded field conditions, with 
a spike (head) at the top of each tiller. The stems are 
jointed and hollow, with a leaf produced from each stem 
joint. The spike averages 15 to 18 spikelets, each contain- 
ing 2 or 3 grains. The root system is fibrous, produced 
mostiy by adventitious roots dev&Loped at the stem nodes 
of each stalk or tiller just below the ground level, The 
root system may permeate the soil to depths of about 1 
co 2 meters, if soil conditions are favorable. 

Wheat is largely self-poflinated, since pollination 
norma~iy occurs before the florets open. Varieties "breed 
true" to type, permitting growers to save their own seed 
without deterioration in hereditary vigor, Breeding pro- 
grams to improve yields and quality of grain are being 
aggressively pursued in many countries. 

Adaptation 

Wheat prefers a comparatively cool growing period with 
moderate raiafall; $.a+, yields are noe reduced by comparatively 
high temperatures during the last few weeks before harvest, 
provided the soil moisture supply is sufficient to meet 
plant needs. Irrigation to supplement natural rainfall 
may be required to supply the necessary moisture during 
the grain formaxon period of about 30 days after pollina- 
tion. High humidity during the vegetative period favors 
the development of diseases of leaf, stalk and spike. 
Excessive moisture supp:v also tends to produce tall, weak 
s taiks ; that are easily Qodged in storms with resulting 
severe reductLon in yields, Semidwarf Mexican-type wheats 
are lodge-resistant beLause of the short, stiff-straw, and 
are nonsensitive to day 'ength. These characteristics 
';;riden their ~COl0~i.C al adaptation, and permit heavier fer- 
tilization for much higher yields, 

Mheat prefers loam to clay loam soils that are fairly 
deep and well drained, with moderate to high soil fertility. 
Beep soils have the capacity to store mple soil moisture, 
which the wheat plant utilizes for sustained growth even 
though rains are intermittent. Sunny weather favors high 
yfe'ads, so that the highest wheat yields are achi.eved on 
deep, fertile soils in regions where there is ample sunshine. 
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Prior to the development of semidwarf wheats it was 
believed that wheat would not tolerate heavy fertilization 
without causing severe lodging and greatly reduced yields. 
Heavy applications of manures were as undesirable as heavy 
usage of nitrogen fertilizers. This belief was disproven 
when the short, stiff-stalked wheat varieties were bred; 
these varieties did not lodge under higher levels of ferti- 
lity. It was then poss%bie to br eed for higher capability 
in yielding power, with greater amounts of fertilizers and 
abundant moisture under irrigation, and to combine these 
traits with resistance to wheat diseases. This research 
lifted potential yields to as much as 4- and 5-fold yield 
increases over indigenous wheat production. Many tropical 
and subtropical countries have now benefited from the intro- 
duction and further improvement of this type of wheat. 
However, it is abundantly clear that improved cultural 
practices must accompany the use of these productive wheat 
varieties to achieve high yields, Under practical farm 
conditions, even where cultural practices have not been 
completi:ly controlled, natioqal wheat yields in such coun- 
tries as India and Pakistan have increased 25% following 
adoption of these wheats and the improved practices for 
growing them on a large scale, These wheats are grown 
primarily under irrigation (which is often faulty), but 
certain improved varieties may also have substantial value 
under natural rainfall wher-e moisture conservation practices 
are followed such as has been demonstrated in Tunisia. 

Breeding 

Breeding programs are underway to expand the value 
of s.2m-l &~~qyf v.g)7pqte A-..--- i.-i-L&:: b 7-7 dlp7ral nn-i q(z ‘---‘vr=‘- imprwed resistance to 
the diseases and inse&te-prevalent*in different regions, 
without loss of the short, stiff-stalked trait and high 
yielding power. Also improved winter wheat types are being 
sought that would be more useful in North Africa and the 
winter wheat regions extending from Turkey to India. In 
addition, serious research programs are underway to improve 
the nutritive quality of the wheat proteins. 

I Varieties 

Wheat breeding programs, in many wheat growing regions, 
have developed improved varieties of both spring and winter 
types of wheat. Many of these have already been proven 
to be significantly superior to the wheat varieties commonly 
grown in the tropical and subtropical wheat-growing regions. 
The wide adaptation of day-length insensitive spring wheats 
permits extensive sharing of the plant breeders product. 
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Field trials of promising new whea"L vaxietfes should be 
made in representative locations to detemline their i.mle- 
diate value, and the most promising should be made avail- 
able to farmers along with a "package" of cultural practices 
suited to the locality. Since these wheat types will "breed 
true", improved varieties may be rapidky multipbied, and 
growers, by avoiding mixture with common seed in harvesting 
and threshing, may save their own seed without loss in heri- 
table traits. A precaution is that improved varieties must 
be accompanied by effective cultural practices to produce 
increased yields. 

Culture 

The wheat seedbed should be free of weeds, well supplied 
with moisture and rather compact to permit prompt germination. 
The soil fertieity should be assured by incorporation of 
animal manures and/or fertilizers containing nitrogen and 
phosphate generally at a ratio of 2 to 1. The amounts must 
be adjusted to the inherent soil fertility, and the probabie 
supply of soil moisture, as determined by local field trials. 
However, it is a mistake to assume that fertilizers are 
not useful in less humid regions, since increases in nitrogen 
and phosphate may stimulate root development so as to ex loit 
deeper soil moisture reserves. Wheat grown under natura !t 
rainfall will benefit greatly from soil conservation and 
tillage practices tha t retain rainfall in the profile rather 
than permitting its loss as runoff. With limited rainfall, 
water conservation has paramount importance, and the soil 
moisture status at planting time is an important factor. 

PEantin 
--9 

of spring wheat should take place as soon 
as danger 0 kieklfng freezes has passed. For winter wheat, 
planting should occur at least 6 weeks before low tempera- 
ttires slow growth, so as to develop a substantial root system 
for the over-wintering period. Wheat is usually planted 
in rows 15 to 20 cm apart, with at least one plant per 5 
to 1Q cm of row. Drilling of seed about 3 to 5 cm deep 
places the seed in moist soif (or soil that will stay moist 
after a rain) for prompt germination. Such machine planting 
is far more certain to produce a full stand of plants than 
broadcasting, although broadcasting is successful when fre- 
quent showers can be expected after planting. Eighty kilo- 
grams of seed should plant 1 hectare when drilled in rows, 
and up to 120 kg of seed may be needed for broadcast sowings. 

Weed control, after sowing, is usually not required 
or practxal but may be necessary on heavily infested land. 
Removal of weeds by pulling or tillage usually severely 
damages the wheat root system; solid planting of wheat on 
a weed-free seedbed is usually relied on to provide enough 
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competition to reduce weed damage to the wheat crop. Weed 
removal on irrigated wheat is less serious than on rainfed 
crops, because wheat will regenerate danaged roots if mois- 
ture supply is adequate, particularly at early growth stages. 
Weed control by use of appropriate herbicides to combat the 
important weed species at hand becomes a useful treatment 
on heavily weed infested fields. The wheat root system is 
not damaged when the herbicides are properly used. 

For further information on Crop Protection, see Chap- 
ter 4 of book on "Tropical Agriculture" by Wrigley. (See 

1 Reference list followin:: Chapter 40,) 

Harvest 

The wheat crop usually ripens about 30 days after 
blooming of the florets. The kernels are completely filled 

~ when they reach the dough stage, at which time the leaves, 
stalks and spikes begin to lose green color and become 

i golden yellow. Prom this stage onward, ripening consists 
of gradual loss of moisture content of the kernels. When 

~ completely air-dry, the kernels will average about 10 to 
12% moisture, at which time they may be stored safely with- 
out molding. Where bird or storm damage is threatened, the 
crop may be cut and bound into sheaves as soon as it yellows, 
and stacked in the field or in shelters to complete drying. 
Harvest may be done by hand with sickles, or with machines. 
Combined harvesting and threshing of standing grain by use 
of machines is practical in regFons where the harvest period 
is dry, but the grain must be thoroughly dry before such 
harvest. 

Storage 

The first requirement for safe storage of wheat in the 
tropics is to have it dried to 10% moisture or less before 
placing it in storage. For higher moisture-content wheat, 
additional drying is needed to prevent spoilage. Protection 
of stored grain from storage insects is particularly impor- 
tant in the tropics and subtrogics.' It must begin with 
treatment of on-farm storage structures and containers to 
destroy insects hidden in these places, but initial fumi- 
gation of the grain as it enters stcrage is equally impor- 
tant. Some central storage agencies to which farmers make 
deliveries will not accept insect infested grain, or pur- 
chase it only at discount prices. 

For further information on treatments to combat grain 
storage insects, see the Chapter on Maize, section on "pests 
of stored grain". 
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CHAPTER 10 

BARLEY L/ 
(Hordeum vulgare) 

Barley is an ancient food grain of Ethiopia, North 
Jsfrica, part-i ~111 a~1 v Libya gpmd Mornppn ap.d to 3 l.esser ey,- 

-----I--J ---MY 

tent Tunisia and Algeria, and the Near Eastern regions. 
About 75% of the world production is in the temperate zones 
of North America i;cd Europe where it is used as a feed for 
livestock and fdr brewing beer; but it remains an important 
food crop in the regions of its origin. It is also grown 
as a food crop in the Andean Countries of South American, 
especially Argentina and Peru, and in India, Turkey, Korea, 
Afghanistan, Iraq, Syria, Iran, and Pakistan, It is grown 
at higher aititudes of the tropics, and in irrigated areas 
of deserts that are too high in soil alkali for growing 
other cereals, 

Types 

Barley has many forms. There are winter annuals that 
require cool weather down to or below freezing during the 
seedling period,to stimulr;te heading, and spring annuals 
that do not require cold exposure for normal development. 
'L'nlike wheat that threshes out naked kernels, barley is 

stly of the "covered" type, in which the glumes adhere 
to the grain, However, the "naked" type is grown in the 
Himalayas and China. individual spikelets may be awned, 
hooded, or awnless, and the spikes or heads may have two 
rows of kernels, or six rows. 

Food Value 

Barley is classed as a starchy food (65 to 68%) and 
is thus an energy source. Currently gro-- WLL varieties riv2rage 
I.2 to 14% protein; however, the protein is somewhat deficient 
in the nutritionally essential amino acids - lysine and 
threonine, It should be supplemented with protein foods 
in the human diet, particularly, animal products, foodgrain 
legumes, and oilseed meals, Barley is widely accepted as s 
a palatable and nutritious food crop, despite the necessity 
of removing the hulls by abrasion in preparing it for food. 
The grain is normally prepared for food by boiling or parching 
the whole grain, grinding for making gruels, made into flour 
for baking flat breads, and used in other ways, Recent re- 
search findings in Sweden, Denmark, and at Montana State 

Y LiLLed by LOUIS P. Reirz. Staff Scientist (Cereals). Narional Program Staff 
Agricultural Research Service. U.S. Department of Agriculture. Bclrsville. 
Maryland 20705 and John G. Mosernan. Chairman, Plant Genetics 2nd Germplasm 
Ir,stitute. Agricultural Research Sdrvice, U.S. Department of AEriculrure. 
Beltsville. Maryland 20705 
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University indicate that it should be possible to breed im- 
proved commercfa2 varieties with higher quarr~.ity snd quality 
protein in barley. 

Adaptatfon 

Barley, with all of its forms, has a very wide ecOlO- 
gical adaptation. Different varieties are used to produce --a-s. 2, et-.-. 
c;LUI.‘5 l.11 Lilt: cooler zones and in hot zones, However a.* barley 
is not grown in areas with high humidity and high temperature% 
The best yFeHds are obtained when there is a growing period 
of about 4 to 5 months, in which the vegetative period is 
relatively Cool, It needs less moistu:2 than wheat, but 
hot, dry winds after heading reduce grain yield. Shorter 
season varieties are used to escape drought damage in regions 
with short rainy seasons. 

Winter-type barley varieties are grown in higher eleva- 
tions where the cool season temperatures may fall below freezing, 
and spring-type varieties are grown in other regions with 
cool. periods irrespective of the season. In North Africa 
and the Near East, spring barleys are grown wherever there 
are mild winters. For the colder environments, winter hardy 
varieties are available, however, none have been developed 
which equal wheat or rye in tolerance to low temperatures. 

Zarley is best adapted to well-drained, deep loam soils, 
and responds strongly to high fertility., Varieties are known 
whi_ch are relatively tolerant to the alkali soils which occur 
widely in ail regions of limited rainfall, Shorter, stiff- 
strawed varieties are preferred for soils of higher fertiiity, 
to avoid lodgfng of the stalks before harvest. Barley does 
not tolerate imperfect soil drainage, nor strong sofl acidity. 

IJescription 

Barley is a member of the grass family, with a fibrous 
root system, several tillers per plant, each having jointed 
hollow stems that carry a leaf at the stem node. The root 
system may extend a meter into deep, permeable soils, and 
utilize scil moisture to that depth. The terminal spike 
on each tiller has two or six rows of fertile florets borne 
sessile on the axis of tP,d spike. There is one grain per 
floret, and the total number of grains per spike may vary 
from 20 to 60 or more, depending on variety and growing con- 
ditions, The grains in each spikelet, depending on variety, 
may carry fertile glumes with awns, hoods or be withoutMk:m, 
and the glumes may range from straw colored to black. 
barleys grown in the tropics and subtropics thresh out with 
kernels covered by adherent glumes that must be removed by 
abrasion in prepaiation for human food. The barley kernel 



- 98 - 

(within the glumes) may be creamy white, red, purple, blue 
or black, but white types are generally preferred. Most 
commercial barleys have awns that may be either sharply barbed 
or smooth. Many of the newly improved varieties have smooth 
awns which are not as objectionable to handle during harvest. 

Barley begins flowering 2 to 4 months after planting, 
and the filling and ripening of the kernels requires about 
one month. Kernels are mature when they reach the doi;gh 
stage of development, and th remainder of the ripening 
process consists of drying. Barley is ready for harvest 
and storage when the kernel moisture is reduced to about 
12% or less. 

Varieties 

Several kindred improved barley varieties have been 
bred for temperate region, and a small but substantial num- 
ber have been bred and introduced for use under tropical 
and subtropical conditions, These varieties differ in length 
of growth period to maturity, stalk height-, resistance to 
Lodging, tolerance to soil alkali, responsiveness to soil 
fertility and fertilizers, and tolerance or resistance to 
plant diseases and insect pests,, They should be evaluated 
for performance under focal or regional climate and soil 
conditions and those that produce the highest grain yields 
under good cultural practices should be selected for further 
testing. 

Since barley is a self-pollinated species, it breeds 
true to type in successive generations, and seed multiplica- 
tion is easily handled. Farmers may save their own planting 
seed without loss of hereditary traits. They will profit 
from guidance on maintenance of purity and production, eli- 
minating foreign matter and weed seeds, and on preserving 
viability. 

Culture 

Plantinq 

Cultural practices for barley are similar to that of 
wheat and oats. All weed growth should be killed in prepara- 
tion of a seedbed, and manures or fertilizer incorporated 
in the rooting zone below 3 cm. The seed should be planted 
by drilling to a depth of about 5 cm in rows 20 cm apart. 
Wherever rains are uncertain at planting time, hand planting 
in rows is acceptable, and is superior to broadcasting. 
Drilling seed in moist soil insures prompt germination and 
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seedling establishment0 For row planting, 80 kg of seed 
per hectare is sufficient; but for broadcast plantings the 
seed requirement should be increased to as much as 120 kg/ha. 
(NOTE: No recommendations are made on treating seed before 
planting, since such treatments are poisonous to man when 
surplus seed is eaten; and muet follow in-country regularions.) 

Weed Control 

Barley is not cultivated for weed control, except on 
very weedy land where undue reliance must not be placed on 
competition from barley plants to subdue weeds. Handpulling 
of aggressive weeds is necessary on weedy fields, particularly 
where soil moisture may be a limiting factor in growth, since 
weeds quickly exhaust moisture supplies, Weed removal by 
pulling, hoeing, or by herbicide application should be done 
while weeds are small, before serious damage to barley plants 
has occurred, The herbicide selected should be one that 
experience has demonstrated to be effective in killing the 
weed species without injury 'LO barley. 

Disease Control 

Several diseases are known to reduce the production 
of barley, Powdery mildew occurs wherever barley is grown 
and often causes large losses in production, Leaf rust is 
also important, but stem rust is not as important on barley 
as on wheat. Ln many areas, barley matures early and escapes 
from infection with the rust fungi. The disease, scald, 
occurs in the cooler climates. There are three smut diseases, 
which infect the spikes causing yield reductions, and viruses, 
which reduce plant vigor and winter survival. Leaf spotting 
and leaf blotching diseases are usually present on barley. 
The growing of resistant varietfes is the most effective 
and economical method for controlling barley diseases. Selec- 
tions or varieties are known which are resistant to these 
diseases. The use of disease free seed and cultural practices 
that assure vigorous plant growth will reduce losses. (Note: 
Fungicides are available for :.-educing losses from most of 
the barley diseases. No recommendations are made for using 
fungicide because such fungicides may be poisonous to man 
and their use must follow the in-country regulations.) 

Insect Control 

Several insects feed on barley. The greenbug aphid 
causes plants in small areas in fields to become stunted 
and nonproductive. Other aphids and leafhoppers are known 
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to transmit virus diseases. There are varieties resistant 
to the greenbug and to moat of the viruses transmitted by 
insects. The Hessian fly which infests fall-planted wheat 
also infests fall-planted barley, Losses from the Hessian 
fly can be avoided by delaying the planting until the weather 
is cooler. The cereal leaf beetle attack8 barley in many 
countries in Southern Europe, North Africa, and in a few 
areas in North America. Sources of res;c+anpe to this insect -I w-.*-I 
have not yet been identified. 

Harvest 

The full yield of grain will have been achfeved when 
the kernels have reached the dou h stage, and the crop begins 
to turn from green to golden ye1 I ow. Full ripening occurs 

' when the grain has dried to a moisture content of about 12%. 
Barley like wheat can suffer from bird damage, some varieties 
being more heavily attacked than others. Field curing is 

I generally practical. Harvest may be by hand with skskles 
I or b.17 machines. Combined harvesting-threshin 

is quite feasible with dry grain, but fairly K 
by machine 

arge areas 
are needed to make this practice economically desirable, 
particularly where abundant hand labor is available. 

Storage 

Grain harvested with a moisture content of more than 
12% should be further dried even before being placed in IO- 
cal farm storage, Spreading the grain in shallow beds on 
a hard floor will facilitate sun drying. Before storrng, 
all trash and foreign matter should be removed by winnowing 
or screening. 

Protection from stored grain insect damage is univer- 
sally needed in warm regions, Infestations may develop from 
insects carried in from the field, or from insects harbored 
in storage structures or containers. If no control measures 
are invoked, heavy damage may occur in a few weeks, and com- 
plete destruction of the gratn may be experienced in a few 
months. Thus, empty containers and storage structures should 
be treated with malathion before the grain is placed therein. 
All grain enterin 

!s 
storage, either on the farm or in a ware- 

house, should be umigated. Recommendations on appropriate 
kinds of fumigation are given in the Chapter on Maize, section 
on “pest of stored grain' a 
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CHAPTER PI. 

FIELD BEANS L/ 
(Phaseolus vulgaris, and related species) 

Present Production 

The term dry beans is broadly interpreted to include 
all field and kidney beans of any color, size or shape, as 
well as lima beans and tepary beans (see chapters 15, 17 
and 19 for other kinds of beans). 
related to kidney or field beans. 

The latter two are closely 
Field beans are the most 

important of the 
world use, 

"food grain legumes" (puises) in terms of 
that are grown in the tropics and subtropics. 

They are widely grown in Mexico, Central America and the 
Caribbean, South America and Asia, and to a lesser extent 
in Africa. However, they share with other species of food 
grain legumes their role in cxoppin 
diets. Dry field beans fill a 

systems and in human 
simi f ar position in farming 

systems as cowpeas, pigeon peas, and mungbeans, but the latter 
fitting the hotter more humid soils and climatic conditions. 
Beans in common with all other food grain legumes, store 
well when dry, and enter into market trade channels as staple 
foodstuffs, both domestic and export. The food grain legumes 
all are relatively interchangeable with each other as food- 
stuffs, subject to various local preferences. 

Food Value 

Beans (and other food grain legumes) are high in total 
protein, 20 to 25%, and thus serve to balance human diets 
based on cereal grains and other starchy crops, They serve 
as a substitute or as an "extender" of the scarce animal 
and fish proteins. Although the bean protein is somewhat 
deficient in the sulfur containing amino acids (methionine 
and cystine), the protein is rich in lysine and tryptophan 
that are deficient in cereals. Beans also contain about 
2% fat, and about 50% carbohydrate (energy constituent), 
thus making them a nutritious food, . 

Utilization 

Some varieties of beans and other food grain legumes 
have a reputation for being flatulent (generate gas in the 
digestive system), but it is reported that this may be alie- 

Edited by Charles A. Francis, Coordinator, Small Farm Systems 
Programs, International Center for Tropical Agriculture, Cali. 
Colombia 
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viated by soaking* and discarding the soak water before cook- 
ing, followed by thorough cooking. Plant improvement by 
breeding should succeed in developing new varieties that 
are less likely to be flatulent, and also are richer in pro- 
tein and the essential amino acids - methionine and cystine. 
This may be done in conjunctPon with breeding for higher 
grain yields and for resistance to limiting diseases and 
pests. 

To more fully exploit the value of beans in the agri- 
cultural economy, yields of beans per hectare must be sub- 
stantially increased. To date, comparatively little applica- 
tion has been made of agricultural science and technology 
to improved bean production. However, local experiments 
an5 Eie'ld trials have indicated the feasibility of readily 
increasing productivity of the crop by 2- or 3-fold with 
present knowledge and materials, and that further increases 
are possible when research has been completed on breeding 
improved types and testing superior cultural practices for 
local conditions. The benefits of invoking modern science 
and technology will be to increase the volume of the crop 
being produced, and to greatly reduce the net cost of pro- 
duction per kilo, By so doing, it will be feasible to rapidly 
+mplrove the n,uaIity of rural diets, ---r and to produce a salable 
cash crop for which there is market demand, both for domestic 
and export trade, The foliowing review indicates promising 
methods of increasing production. 

Adantatien 

Climate 

Field beans are annuals that belong to the legume family. 
In common with other legumes, they are capable of satisfying 
a major part of their nitrogen needs through fixation of ni- 
trogen from soil air by means of root nodules containing spe- 
clfic forms of bacteria (Rhizobium spp.). Thus, beans are 
essentially independent 01 both soil nitrogen and fertilizer 
nitrogen. However, when grown as a very short-season crop* 
the addition of some nitrogen fertilizer or the growing of 
the crop on fertile soil is an asset for rapid growth and 
higher yields. The residual effect of growing beans on land 
is to improve fertility for succeeding crops. 

There are significant differences between bean varieties 
in their tolerance of heat and drought. Thus, tepary beans 

* Soaking is more effective in water containing about 4 gram of 
soda per liter of water; soaking for several hours. 
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~PhoF;E!c..Lu.(: acutifolius) have the reputation of producing a 
crop in 64 to 90 days in hot, dry climates, providing soil 
moisture is adequate for that short growing and ripening 
period. Other tropical varieties may require as much as 120 
to 150 days to mature, and these differ in tolerance to heat. 
There are varietal differences also in reaction to air humid- 
ity, but in general beans are most productive in regions with 
lower humidity, largely because of diseases and insect pests 
that attack leaves and stems of beans in humid regions. Beans 
are most successful in areas where rainfall is light during 
the latter part of the growing season0 (Other legumes thrive 
when air humidity is too high for higher bean yields.) 

Soil 

Beans are grown most successfully on soils of medium 
~ texture (loams), that are well drained. Where occurrence 
~ of rains is uncertain, 

so that 
soils should be 60 to 100 cm deep, 

roots may draw on these soil moisture reserves. Short- 
er season varieties have shorter root systems. Beans are 

~ grown quite successfully as irrigated crops8 with yields sub- 
/~ stantially higher than most beans grown with natural rainfall. 
/ Beans are not heavily dependent on nitrogen in soils, but 
I they have comparatively highe r requirements for phosphate 
:' and other major minerals (potassium, calcium, magnesium, and 

sulfur) than the cereals, since their ultimate composition 
is higher in such elements. It is believed that the need 
for essential "trace" elements (manganese, iron, copper, zinc, 
boron and molybdenum), needed in rather small amounts, has 
generally been overlooked. Pt should be noted that the rela- 
tively high mineral contents of beans are an important contri- 
bution to the nutritive value of beans, as well as being 
indicative of fertilizer needs for hi her 
to augment the soils capacity to supp y these elements is f 

yields. Fertilization 

important in bean culture (see section on fertilizers). Since 
all food grain legumes are somewhat deficient in sulfur-containing 
amino acids, attention to the sulfate supply in soils and 
fertiiizers is indicated. 

Description 

Dry beans, including all forms of common or "kidney" 
beans, lima beans, and tepary beans, may be bushy or trailing 
in growth habit. Xn general, 
for commercial production, 

the bush types are preferred 
since they are largely determinate 

in growth and most of the crop ripens at one time, thus facili- 
tating mechanical harvesting. The plant has a well branched 
root system. The bush-plant type has a strongly developed 
central stem and branches, bearing trifoliata leaves. Leaves 
and stems are somewhat hairy. Flowers are small, and vary 



- 104 - 

in color from white to bluish. The flowers are self-pollinated, 
and hence the seed generally breeds true to type. Pollinated 
flowers produce pods, straight to sickle shaped, 10 to 15 
cm long, containing 5 to 20 seeds, Mature dry beans of dif- 
ferent varieties may ran e in color from white to pink, red, 
speckled, and brown to b ue-black. f They also vary greatly 
in size, ranging from 20,000 to 60,000 seeds per kilogram. 
Some vegetable varieties of beans are grown for their edible 
pods and immature beans; these have non-fibrous pods, All 
dry bean varieties may be harvested prematurely, for cooking 
and eating as shell beans. C'dimbLn 
season, but are preferred by small H 

bean varieties are longer 
armers for their associated 

planting systems, particularly with maize. 

Imnroved Varieties 

The best description of the ideal bean variety has not 
yet been determined. Obviously the structure of a variety 
to satisfy the needs for mechanized agriculture would not be 
the same as for a bean that would be grown in association with 
another crop such as maize. In ei.ther case, desirable plant 
traits for improved field bean varieties would include erect- 
ness so that pods are held above the ground, with grain ripen- 
ing uniformly, and in which the beans do not shatter out of 
the pods when mature. These traits are compatible with adapta- 
tion to specific climatic and soil conditions, high productive 
yield 'potential under favorable conditions, and resistance or 
tolerance to locally important diseases and insect pests. The 
shape, size and colcjr of seed are heritable, and may 'be com- 
bined with other desired traits. 

A considerable number of research institutions, particu- 
larly in Latin America, North America and Europe, have made 
extensive collection of bean types and strains; and these 
collections should be &awn upon to conduct local or regional 
field tests in the tropics and subtropics, to identify any 
selections that give superior performance. The world collec- 
tion is being assembled at the International Tropical Agri- 
cultural Center (CIAT), Cali, Colombia. Since beans generally 
"breed-true", there is no difficulty in rapid multiplication 
of the outstanding selections. Also, farmers may grow their 
own seed without loss of hereditary traits; although guidance 
will be needed on maintaining identity and producing viable, 
disease-free seed. 

Plant breeders should be encouraged to hybridize pro- 
mising parental. stocks, each of which have desired traits, to 
combine such traits into individual strains, Such programs 
have been highly successful in developed nations of temperate 
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zones, and should serve as guides for similar progress in 
the many tropical regions where beans &x-e adapted. Two cka- 
rocteriatics in addition to yields that require more attention 
than they have received are: (1) the improvement in protein 
content and sulfur-containing amino acids (methionine and 
cyetine) when grown in soils of higher sulfate content, and 
(2) differences between varieties in ease of cooking and 
tendency to flatulence as foods. Black and red seeded varie- 
ties have been observed to be distinctly better adapted to 
the more humid semitropics than white seeded types, befng 
generally more vigorous and disease-free. Recent tests made 
on isogenfc lines of black and white types from Costa Rica 
show the black seeded ones containing appreciable quantities 
of tannin. The presence of tannin would also explain the 
distinctly iower nutritional value of the black-seeded varieties. 

Fertilization 

Beans respond strongly to adequate supplies of mineral 
nilrrients a Application of animal dung in generous amounts 
produces favorable crop responses, particularly when applied 
in shallow furrows that are then partially closed and the 
seed planted above the manured bands. Broadcasting dung on 
top of tke prepared seedbed is a less efficient method, since 
much of the benefit is not realized unless dung is incorpo- 
rated in the sofl, Dung is highly variable in composition, 
and any standardization of the amounts required to increase 
yields Ls difficult to achieve. 

Commercial fertilizers are usually evaluated for crops 
in terms of their nitrogen, phosphorus, and potassium contents, 
with emphasis on nitro en. A 
cereals and other non- !f 

While this is appropriate for 
egumes, the phosphorus and potassium 

contents are most important for beans. Supplying phosphate 
in a usable form is uncertain on many tropical soils because 
of the soil's capacity for promptly converting the fertilizer 
phosphate into insoluble forms, which are unavailable t.r~ crop 
plant roots, The most effective method devised to date is 
to place the phosphate (and potash) in bands in shallow fur- 
rows, cover lightly, and then place seed above these bands. 

The best method for determining phosphate and/or potash 
needs is by field trials with various amounts and kinds of 
fertilizer. Without such trials, it is useful to make labora- 
tory tests on representative soil samples, to determine the 
apparent soil fertility. The fertilizer then is selected to 
correct the soil deficiencies to meet crop needs. Wherever 
ordinary superphosphate is applied, the amounts of sulfur, 



cillcium, and magnesium carried in the su~~erphosph~lte~ tinllJ1 1)~, 
sufficient to meet bean rxluircmcnts for these elements. 
However, if concentrated superphosphate is used to suppPy 
phosphate, this does not contain sulfate, and will not cor- 
rect soil sulfur deficiencies, if present. 

there 
On highly weathered tropical and subtropical soils, 

is a strong probability that one or more of the essen- 
tial "trace" 
yields. 

elements may be so low as to seriously affect 

boron, 
These elements are manganese, iron, copper, zinc, 

and molybdenum. The deficiencies are less Likely to 
be found where an-ha? manures are applied to crop lands, 
since manures contain some of these elements. On soils where 
application of fertilizers does not produce increased crop 
yields, it is likely that trace element deficiencies consti- 
tute thi Limiting factor. Detailed studies are then needed 
ta identify the element required, and the amounts to be added 
to the soil. 

It should be clear that the use of fertilizers and of 
:- ‘e element compounds should be based on evidence that the 
inherent nutrient supplying power of the soil will not satisfy 
crop plant needs for higher yields. The amounts of each ele- 
ment that: are needed must be determined by field tests, but 
pre'iminary guides may be provided by the results of trials 
conducted in ather regions that are similar in soil and climate. 

Seed Bed Prenaration 

Manures and/or fertilizers should be incorporated in the 
soil during seed bed preparation. Beans should be planted 
on a mellow but fiml seed bed, free from clods and coarse 
trash. Germinating bean seed elongates the young stem and 
lifts the cotyledons (seed leaves) through the covering soil 
layer. Strong soil crusting may prevent the cotylledons from 
emergiklg. To minimize this hazard, beans should be planted 
shaPlowgly in moist soil to facilitate prompt germination. 

Planting 

Beans may be broadcast, drilled in close roF:s, or planted 
in rows to permit cultivation. They may be grown in monocul- 
ture in a rotation with other crops or in association with 
them. Cultivated rows, 50 to 60 cm apart require 40 to 50 
kg of seed per hectare, depending on seed size. Drill planting 
in rows 15 to 25 cm apart is used where weeds are not serious 
competitors of beans, and 90 to 100 kg of seed are planted 
per hectare by this method. Broadcasting is not an efficient 
method of planting, and this type of culture does not favor 
weed control. (NOTE: No recommendations are made on treating 
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seed before planting, since such treatments are poisonous 
to man wflen surplus seed is eaten; and must follow the in- 
country regulations,) 

Weed Control 

Planting in rows 50-60 cut apart, at seeding rates to 
provide at least one growing plant per 10 cm of row, permits 
weed control by early hoeing or cultivating. Any damage 
'to the root system by tillage methods or weed competition 
wiil seriously retard plant growth arld yields. Weeds should 
be killed while very small, before they compete strongly 
with the bean plants. In broadcast or closely drilled plant- 
ings, the use of specific herbicides selected to kill the 
kinds of weeds present without harming the beans is an effec- 
tive way of combating weeds. 

Diseases 

Beans may be attacked by a number of serious diseases, 
including bacterial blights, leaf spots, leaf rust, leaf 
mosaics, root rots and nematodes. High air humidity accen- 
tuates most of these diseases; and, thus, bean production 

~4s most likely to be profitable in regions that are generally 
lower in humidity. Planting disease-free seed reduces certain 

lbacterial blights, leaf spots, and mosaics. However, where 
'I-available principal reliance should be placed on growing 
resistant varieties. Good field sanitation is also essential; 
beans should not be grown on the same land in successive 
years, and all crop residues should either be fed to live- 
stock, or incorporated in the soil to reduce the danger of 
carryover of the disease inoculum. 

Insect Pests 

Beans are attacked by various insects, including bean 
weevils (seed borne), bean beetles that feed on leaves, leaf 
hoppers, and aphids and such insects as the white fly that 
transmits viruses. Bean weevils are controlled by fumigating 
seed before planting, and by field sanitation. G-utbreaks 
of piant infesting beetles and larvae may be treated by dusting 
with pyrethrum, malathion, or other appropriate insecticides. 
Weed growths bordering the fields and insects on the weeds 
should be eliminated before the bean crop is seeded. This 
prevents initial infection by insects which transmit viruses 
from border plants. (see footnote) 

Fooanote: For further information on Crop Protection, see 
Chapter 4 in book on "'Tropical Agriculture" by Wrigley, 
(Reference list following Chapter 40). 
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Harvest 

It is important to grow varieties that are upright, 
so that pods do not touch the ground, and varieties in which ' 
the pods do not dehisce when ripe, since ripe seed that shat- 
ters out of pods is largely lost. These traits are heritable 
and may be combined with high yielding potential. The beans 
are fully mature when the pods lose color, but subsequent 
drying to 10% moisture content is completed faster while 
on the standing plants. If harvested earlier, additional 
drying on drying floors in sunshine is necessary to reduce 
moisture on the low level that will prevent molding in storage. 
Threshing may be done by hand flailing or by a thresher suited 
for wheat or sorghum, 
the beans. 

adjusted to avoid undue cracking of 

Storage - 
Well-dried beans should store safely, if protected from 

rains or other moisture. The greatest hazard is that of 
stored grain insects, which may cause severe damage in a 
short time in warm weather. All empty storage structures 
and containers should be treated with malathion before being 
filled with the new crop. 
as it goes into storage, 

The new crop should be fumigated 
and the fumigation repeated whenever 

there is evidence of new insect infestation. See the section 
on control of stored grain insects in the Chapter on Maize, 
for further information. 
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CHAPTER 12 

COWPEAS 1’ 

'Y uY?!%$%!~ons: Ksinensis (Synonyms with var eta 
V_. cylindrica, V,. catjang, and V_. sesq;?ipes2alls)' 

The cowpea, sometimes known also as southern pea, is a 
warm-season, annual, herbaceous legume. There are at least 
four easily recognized plant types -- erect, semi-erect, 
prostrate (tz;i::;g), and climbing -- and although differences 
are mostly 

$ 
reduced light contributes to vinyness. 

Plants are airly leafy with smooth, dull to shiny trifoliate 
leaves. The growth habit ranges from indeterminate to fairly 
determinate, but the plant typically continues to blossom 
and produce seed for an extended period. The non-viny type 
tends to be more determinate in blooming habit than viny 
types; and there are improved varieties that blossom over a 
short period, so that ripened pods may be harvested at one 
time. With viny (trailing) types, the plant is still blooming 
when the first pods are ripe, and repeated harvest are neces- 
sary to keep pace with ripening pods. 

The cowpea flowers are solid white, white with urple 
markings or solid pur 

P 
le in short racemes. Most P cu tivars 

produce medium (20 cm to very long (50 cm or more) peduncles 
on which multiple racemes are borne. A good variety may pro- 
duce two to three pods per peduncle, but often four or more 
pods may be carried on a single peduncle. The presence of 
such long flowering stalks is one of the most obvious distin- 
guishing features of cowpeas in comparison with other species. 
This characteristic facilitates both hand and mechanical har- 
vest. The open display of flowers above the foliage combined 
with the presence of floral nectaries also contributes to 
visjtts by pollinating insects. 

The pods are smooth, 15 to 25 cm long, cylindrical and 
somewhat curved. They are usually yellow when dry, but some 
varieties have purple or brown coloration. The seeds are bean 
shaped but are shorter in comparison with width, and varietal 
colors may vary from solid buff, clay, white, maroon, purplish 
or nearly black to variously spotted, speckled, or marbled. 
Some varieties characteristically have a darker colored spot 
on the hilum (seed attachment), often called an "eye." With 
this rang:t fn varCeta1 colors, it is feasible to select vari- 
eties so as to produce seed of the type readily accepted in 
markets availabi 5 LO the producer. Varietal. seed size also 

Edited by K.O. Rachie, Leader, Grain Legume Improvement Program, 
ErXernationsl Institute of Tropical Agriculture, Ibadan, Nigeria 
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ranges from 3,500 to 9,500 per kilo; desired size and color 
of seed may be combined by the plant breeder with the desired 
growth habit and yielding ability. Since the cowpea is self- 
pollinated, growers may save their own seed without loss of 
hereditary traits. 

Adaptation 

Cowpeas are a warm-weather annual crop. Compared to the 
bean (Phaseolus vu1 arfs) cowpeas being drought resistant will 

--h-r- tolerate lower rain a and humidity during the later growth 
stages of pod formation and filling when grown on soils of 
some depth that supply moisture. 
same role in farming systems; 

The two crops fill about the 
and the choice should be based 

on relative adaptation and total grain yields, Phaseolus beans 
are seldom grown below 1000 meters in hot, irregular rainfall 
zones in tropical Africa. 

Cowpeas are adapted to a wide range of soils, from sandy 
to heavy loams, fertile to less fertile soils, including soils 
that are quite acid. This does not mean that the crop prefers 
infertile or acid soils, but that it tolerates such soils under 
conditions of adequate rainfall. The crop is not adapted to 
soils with poor drainage. 

Production Areas 

This crop species is native to Africa, and the greatest use 
of the crop is in Africa, although it is also grown extensively 
in Latin America a-nd southeast Asia. Nigeria, Niger, Upper 
Volta, Uganda, and Senegal grow cowpeas for market, but they are 
widely grown as a subsistence crop for home use in nearly all 
African countries south of the Sahara. It is the predominant 
food grain legume in African regions of moderate to abundant 
rainfall. Cowpeas also have achieved some prominence in the 
Far East. There is ample evidence in the Americas that cowpeas 
of adapted varieties are more productive than phaseolus beans 
in regions of Central and South America at lower elevations 
where temperatures and less equably distributed rainfall pre- 
vail. Cowpeas are best adapted in Africa to the subhumid to 
semiarid regions (250 to 1000 mm rainfall). They are much more 
tolerant of high temperatures and extended drought periods than 
phaseolus beans, which are largely confined to higher elevations. 

The countries reporting,yields per hectare exhibit great 
differences in productivity. Some country yields were two to 
three-fold greater than the average for all African countries, 
and there was a three-fold difference between the high and low 
yielding countries of Asia. From the research results on COW- 
peas, improved cultural practices may produce four-fold increases 
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in yield on the same varieties. Even greater increases were 
obtained through judicious insect control. Average yields of 
one ton or more per hectare should be attainable with adapted 
varieties where --ainfall is moderate to abundant. In general, 
this food grain legume has been neglected with respect to the 
application of science and technology, including both breeding 
and testing programs to develop improved varieties as well as 
studies on methods of culture to maximize yields. 

Two varieties, asparagus bean (V,. unguic;flatda var. sesqui- 
pedalis) and catjang (V,. unguiculata var. cyc in rica), are 
grown primarily in South Asia, but are believed to have poten- 
tial wherever cowpeas are adap,ted. 

Cowpeas as a Food 

Mature, dry cowpea seed (grain) averages 23 to 25 percent 
total protein, 57 percent carbohydrates, 1.3 percent fat and 
3.5 percent minerals. Cowpeas constitute an easily digested 
and nutritious food. Although the protein is somewhat defi- 
cient in the essential amino acids methionine and cystine, as 
compared to animal proteins, it is comparatively rich in lysine 
and tryptophan that are characteristically deficient in all 
cereal grains. Cowpeas, therefore, constitute a valuable food- 
stuff to supplement cereals which have adequate methionine and 
cystine, and other starchy foods in the human diet. They may 
be used as "extenders" of animal proteins, which are easily 
prepared for food in home cooking. There seems to be much less 
of a problem with flatulency than with phaseolus beans, and 
hard seed coats are generally absent. Green cowpeas are widely 
used as a vegetable. A very important use in many parts of 
Africa is the tender green leaves as a pot herb (spinach). 

Varieties 

There are a wealth of varieties in various collections 
which have been made by research agencies, but many of these 
have not been field tested in tropical climates suited to cow- 
peas. In addition to plant type, testin is needed to identify 
yield capacity under favorable systems o !s culture, and the rela- 
tive resistance or tolerance of varieties to the diseases and 
insect pests of different areas. Marked differences have been 
observed in a few locations, but significant research has been 
limited. Some of the testing in Nigeria, the United States, 
and Puerto Rico may have direct application to the tropics and 
subtropics on other continents. Varietal testing should be 
carried out with cultural practices known to favor increased 
yields. IITA in Ibadan, Nigeria is now the center for world- 
wide collection and testing of germplasm. 
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Fertilization 

Being a legume, cowpeas do not need nitrogen fertilizers. 
Although the requirements for phosphate and potash, as well as 
calcium, magnesium and sulfur are relatively high, natural or 
residual nutrients are frequently adequate. Most tests in the 
lowland tropics have not shown responses to P or K. This may 
be expected to change as yield levels are raised and when the 
crop is grown on more depleted soils. Strong responses to the 
sulfur have been shown on some Savannah soils. Therefore, the 
responses that have been credited to ordinary superphosphate 
may have been in fact due to sulfur (concentrated superphospha 
contains no sulfur). 

The requirements for "trace elements (manganese, iron, 
copper, zinc, boron, and molybdenum) are not well worked out 
for cowpeas; and the probable deficiencies occuring in various 
soils of the tropics are very poorly defined at present. It 
is virtually certain that "trace" element deficiencies consti- 
tute limiting factors for cowpea production in certain local- 
ities. A preliminary identification of these may be made by 
noting conditions under which mineral fertilizers appear to 
give limited response, and where applications of dung are 
clearly beneficial. Thereis then the research problem of 
determining which trace element(s) may be in short supply, and 
devising practical ways of correcting the deficiency. This 
is a common problem with all cropping in the tropics, and a 
direct research attack should have wide benefits. 

Seed Bed Preparation 

The seed bed for cowpeas should be firm, free of clods an 
coarse trash, and moist at the time of planting. Fertilizers, 
if required, are best applied in bands below the seed row, SO 
as to avoid undue interaction with soil that tends to convert 
phosphates to unavailable forms. It is recommended that place 
ment of the mineral fertilizers, and/or dung, be made in the 
bottom of shallow furrows. The fertilizer is then covered 
with an additional 2 or 3 cm of soil. Mineral fertilizer "bar 
should be placed a little to one side of the seed row to avoid 
burning of new roots. 

Plantings should be made in moist soil, to foster prompt 
germination. Soil crusting produced by rains and subsequent 
drying may cause poor seedling emergence and thin stands of 
plants. Broadcast planting is not recommended. Row planting 
permits more effective placement of fertilizer and facilitate: 
weed control and crop harvest. Spacing of rows should be ad- 
justed to the robustness of the variety, from 60 to 100 cm 
apart. Seed should be spaced in the row CO produce one plant 
per 5 to 12 cm for erect forms 30 to 60 kg of seed planting 
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one hectare; for spreading types spacings between plants in 
the row should be 28 to 30 cm or at rates of about 10 to 15 
kilos per hectare. On fields being planted to cowpeas for the 
first time,particularly in regions where the crop is not common, 
seed should be inoculated with a fresh culture of cowpea bat- 
teria to insure desirable development of root nodules. Inocu- 
lation should be made just before planting. 

Weed Control 

Weeds, if present, will greatly reduce yields and should 
be removed while still small, before competition witk the crop 
has become serious. Efforts should be made to reduce or pre- 
vent damage to the cowpea root system, whether by puiling weeds, 
hoeing, or tillage. Weed control by treatment with selective 
herbicides selected to kill the weed species present without 
injury to the crop may become a practical method if and wheri a 
satisfactory weedicide is found reliable, particularly when 
prompt removal of weeds by other means is impossible. W2ed 
control is much less of a problem than it would be if nitrogen 
fertilizer were used. 

Plant Diseases 

Cowpeas are generally considered not as subject to epidemics 
of diseases as many other food grain legumes although in Africa, 
where the cowpea originated, the plants are much more susceptible 
to diseases than any of the other grain legumes grown. The 
most important diseases are wilts and rootknot diseases (soil 
borne) that afflict the crop, as well as leaf spots, mildews, 
viruses, and rusts. The control measures that are most effec- 
tive are: (1) the use of clean seed of varieties that have re- 
sistance to the diseases that are locally prevalent, and (2) 
field sanitation. Sanitation includes removal of all top growth 
after the crop is harvested (preferably as feed for livestock), 
and avoiding planting cowpeas on the same land in successive 
years. Both methods, especially the latter, greatly reduce the 
amount of inoculum present when cowpeas are next grown on the 
field. 

Insect Pests 

The weevils that infest seed may seriously reduce plant 
stands. As a preventive, seed should be dusted with malathion 
03 other suitable insecticide immediately after harvest. In 
tropical Africa aldrin is commonly recommended. If insects are 
are suspected to be in the seed at planting time, it shr>uld be 
fumigated to kill weevils and larvae that feed on growing 
plants. Field sanitation also is useful in preventing build-up 
of damaging insect pests. Serious outbreaks of insects should 
be treated promptly withinsecticides that are appropriate to 
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the species. Malathion is a general purpose dust, but others 
may be more effective depending on the species to be controlled. 

Harvesting and Threshing 

The more upright, 
harvest of ripe pods. 

half-bush growth habit greatly facilitate 
This plant form also tends to produce 

most of its blossoms within a short period, so that most of the 
ripe pods can be harvested in a single picking. While this 
situation favors commercial type picking, the trailing growth 
habit and the continued production of pods over longer period 
of time may produce substantially greater total yields. Where 
the supply of hand labor is not a limiting factor, the trailing 
plant type and extended period of harvest may be advantageous. 
However, the pods harvested from such plants will be variable 
in moisture content of the seeds, 
floors is a prime requirement. 

and final sundrying on drying 
Whatever t.:e method of harvest, 

the grain must be reduced in moisture content to 10 percent for 
safe storage. Higher moisture induces rapid moldin in warm 
weather and quickly makes seed for planting nonviab f e. 

Thoroughly dry pods are easily threshed by hand flailing 
or machine threshing, There should be no splitting of seed 
to produce high quality grain. 

Control of Storage Insects .P 
Cowpeas are susceptible to serious damage by storage in- 

sects of several types. Some infestations by weevils that 
have occurred in the field will carry over into storage unless 
promptly treated. Drying of seed and threshing should not be 
delayed, so that fumigation of newly harvested grain stops 
possible insect damage. Empty storage structures and containers 
should be treated with malathion or equally effective insecti- 
cides to destroy insect pests harbored therein. The new crop 
should be fumigated as it enters storage, and the fumigation 
repeated when there is any e\-idence of reinfestation. (For 
further details on fumigation, see the chapter on Maize, section 
on control of storage insects,) 



- 115 - 

CHAPTER 13 

CHICKPEAS 1' 
(Cicer arietinum) 

Other Common Names: garbanzo, gram, 
bengalgram 

Distribution 

Chickpeas are grown widely as a cool season annual in 
a brocld belt through the Mediterranean region to the sub- 
tropical and tropical regions of the Near East and Asia, 
and at higher elevations of the true tropics on other con- 
tinents. In terms of land areas occupied by the crop, India 
and Pakistan are the greatest users, but other important: 
countries include Burma, Iran, Turkey, Spain, Portugal, 
Morocco, Ethiopia, Tanzania, Mexico and Chile. The crop 
has received relatively little attention in te-rms of applied 
science and technology, despite its very wide use as a pre- 
ferred food in both rural and urban regions. Average yields 
reported in crop statistics are low, but recent research 
results in Iran and India show tha t 3 to 4 fold yield increases 
are feasible by the application of better cultural practices, 
and planting of higher yielding types. 

Food Status 

Chickpeas average 20% protein, 4.0 to 4.5% fat, 55% 
carbohydrate and 2.5 to 3.0% mfneral content. In common 
with other legumes, it is somewhat deficient in the amino 
acids methionine and cystine; but it is a useful supplement 
to cereals and other starchy foods that are rich in methionine 
and cystine, but deficient in lysine ano tryptophan in which 
chickpeas are rich. The chickpea is rated as being highly 
digestible, particularly the white or cream colored seed 
types; and its relatively high content of carbohydrates, 
fats and minerals make it a useful food in human diets. 
It is particularly desirable in diets that are low in animal 
proteins, that commonly occur in the tropics and subtropics. 
It, however, causes flatulence, which may become serious. 
in children. 

Chickpeas are widely sold in urban food markets through- 
out the tropics and subtropics, and thus conetltute an ;f- 
cellent eash crop for both domestic and export trade. 
is used both as a green vegetable as well as C;;ry pulse or 

Li Edited by J.S. Kanwar and K.B Sin h, International Crops 
Research Institute for the Semi-Ar d Tropics, Hyderabad f 
500016. A.P.. India 
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Utilization 

From the standpoint of human food, chickpeas are 
generally interchangeable with the other food grain legumes, 
although there are distinct local or regional preferences 
for different species and seed types. It is common to find 
several species of food grain le umes 
proximity to each other at many fI 

offered for sale, in 

point of view, chickpeas are 
sod markets. From a cropping 

somewhat interchangeable with 
the other cool season annuals 
beans. 

- lentils, field peas and broad 
Chickpeas also may be grown as the principal crop 

in regions where thera is a short s 
rainfall to grow only one crop. 

easan that has enough 
The crop appears to be 

widely regarded as a subsistence food crop; and when a fa- 
vorable season produces a surplus, the excess is marketed, 
With the advent of higher yielding varieties and improved 
culture to make production more dependable, chickpeas as 
a staple food crop for marketing may be expected to increase 
in popularity. 

Adaptation 

Climate 

Chickpeas are adapted to cool to mc;derate temperatures 
during growth, but tolerate considerable heat during the 
fruiting and ripening period,, In Xndia and Pakistan which 
have about 85% area of the world under the crop, 2t is pri- 
marily grown on conserved moisture in-winter. They respond 
to moderate rainfall, but are adversely affected by heavy 
rainfall in warm seasons because of plant diseases and in- 
sect pests. Crop culture is adjusted to these climatic con- 
ditions by planting at the onset of winter rains in the 
Mediterranean region and the Near East, and at the onset 
of the monsoon rains in winter or early spring in other Asian 
countries. At higher elevations in the true tropics, the 
crop is planted when ‘rains’ begin; which is the cooler sea- 
son of the year. Under irrigation, chickpeas are planted 
at the beginning of the cool season. Where rainfall distri- - 
bution permits double cropping, chickpeas follow the principal 
warm season crop - maize, rice, sorghum, etc. Quite often 
it is grown as a relay crop and planted in standing crop 
of cotton. Chickpeas will complete growth and ripening in 
4 to 5 months. 
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Soils 

Chickpeas are grown on a wide variety of soils, but 
the crop does not tolerate wet soils or soil salinity. Very 
heavy soils may cause problems in emergence of seedlings. 
The crop has a high requirement for mineral nutrients, but 
does not need nitrogen fertilizers, except in a small amount 
as a starter, It dP_~iVP_S its nitrogen from root nodules 
produced by chickpea strains of nodule bacteria, On land 
that has not grown chickpeas previously, it is essential 
to inoculate the seed with fresh cultures of chickpea root 
nodule bacteria. No further inoculation should be necessary 
for subsequent crops. 

Fertilization of chickpeas generally has been neglected, 
but the crop is known to have high requirements for phosphate, 
potash (on some soils), calcium, magnesium, and sulfur, or- 
dinary superphosphate, supplemented with potash, will supply 
all of these, if applied in appropriate manner (see section 
on fertilization). By analogy with other legumes, it is 
expected to have specific requirements for the "trace" ele- 
ments, particularly, zinc, to support high yields; and the 
deficiencies of certain soils in supplying these elements 
remains to be explored. The statistics on average yields 
do not reveal the probable yield potential under favorable 
cultural practices. 

Description 

The chickpea is an erect annual, 45.to 60 cm in height. 
The plant is well-branched, with pinnate leaves having 10 
to 20 leaflets. The flowers are borne singly on short stalks, 
white or tinted in color., Seeds are borne in short pubescent 
pods, 2-2% cm long and 1 cm wide, 1 or 2 seeds per pod. 
Seeds are large, + to 1 cm across, wrinkled with a point 
at one end; and varieties may have black, red, white, green 
or pinkish seeds. In regional types, small black seeded 
types seem to be associated with earliness and tolerance 
to adverse soil and climate conditions; but the white seeded 
types appear to be higher yielding under favorable growing 
conditions. However, genetic studzes indicate that plant 
and seed traits are inherited somewhat independently, so 
that various combinations of heritable traits are possible. 
Germination of seed is hypogeal, meaning that the cotyledons 
(seed leaves) remain in the soil and the growing sprout pushes 
through the soil to emergence. Soils that crust badly may 
interfere with seedling emergence. I. 

The chickpea has a tap root, rather well-branched. 
It permeates soils to some depth, permitting sustained growth 
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without appreciable rainfall, where significant storage of 
moisture in the soil profile has occurred during the period 
of rains. On shallow soils, such tolerance of drought is 
not possible. 

Varieties 

Extensive collections of regional types and "land races" 
have been made in India, Iran, Pakistan and some other coun- 
tries where chickpeas are an ancient food crop. These types 
have been the source of many selections, varying greatly 
in plant and seed characters, in productivity, tolerance 
or resistance to plant diseases and to the insect pests of 
the crop. A significant assembly of these promising selec- 
tions is available in the countries listed above, and also 
at the U.S. Department of Agriculture experiment station 
in Puerto Rico. The International Crops Research Institute 
for the Semi-Arid Tropics at Hyderahad (India), is a world 
center of research for chickpeas, where large collections 
are available. 

Improved varieties have been chosen from this collec- 
tion for specific regions in India, Iran and Pakistan; and 
multiplication and distribution of seed is underway,, Other 
selections may be better suited to differing ecological con- 
ditions., Active breeding programs to combine resistance 
to prevalent plant diseases and insect pests, with higher 
productivity and desired seed qualities, are underway in 
a few countries. The evaluation of existing selections and 
the breeding to develop improved adaptation to specific re- 
gions appears most promising. However, such improvement 
programs are useful only to the extent that they are combined 
with cultural practices that permit expression of productive 
potentials. 

Culture 

Fertilization 

Chickpeas do not require nitrogen fertilizers when na- 
turally or artificially inoculated with chickpea root nodule 
bacteria. However, the crop does have substantial require- 
ments for mineral nutrient elements, and virtually all tro- 
pical and subtropical soils are not naturally well supplied 
with these elements. Fertilizers and soil amendments should 
be used to correct soil deficiencies. Effective use may 
be made of animal dung as a substitute for fertilizers, or 
as a supplement. For this crop, the dung's value is that 
of supplying minerals, rather than nitrogen. It's role in 
providing "trace elements" may be decisive, although more 
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experimental evidence is needed to explain the precise reasons 
for benefits from dung. The "trace elements" are manganese, 
iron, zinc, boron, copper, and molybdenum. However, dung is 
also established as a source of readily available phosphorus. 

The use of ordinary superphosphate fertilizer will auto- 
matically supply calcium, magnesium, and sulfur as well as 
phosphorus; but concentrated superphosphate carries no sulfur. 
Ordinary superphosphate is preferred for legumes, Potash is 
likely to be deficient in regions of moderate rainfall. 

The need for mineral fertilizers and supplements is best 
determined by well-designed field trials. Where such results 
are not available, the use of laboratory tests on representa- 
tive soil samples from specific fields should provide useful 
guides to fertilizer needs. Laboratory indications should be 
confirmed by field trials. 

Generai recommendations should provide phosphate and 
potash applications at the ratio of 2 parts phosphare to 
1 par'c potash; the fertilizer placed in shallow furrows at 
the rate of 50 to 100 kg/hectare; the furrow partially filled 
with soil, on which seed is then placed and covered with 
2 to 3 cm of soil. However, where wilt is common and moisture 
is limited, deep planting at lo-12 cm is recommended, In such 
cases, side placement would be desirable. Bung may be applied 
with the fertilizer, or alone when fertilizer is not avail- 
able. The dung may serve as a practical, but limited, source 
of the trace elements. Specific recommendations on the need 
for trace elements must be based on field experiments. Sclch 
research may be highly productive; some experiments have show-n 
a doubling of yields where trace element deficiencies have 
been recognized and treated appropriately. 

Broadcast application of fertilizers is not recommended; 
furrow placement provides nutrients to seedlings when they 
have the greatest need, and largely bypasses the inactivation 
of phosphate fertilizers by interaction with the soil. 

Seed Bed Preparation and Planting 

Chickpeas should be planted on seed beds that are free 
of large clods and trash, rather firm but not fine, Lt sholuld x- ue moist re cansidcrable depths. LIIL Al 1 perep.p.ial, a~.d annllnl -------e 
weeds should be killed or removed by weeding. 

Planting time should be adjusted to the season; planting 
at the beginning of the cooler growing period, when moisture 
is expected to be adequate, is highly essential. 
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Row planting is recommended; broadcast plantings are 
wasteful of seed and do not permit effective placement of 
fertilizers. Row plantings also facilitate weed control, 
pest control treatments, and harvest, RQW spacings should 
be adjusted to the plant size of the varieties, 30 to 100 
cm apart. Seeding rates should provide one plant per 10 
to 30 cm of row, the closer spacing used when soil moisture 
supplies are expected to be reasonably adequate, The amounts 
of seed will range from 50 to 100 kg;/hectare depending on 
the seed size of the variety. 
viability; 

Planting seed should have high 
above 80% germination. (NOTE: NO recommendations 

are made on treating seed before plxng, since such treat- 
ments are poisonous to man when surplus seed is eaten; and 
must follow the in-COUntry regulations.) 

Weed Control 

Chickpeas are not strongly competitive with weeds, and 
weed control is necessary. Weeds should be killed while 
quite small to eliminate competition with the crop, Weeds 
should be removed by minimum damage to the chickpea root 
system, whether by pulling, hoeing or other tillage, Gene- 
rally one weeding after 45 days of emergence is enough to 
keep the weeds under control. For weed control by herbicides 
there are specific herbicides that kill weeds without injury 
to chickpeas; these may be best used when prompt control 
is needed and labor is not immediately available. 

Disease Control 

Chickpeas may be attacked by a variety of leaf and stem 
diseases and wilts. These are most serious in periods of 
continuing rains and high humidity, particularly at higher - - a _ e temperatures. In general, the best means ot coping with 
these are: (1) to plant resistant,strains or varieties of 
the crop, (2) practice crop rotation so that the land is 
not cropped to chickpeas in successive years, (3) use disease 
free seeds from the localities where the disease does not 
occur, and (4) destroy diseased debris either by burning 
or burying underground, Breeding programs to develop strains 
that have greater disease resistance is the most promising 
attack for future progress. 

Insect Pest Contr-1 - 

The most damaging insect pests vary with the region. 
They may include seed maggots,, leaf miners, thrips, bollworms 
weevils, pod borers and mites, In general, such pests are 
f avored by higher humidity at warm temperatures, There are 
no general treatments; the treatment must be adjusted to 
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the specific insect pest that is damaging. General purpose 
insecticides useful in pest control are available and should 
be r;sed when pests threaten to become SEhQUS. There are 
specific pesticides which control the pod borer. 

Fortunately, there are distinct varietal and strain 
differences in resistance to particular pests. These avail- 
able resistant strains should be used where possible and 
breeding programs undertaken to combine resistance with other 
desired traits as a long time improvement program. 

For further information on 
4 in book on "TrQpical Agricultu 
list following Chapter 40.) 

02, see Chapter 
Y- (Reference 

Harvest 

It is essential that the seed be dried to about IO"/, 
moisture for safe storage without molding. Unless there 
is danger of losses by shattering of seed from pods, plants 
should stand in the field until seed is well dried, Such 
sun drying is highly effective, If earl&r harvest Is needed, 
subsequent sun drying on hard surfaces should occur promptly. 

Threshing is accomplished by hand flailing, taking care 
not to crack or split the seeds. Machine threshing is quite 
feasible, if adjusted to avoid seed crackin and splitting. 
If seed moisture has not been reduced to lo., at threshing f 
time, further sun drying in thin layers on hard surfaces 
is required to avoid molding in storage. 

Storage Insect Pest Control 

Losses from insects infesting stored seed and grain are 
invariably serious unless suitable treatments are applied. 
All empty storage structures and containers should be treated 
with malathion or equally effective insecticides before the 
new crop is placed in storage, to kill all insects therein. 
The new crop must be fumigated before being put in storage 
to kill insects already present; and again fumigated when- 
ever there is any evidence of r&nfestation. For further 
details of fumigation, see the Chapter on Maize, section on 
storage insect pest control. 
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CHAPTER 14 

LENTILS 11 
(Lens?ZXiZris) 

Geographical Distribution 

Lentils are an ancient food crop, widely grown as a 
cool season annual in the Mediterranean region, through the 
Near East and Subtropical Asian ccuntries. It is also im- 
portant in higher altitude tropics in other continents. 
Countries with the greatest production in 197% include India, 
754,000 ha, Pakistan, 140,000 ha, Turkey, 103,000 ha, Syria, 
129,000 ha, Iran, 
60,000 ha, Egypt, 

55,000 ha, Ethiopia, 180,000 ha, Russia, 
20,000 ha, Morocco, 35,000 ha, Algeria, 

23,000 ha, Jordan, 22,000 ha, and the U.S.A., 27,000 ha. 
There are great differences in average yields per hectare 
between countries, 
yields being 

as much as 4-fold differences, the highest 
reported by Egypt with 1,930 kg/ha and the lowest 

of ehe countries listed above being India and Morocco with 
averages of 470 and 390 kg/ha, respectively. The yields 
are 3 to 4 times as high as the national averages, These 
reports suggest that this ancient crop has great undeveloped 
potential, which has remained latent through neglect, Lentils 
have received but little research attention even in developed 
countries; and there have been scant efforts to apply modern 
science and technology to improved lentil productfon in less 
developed countries. 
such neglect, 

The crop has remained important despite 
because of its popularity as a foodstuff, and 

the special niche it holds in farming systems. 

Food V&lues 

Lentils are a high-protein foodstuff, that substitutes 
for animal proteins in the tropics and subtropics where 
human diets are generally deficient in proteins. Lentils 
average 24 to 25% protein, 60% carbohydrates, 1.0% fat and 
3.0% mineral matter. The protein is somewhat deficient in 
two amino acids - methilonine and cystine, but is weii sup- 
plied with lysine and tryptophan. Lentils are an excellent 
supplement to the cereal grdins that are characteristically 
low in lysine and tryptophan, but higher in methionine and 
cystine. Since lentils are rich in carbohydrates, and are 
easily cooked and quite digestible, they constitute a nutri- 
tious foodstuff. Lentils may develop hard seed coats depend- 
ing on variety and environment in which grown. The hard 

Y Edited by F.J. Muehlbauer. Research Geneticist, Western Region. ’ .culturel 
Research Service, U.S. Department of Agriculture, in cooperati th Wash- 
ington State University, Pullman, Washingcon 99163 and James M. tlk. 
Research Entomologist, Vegetable Laboratory, Northeastern Rogi~x,. Agricul- 
tural Research Center, Beltaville, Maryland 20705 



- 123 - 

seed coats are responsible for increased cooking time as 
is the case with the bean, for example. 

Lentils are interchangeable with other food grain le- 
gumes as a high-protein foodstuff, despite strong local or 
personal preferences for individual types and kinds of food 
grain legumes. In urban food markets, it is customary to 
see several food grain legumes offered for sale side by side, 
such as lentils, chickpeas, beans, peas, cowpeas, mungbeans, 
and broadbeans. Although lentils have specific attractiveness 
as a food, they must compete with other species in terms 
of unit costs, and such costs are reflections of relative 
production efficiencies. Improvements in crop yields are 
needed to expand the usefulness of the crop. 

Utilization 

In common with other food grain legumes, lentils have 
a reputation for improving soil fertility of land on which 
they are grown. This is because of the residual hi her ni- 
trogen content of the soil, contributed by the nodu 9 ated 
root system. In a general sense, lentils may be used inter- 
changeably with the other cool-season, food grain legumes - 
chickpeas, peas, and broadbeans - in farm cropping systems. 
The choice among these is influenced largely by relative 
yields, and net returns to the grower, As a group, these 
food grain legumes are generally accorded a minor role in 
cropping systems because other crops have been more productive 
and yield greater net returns. The application of science 
and technology to lentils (and other food grain legumes) 
should raise yields, as shown by some field experiments in 
India, Iran, and Pakistan. The increased yields, resulting 
from improved varieties and cultural practices, should be 
valued in terms of market prices to determine gross and net 
returns for the crop. Lentils have the potential for becoming 
a major crop, as well as a crop that fits a convenient place 
in a cropping system, as a cool-season short-season annual 
grown in conjunction with a warm-season principal crop. 

Adaptation 

Lentils are well adapted to cooler temperatures, and 
the short growth period of the crop permits fitting them 
into cropping systems to utilize cool, moist seasons, between 
other warm-season major crops. The crop is grown as a winter 
annual in the Mediterranean region where it is planted soon 
after fall rains begin, and ripens during the following spring. 



- 124 - 

This generail relationship extends across the Near East through 
Iran into Pakistan and India. Although planting is timed 
to precede the onset of rains, the crop usually ripens before 
high temperatures occur. In the tropics, 
at higher elevations, 

lentils are grown 
where there is a cooler season at the 

time of seasonal rainfall. 
lands, northern Mexico, 

Ethiopia and East African high- 

these conditions. 
and the Andean countries provide 

Lentils do not tolerate heat and drought, 
and yields are severely depressed when these occur during 
the growing season. 

Soils 

Lentils prefer soils of moderate depth, generally good 
fertility, well-drained, and free of salinity. The crop 
grows on a wide range of soil textures, wh;>n carefully ma- 
naged. It responds to use of mineral fertilizers, but not 
to nitrogen fertilizers, The effective methods of using 
fertilizers are not well understood; the broadcasting of 
fertilizers either before or after planting produces little 
benefit. As with most legume crops, improved cultural prac- 
tices will produce more favorable growth conditions for 
lentils and subsequently increased yield of grain. 

I 
I Description 

Although there are substantial variations between va- 
rieties, the lentil is a short-season, erect, bushy, annual, 
herbaceous plant, that grows 25 to 75 cm tall. The stem 
is branched with pinnate leaves, having 4 to 7 pairs of 
leaflets, the leaf ending in a short tendril. The single 
or double flowers are borne on short stalks, and may be white, 
lilac, or pale blue. The pods are short, with 1 ~a 2 seeds. 
Seed coats of different strains and varieties may be green, 
reddish-green or brown in color. The seeds are typically 
lens shaped; the larger types are greater than 7 mm in dia- 
meter, while the smaller seeded types may be as small as 
2 mm in diameter, and varying from 13,000 to approximately 
50,000 seeds per kilo, The growing season for individual 
strains may vary from 70 days to 110 days, from planting 
to maturity. 

Lentils have a branched tap root system, that penetrates 
3/4 to 1% meters into the soil. Under favorable conditions, 
the roots are well nodulated; the nodules being produced 
by lentil-type specific bacteria that fix nitrogen in forms 
utilized directly by the lentil plant. If the crop has not 
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previously been grown on individual fields, the seed should 
be inoculated with fresh culture6 of lentil root nodule 
bacteria, just before planting. 

Varieties 

Extensive collections of local and regional types of 
lentils (several thousands) have been made throughout the 
major lentil growing regions of the Mediterranean, the Near 
East, Asia, and Ethiopia. Seed of these, a6 well a6 of the 
improved selections, are available in the research institu- 
tions in Iran and India, and at the U.S. Department of Agri- 
culture Plant Introduction Station at Pullman, Washington, 
USA. Certain selections have also been made available to 
research institutions in a number of countries. 

To date, the selections made seem to have regional 
adaptation, rather than being generally more productive in; 
all ecological zones. The superior performance of selections 
depends on climatic and soil adaptation, and resistance to 
specific diseases and insect pests. However, length of 
growing season, growth habit and size, seed characteristics, 
and non-shattering traits are universally expressed. 

Since lentils are self-pollinated, the seed from indi- 
vidual strains breed true. Therefore, the increase of ge- 
netically pure seed is easy to achieve. The specificaily 
desired traits from different selectXons may be combined 
by controlled hybridization. Thle hybrid populations are 
grown at least five generations, when the bulk hybrid breeding 
method is used, plants are then selected for desired cornbi- 
nation6 of traits. When the pedigree breeding method is 
used, selection of plants begins as early as the F2 genera- 
tion and continues in subsequent generations until uniformity 
is achieved. Since plant breeding is time consuming, full 
use should be made of promising selections made in other 
regions having similar ecological conditions. 

_Culture 

Fertilization 

There is very limited realization that lentils respond 
strongly to mineral fertilizers. The soils of the tropics 
and subtropics are characteristically rather deficient in 
mineral nutrients, but responses to fertilizers carrying 
these may be vitiated by failure to apply them in a manner 
that ensures their availability to the crop. Lentils respond 
to phosphate fertilizers rather strongly, to potash on cer- 
tain soils only, and almost never to nitrogen fertilizers, 
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The phosphate should be placed in bands about 5 cm below 
the seed, so that the seedling roots will have ready access 
to it, but allowing only limited contact between phosphate 
and soil which causes conversion to unavailable forms. 

Lentils also have 6ubStantial requirements for calcium, 
magnesium and sulfur. When ordinary superphosphate is used 
as a fertilizer, these other elements are provided in ade- 
quate amounts as well as phosphate, However, when concen- 
trated superphosphate is used, it supplies phosphate largely 
and Z.s deficient in sulfur which must be supplied by other 
means. 

Dung has been a traditional fertilizer, and it has va- 
lues beyond those of chemical fertilizers. The phosphate 
contained is highly available, and dung carries other min- 
erals as well. Broadcasting dung is a less effective use 
than placing it in shallow furrows below the seed. 
a shallow furrow, spreading the dung, 

Opening 
and covering it with 

5-10 cm of soil, then placing the seed, and covering it wPth 
2-3 cm of soil, will permit maximum benefit6 from dung. 
Superphosphate may be spread with the dung, 

There is fragmentary evidence that "'trace" element de- 
ficiencies occur on many tropical and subtropical soils. 
The elements are manganese, iron, copper, zinc, boron, and 
molybdenum. The specific deficiencies doubtless vary with 
soil type, and research is needed to identify the deficient 
element(s) in any region, so that appropriate treatments 
can be made. For the present, the use of dung is recommende 
as a natural product carrying small amounts of the trace 
elements in an available form. In some.limited tests, rathe 
pronounced yield increases have been produced by adding "tra 
elements as well as fertilizers. 

Seed Bed Preparation 

The seed bed should be free of large clods, trash and 
growing weeds, relatively firm, and moist to the expected 
depth of the root system. 

Planting 

Broadcast planting is ncrmally not recommended. Row 
planting permits proper placement of fertilizer, and it fa- 
cilitates weed control and application of any insecticides 
needed. Rows may be spaced 60 cm apart, with seeding rates 
to produce 1 plant per 10 cm of row or less, using closer 
spacings for smaller varieties. Since the germination is 
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hypogeal (the cotyledons remaining in the soil, and only 
the growing sprout pushing to the surface), soil crusting 
will be a detriment to a full stand of plants. Planting 
should be made in moist soil to foster prompt germination, 
Hard seed may be responsible for poor germination and emer- 
gence. Seed should be treated before planting to kill any 
maggots or weevils in the seed. 

No specific recommendations are made for treating seed 
before planting since such treatments must follow in-country 
regulations. 

Weed Control 

Lentils are not strongly competitive with weeds and 
failure to control weeds will seriously reduce yield;. Weeds 
should be killed while still small, before serious damage 
has been done to the crop. Care should be taken not to in- 
jure the crop root system, whether weed control is by pulling, 
hoeing, or use of herbicides. 

It is important that sowing seed be free of Vicia species; 
especially V. sativa var. platyspenna which i6 necidentical 
in plant ana seedcharacteristics as common lentils and is 
somewhat a problem in some lentil growing areas. 

Disease Control 

Diseases of lentil are often an important factor limiting 
yields and reducing seed quality. Several diseases causeti 
by fungi, bacteria, viruses, and nematodes affect the seeds, 
pods, foliage and roots of lentils. Little research has 
been done on the pathogens causing these diseases or on their 
control by use of resistant varieties, chemical methods or 
cultural practices. 

Lentil varieties resistant to some diseases, e.g. root 
rot, rust and viruses, have been developed in a few countries, 
like India and Iran. However, lentil varieties resistant 
to diseases In one country or region may nat be resistant 
to these same diseases in other areas due to differences 
in the microorganisms causing the diseases, weather condit!>ns, 
soil and othek factors, Thiw emphasizes the importance of 
developing disease-resistant lentils in the regions where 
particular diseases are prevalent and of importance. It 
is also important to *Ifant seeds that are free of diseases, 
since some lentil patingens are carried by seed. Lentils 
should not be grown rf:peatedly on the same land since some 
of the soil-borne diseases which affect this crop survive 
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for several years in the soil. With repeated cropping, these 
y;;izEens often multiply to levels which cause large crop 

0 

No recommendations are made for treating seed before 
planting since seed treatments must follow in-country re u- 
lations. Seed treatment is nevertheless very important f or 
the control of pathogenic fungi and bacteria on the seed 
surface and in the soil. Treated seed should never be used 
for livestock or human food. 

Harvest 

The ripening process should be allowed to continue in 
the field until the grain is fully dry. The moist;re con- 
tent should not exceed 10% for safe storage of the seed 
without molding. This stage of dryness is more easily 
achieved in the field than elsewhere. If earlier harvest 
is made to avoid shattering losses of grain, final sun-drying 
should be carried out on hard surfaces so that grain can 
be easily salvaged. 

Threshinq 

Threshing may be done by hand flailing or by machines. 
Machine threshing is quite feasible, if proper adjustments 
are made to avoid splitting or cracking the seeds. All 
trash and fdreign matter should be removed beir'ore placing 
the grain in storage. 

Storage Insect Pest Control 

Protection against storage insect damage requires immfe- 
diate treatment after threshing. Empty storage structures 
and containers should be treated with malathion or other 
effective insecticides to kill all insects harbored in them. 
However, the grain must not be treated with poisonous insect- 
icides. Instead, the lexl crop should be fumigated with 
appropriate fumigants when placed in storage, and treated 
again whenever any signs of reinfestation occur, For further 
details, see the Chapter on Maize, section on control of 
storage insect pests. 
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CHAPTER 15 

BROADBEANS l/ 

(Vicia faba) 2/ -- 

Other Common Names: lJ horsebean, Windsor bean, 
field bean, fava (or faba) 
bean, tick (or tic) bean, 
dhai, mazagan, fool (Arabic). 

Description 

The broadbean is a hardy, erect, simple-stemmed 
annual without tendrils, ranging from 30 to 190 cm in 
height and with one or more basal branches. It is very 
leafy with each leaf having from 1 to 3 pairs of smooth 
leaflets. The flowers, 2 to 6 in number, are borne in 
the leaf axils and are usually dull lghite in color with 
purplish lines on the standard, and gark patches on the 
wing petals. The pods are large and thick ranging from 
4 to 30 cm in length and generally with 2 to 6 seeds per 
pod. A great variation occurs in seed size, with a range 
of 1,100 to 6,500 seeds per kilo, and the color may be 
light buff, brown, green, purplish or black. 

The plant has a tap root system with many lateral: 
branches, but has only moderate soil occupation consider- 
ing the robust nature of the top growth. 

Geographical Distribution 

Broadbeans are a cool-season food grain legume, grown 
in the winter period in subtropical regions and at high 
elevations in the tropics. In temperate regions they may 
be either winter or spring planted depending on the variety. 

L/ Edited by G= C= Hawtin, The Arid Lands Agricultural 
Development Program (ALAD), Beirut, Lebanon; D. A. Bond; 
Plant Breeding Institute, Maris Lane, Trumpington, Cam- 
bridge CB2 2LQ, England; and Ali E. Kambal and M. 0. Khidir, 
Faculty of Agriculture, Khartoum University, ShamBat, Sudan. 

21 Vicia faba is frequently divided into subspecies tith 
some common names being "limited to a particular subspecies. 
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Countries with the greatest production include Egypt, 
Ethiopia, Morocco, Tunisia, Turkey, Brazil, Ecuador, Peru 
and Mexico. Production is substantial also in Italy, 
Spain, i the Peoples Republic of China and the United Kingdo 

National yield averages range from 330 to over 2,000 
kg per hectare and large variations occur within indivi- 
dual countries, Undoubtedly, part of this wide range is 
due to the suitability of the climate for the species but 
much may be credited to differences in the application of 
available science and technology to the culture of the 
crop. The results from many field experiments indicate 
that yields may be increased several fold by rowing 
improved strains with suitable cultural pract ces. f Broad- 
beans, however, have receive4 far less research attention 
in the tropics than have the cereal grains, but with the 
current growing interest in grain legumes this situation 
may soon be remedied. 

Food Value 

The broadbean is a very valuable source of plant pro- 
tein and is of considerable importance in the diets of man 
people in the tropics and subtropics, where it supplements 
or 'extends" the often limited sup lies of animal protein. 
Broadbeans average 25% protein, 58%. carbohydrates 1.5 to 
2.0% fats and about 3% minerals. The protein is iomewhat 
deficient in the two essential amino acids - methionine 
and cystine but it is relatively rich in lysine which is 
characteristically deficient in cereal grains. Since 
cereals are well sup lied with methionine and cystine, a 
combination of cerea P foods with broadbeans or comparable 
food grain legumes, provides a more desirable amino acid 
balance in the diet than can be attained with cereals alor 
Since broadbeans are also rich in carbohydrates, easily 
cooked, and high in digestibility, they warrant an impor- 
tant role in agriculture in those regions in which the 
crop is adapted, In addition, broadbeans are rich in the 
minerals calcium and phosphorus, and are generally higher 
in vitamin content than the cereals, which add to their 
value in human diets. 

Although many of the toxic substances found in other 
Vicia species, (e.g. the cyanogenic glycoside, vicignin) 
are either absent, or present in only very small concen- 
trations in broadbeans, low levels of certain tripsin 
inhibitors have been identified. It has been found that 
in general animal feeds should not contain more than 30 
percent of the bean. 
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Broadbeans are known to cause favism or vicism, a 
disease characterized by hemolytic anemia, in certain 
individuals in countries surrounding the Mediterranean, 
Susceptibility is believed to be of genetic origin. 

Utilization 

Broadbeans are grown both as green shell beans and 
as dry beans for human consumption. The dry beans may 
also be used for feeding to animals including ruminants, 
pigs, poultry and even fish. The whole plant is some- 
times made into silage, but it is rarely used as a hay 
or straw since on drying the stems and leaves tend to 
become rather hard. 

The broadbean is regarded as a soil improving crop, 
primarily because of the increased residual nitrogen 
content of the soil left by this legume. The roots of 
the broadbean, in common with most legumes, produce a 
large number of nodules if they are inoculated with the 
right strain of Rhizobium root nodule bacteria. The 
plant not only receives all of the nitrogen compounds 
needed for growth from these nodules, but also large 
amounts of unused nitrogen compounds may be left in the 
soil. If the bean tops are not removed, their addition 
to the soil also contributes nitrogen and organic mater. 
The improved soil fertility following a crop of broad- 
beans will often reduce the need for nitrogen fertilizer 
in the succeeding crop. 

Broadbeans have generally not been accorded a role 
as a major crop in farming systems, due in part to low 
and unstable yields in comparison with the cereals. It 
is now evident that yields may be greatly increased by 
the application of existing knowledge and this should 
enhance both the gross and net returns from the crop. 
The dry grain holds a strong position in food markets 
generally, and if higher yields and net returns are 
achieved, it can be expected that an increasingly impor- 
tant part will be played by this crop in the future. 

. 
The following discussions deal with enhanced pro- 

duction requirements. 

Adaptation 

Climate 

Broadbeans are sensitive to high temperatures, parti- 
cularly at a blooming time, which cause dropping of 
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blossoms and failure to set seed. High temperatures can 
also induce severe disease problems. The crop thrives 
in the cool weather typical of winter and spring months 
in the subtropics, 
irrigation). 

and responds to moderate rainfall (or 

true tropics, 
It grows well at higher elevations in the 
if planted at the beginning of the cooler 

season when the rains arrive. The crop of beans should 
be well developed before moisture supply is exhausted, 
but drier weather is favorable during the final stages 
of seed development and ripening, Successful broadbean 
production requires careful adjustment of culture to 
climatic conditions. 

Soils 

The crop prefers soils of moderate to good fertility, 
well drained, and medium in texture. 
salt resistant, 

It is moderately 
which is a desirable trait in most regions 

of limited rainfall. A high percentage of tropical soils 
are deficient in mineral elements but the responses of 
broddbeans when such deficiencies are corrected has been 
poorly explored. By analogy with other legumes, however, 
it is expected that there is a good potential to be exploi 

Varieties 

Collections of regional types, races, and named varie 
ties have been made by several research institutions, in- 
cluding Karaj College in Iran. These collections together 
with certain selections made within them are grown by the 
U.S. Department of Agriculture at Puerto Rico. Research 
stations in Europe and Canada have collections of types 
and varieties adapted to those countries. Although the 
limited collections made to date show great diversity in 
plant and seed characteristics as well as yield and adapta 
tion, the full potential of the species is believed to be 
much greater than revealed by the present collections. 

Field evaluations of these coiiections have shown as 
much as a 4-fold increase in grain yield of certain types 
as compared with others from the same region under zompar- 
able cultural practices. 
4,000 kg/ha in some tests, 

The higher yielding lines avera 
compared to an average yield o f 

1,000 kg/ha and it is apparent that yield potentials have 
not yet been fully exploited. Some part of the great diff 
ences in yield may be attributed to varietal differences i 
resistance to plant diseases. 
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Culture 

Rotatioz 

Broadbeans should not follow any kind of beans in 
rotation but fit well both following and preceding a 
cereal grain crop. Such a rotation would help to control 
nematodes and diseases, facilitate weed control and pro- 
vide a source of nitrogen for the cereal crop. 

Fertilization 

Nitrogen fertilizers are not generally required for 
broadbcan production; however, applications of from 10 to 
30 kg per hectare of nitrogen are sometimes applied as 
"nitrogen starters". Broadbeans have been shown to be 
responsive to phosphate fertilizers when effectively 
positioned in the soil, even though there is little res- 
ponse when such fertilizers are broadcast or mixed with 
the surface soil. The most effective method of supplying 
phosphate is in bands placed bel.ow and about 7 cm to the 
side of the row before planting. Animal manures may be 
similarly placed. An effective procedure is to place 
fertilizer and/or dung in a shallow furrow, cover with 
5 cm of soil, place seed, and then cover with 3 to 5 cm 
of soil. This placement of phosphate avoids the inter- 
action with soil that renders phosphate unavailable, and 
insures prompt access to phosphate by the developing root 
system. Potash is rarely deficient in soils of regions 
with limited rainfall and on soils that have not had a 
long history of cropping, but if needed it may be applied 
with the phosphate. 

The value of manure seems to be related to the high 
availability of the phosphate it contains, but other real 
benefits have not been well explored. Since some tropical 
and subtropical soils have been shown to be deficient in 
"trace" elements (manganese, iron, zinc, copper, boron, and 
molybdenum), and animal manures carry small amounts of these 
in a readily available form, the responses from manure may 
be attributed in part to correction of trace element defic- 
iencies. 

Fertilizer needs should be determined by well designed 
field trials. In the absence of such trials, the applica- 
tion of superphosphate at rates of 50 to 100 kg/ha of P2O5 
may be used. If potash is deficient, this may be applied 
at rates to deliver 25 to 50 kg/ha of K20. Trials in 
temperate regions on soils that have been farmed for many 
years suggest the possible need for potassium. 
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Seed Bed Preparation 

Land should be prepared for planting by killing all 
weeds present, removal or turning under all coarse trash, 
and breaking up of any coarse clods. Fertilizer should 
be positioned below the seed before planting, 

Planting 

Broadcast planting is not recommended, The crop 
should be planted in rows 75 to 100 cm apart and seeded 
to provide one plant per 15 to 25 cm of row. The closer 
spacing is preferred for varieties with small growth 
habits. Such spacing will require 70 to 100 kg/ha, depend- 
ing on varietal seed size. Depth of planting should be 
such as to place seed in moist soil, but no deeper than 5 
cm to avoid poor emergence should soil crusts develop as 
a result of heavy rains followed by rapid drying. If 
simazin pre-emergence spray is to be used, the seed should 
be covered to a depth of 7 cm. 

Planting seed should be treated to control insects 
when put in storage and again before planting if weevils 
are suspected to be within the seed. It is probable that 
weevils within the seed bulk but not inside the grain will 
be Sitona spp. and those in holes within the grain will be 
thebeetle Bruchus. Suitable seed should have 80% or 
greater via- Treating the seed with a protectant 
before planting should be carefully limited to that seed 
which is to be planted immediately since such treatments 
are poisonous to man if the seed is eaten. 
regulations must, 

The in-country 
or course be followed. 

Weed Control 

Weed control is necessary for higher yields. Early 
weed removal is important, to remove weeds before they 
damage the crop's root system by competition. If pulling, 
hoeing or ocher tillage cannot be completed in timely 
fashion, herbicides may be used to kill weeds without 
disturbing the broadbean root system. Good weed control 
has been obtained by the use of simazine as a pre-emergence 
spray. If this chemical is used, the seed should be covered 
with at least 7 cm of soil and this should not be disturbed 
after spraying. 

In many regions the parasitic weed broomrape (Orobanche 
spp.) can cause very extensive damage and in some countries, 
e.g., EgYPta it constitutes a factor of major importance in 
limiting yield. At present, no completely effective herhi- 
tides have been found, although certain trials have indicate 
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that the chemical "eptam" may give a useful measure of 
control. On land which is very badly infested it may be 
necessary to stop broadbean production for several years. 

Disease Control 

There are a %;umber of fungal diseases which may ~a~~~~: 
extensive damage to crops of broadbeans in tropical 2;n.d 
subtropical regions. These diseases include chocolate 
spot (Botr tis fabae and Botr tis cinerea) broadbean rust 
~~;;my~)~afspo&kknown as blight or a;:$;;: 

scuchyta fabae), powdery mildew (Erysiphe po?J 
and ;he root rots(Fusarium spp. and Rhizctonia-spp.. . 

The most important control measures are: (1) plant- 
ing varieties which are resistant to the diseases commonly 
present in the regions, (2) field sanitation and (3) using 
suitable agronomic practices. Field sanitation consists 
of such things as crop rotation, so that broadbeans are 
not grown on the same land in successive years and removal 
of all crop residues after grain harvest. These measures 
reduce the disease inoculum present when the next crop of 
broadbeans is grown. Agronomic practices which are impor- 
tant in disease control include the use of wide rows to 

I help prevent disease spread, a date of planting which 
,*> minimizes infection and development of the disease, and the 

maintainance of suitable soil moisture levels through the 
use of irrigation and drainage. Chemical control has been 
shown to be effective in several cases, e.g., chocolate 
spot can be controlled by the use of benomyl or dithane 
M.45 and leaf spot can be effectively controlled by seed 
treatments. 

In addition to the fungal diseases, the broadbean is 
susceptibl e to a number of viruses including broadbean 
mosaic virus (BBMV), bean yellow mosaic virus (BYMV), pea 
leaf roll virus (PERV) and alfalfa mosaic virus (AMV). 
Little resistance to these viruses has been found, and the 
best control is achieved through spraying or agronomic 
practices to reduce the aphid vector populations. 

Insect Pest Control 

Broadbeans may be attacked by various insects that 
can cause serious damage. These include aphids, thrips, 
weevils, and cutworms. If possible varieties should be 
planted that are resistant to important local, insects. 
Crop rotation is an asset, but it may be necessary to 
combat infestations by application of insecticides. Sitoma 
is often present and can 'be controlled with BHC, but dam- 
age rarely warrants it. Aphis fabae can be devastating 
and must be controlled by system-prays or they can be 
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quickly knocked down with demeton-S-methyl (not dimethoate 
because of danger to bees). Slow, but persistant contro'b, 
can also be obtained with menazon and preventative and 
persistent control. can be obtained with granules of disul- 
foton or phorate. All insecticides should be applied 
according to manufacturer's recommendations. Timing is 
important and should be applied ff pnss~bie when mpg+ 
cation machinery will do a minimum of damage to the crop. 

In any spray program bees should be protected and if 
none are present they should be introduced, especially in 
open type landscapes where there are few nesting places 
for bumble bees. 
flower petals, 

Apart from their help in tripping the 
the bees can cause up to 30 or 40% out- 

crosSing which helps maintain a degree of heterozygosity 
in the population. Although 'some varieties, especially 
the small seeded ones are more autofertile than others, 
the chances of a good seed crop are better with pollinatin 
insects present, and a crop that is partly cross-fertilize 
should provide better yields in the next generation than 
one that is completely self-fertilized. 

For further information on Crop Protection, see 
Chapter 4 in book on “Tropical Agriculture", by Wrigley 
(Reference list following Chapter 40). 

Harvest 

The beans are fully formed when the pods begin to 
turn color, but seeds should dry down to about 10% moistur 
for safe storage. Field drying on the standing plant is 
the most effective method, unless the variety tends to 
lose seed by shattering as the pods dry out. Most varie- 
ties, however, should be harvested while some pods are 
black and some are still green and allowed to ripen after 
cutting. 

Threshing 

Broadbean seeds are large, and threshing practices 
should be adjusted to avoid cracking or splitting of the 
beans. Hand flailing is common but broadbeans can be 
combined direct provided the crop is ripe and dry, concave 
are set wide (according to seed size), drum speed is slow 
(about 650 r.p.m.) and with full airflow, fast forward 
speeds and proper size sieves. 
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Control of Storage Insects 

In common with other legume seeds, broadbeans may 
suffer severe and rapid damage in storage unless immediate 
treatment is given. The danger of infrstations from insects 
harbored by empty storage atructurcs or containers may be 
avoided by treating these with mal.athion or other suitgbie 
insecticides. The grain shouid be fumigated at the time 
it nters storage to kill ifiSeCtS carried from the f%eld 
In Ehe event of later infestations, additionai fumigation 
may be needed. 
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CHAPTER 16 

MUNGBEANS 11 

(Vigna radiata) 
(Formerly, Phaseolus aureus and p. radiata) 

Other Common Names: green gram, golden gram 
moong, mongo, mung 

Distribution and Utilization 

Mungbeans are grown widely in the southern half of 
Asia, including India, Burma, Thailand and the Philippines. 
They are grown to a lesser extent in many parts of Africa 
and in the tropical Americas. They are grown in Oklahoma 
in the U.S.A. Mungbeans are grown widely as human food 
(dry beans and sprouts), but also may be used for green 
manure (soil improvement), and as forage for livestock. 
They are frequently grown as a secondary crop in rotation 
with rice, or cotton, or wheat, or corn. 

Mungbeans are high in protein--24%--and are useful 
in human diets to supplement cereal grains and other starchy 
foods. The protein is somewhat deficient in two amino acids 
--methionine and cystine-- but well supplied with lysine and 
tryptophan in which cereals are deficient. Cereals are 
higher in methionine and cystine, so that the two classes 
of crops are supplementary in terms of balancing the dietary 
amino acid content. Mungbeans are used as a supplement for 
scarce animal proteins in the tropics and subtropics. 
Mungbeans average high in carbohydrates (58%) making them 
a nutritious foodstuff. They are easily digested and re- 
puted to be lcw in flatulence. 
calcium and phosphorus, 

They are well supplied with 
as well as with vitamins, adding to 

their importance in human diets. 

Adaptation 

Mungbeans are best adapted to warm climates. The crop 
is often grown with limited rainfall, by utilizing residual 
moisture in the soil profile after an irrigated crop (rice, 
cotton), or as a main crop in a region with a short rainy 
season. When grown in a prolonged rainy season, the vege- 
tative growth tends to be excessive, the plants may be broke 
over by heavy winds or rainstorms, and seeds may germinate 
or mold in the pods. Mungbeans are responsive to changes in 

Edited by J.M. Poehlman. Professor of Agronomy, Department 
of Agroncmy. College of Agriculture, 
Columbia, Missouri 65201 

University of Missouri. 
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length of the daylight period. They flower quickly when 
grown in the short days and higher temperatures of the 
tropics but flowering may be delayed in long photoperiods 
at high latitudes. Varieties differ in their photoperiod 
response. 

Mung,beans are adapted to fairly deep and fertile soils, 
Soil depth is important from the standpoint of the moisture 
that may be stored in the soil profile. Soil fertility 
does not include the nitrogen-supplying power of the soil, 
since the mungbean is a legume, capable of supplying its 
nitrogen needs independently of soil or fertilizer nitrogen 
when su plied with proper cultures of Rhizobium. 

K 
Mungbeans 

have a igh requirement for mineral nutrients (phosphorus, 
I 
~ 

calcium, magnesium, and sulfur), and higher 
",P%~%; produced on soils capable of meeting the crop's 

I requirements. 

Description 

The mungbean is a member of the legume family. It is 
a warm-season annual, with different varieties growing 30 
to 60 cm tall, with an erect but spreading habit of growth. 
It has trifoliate leaves resembling those of cowpeas@ except 
they are prominently hairy. Yellow flowers are borne in 
clusters on peduncles of variable length; pods are neatly 
cylindrical, 4 to 10 cm long, hairy to smooth, carrying 8 
to 12 seeds per pod. Seeds are roundish to square on the 
ends, and generally are smaller than most food grain legumes 
--20,000 to 25,000 per kilo. Seed colors of types and va- 
rieties are usually green but may be brown to golden. 
Germination is epigeal with cotyledons and shoot pushing 
through the seed bed. 

The mungbean has a tap root, comparatively well-branched 
and extensive, thus permitting exploitation of soil moisture 
to considerable depths. The drought resistant reputation of 
the crop is partially justified by reason of the well developed 
root system, and partially by certain varieties having short 
life periods (as short as 45 days) which permits them to ma- 
ture before soil moisture is exhausted. 

Varieties 

A large collection of types and varieties are maintained 
by the United States Department of Agriculture at the Regional 
Plant Introduction Station, ExpeTiment, Georgia. Most of these 
came from the Indian subcontinent but collections have recently 
been added from Korea, Thailand, the Philippines, and other 
sources. The varieties and types in current collections show 
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a wide range in plant types and growth habit, in resistance 
to disease and insect pests, 
tial. Plant hei ht 

as well as in yielding poten- 

to 60 cm, and f 
of different varieties varies from 30 

li e period from 50 to 120 days depending upon, 

a wide range in plant types and growth habit, in resistance 
to disease and insect pests, 
tial. Plant hei ht 

as well as in yielding poten- 
of different varieties varies from 30 

to 60 cm, and f li e period from 50 to 120 days depending upon 
the photoperiods and temperatures where they are grown. 

xq 
tlr 

the photoperiods and temperatures where they are grown. i A very widle range in yields of the different strains growi 
at the same location in the same season may be obtained wi 
maximum yields of 2500 to 2800 kg/ha having been reported 
under the most favorable environmental conditions. - 

Mungbeans are self-pollinated, and selections will 
breed true except for occasional mutations or natural hy- 
brids. Very little purposeful breeding research on mung- 
beans has been carried out in many cf the countries vhere 
the crop is currently grown. 
progress at Karaj, 

Breeding programs are now in 
Iran; at Ludhiana (Punjab), Delhi, and 

other locations in India; at Los Banos, Philippines; and 
Stillwater, Oklahoma, U.S.A. 
gram is being initiated at 

An extensive breeding pro- 

and Development Center, 
the Asian Vegetable Research 

Tainan, Taiwan (Republic of China) 

The First International Mungbean Nursery was develope 
in 1972. The nursery is coordinated by the University of 
Missouri, Columbia, Missouri, U.S.A., in cooperation with 
USAID. 
beans, 

Evaluation of the genetic potential of the mung- 
studies on the photoperiod sensitivity in relation 

to varietal adaptation, and research on other problems 
are also in progress at the University of Missouri. 

. 

d 

Multiplication and distribution of improved varieties 
should be easily accomplished, and growers may save their 
own seed without loss of heritable traits. 

Culture 

Fertilization 

Being a legume, 
gen fertilizers. 

mungbeans do not generally need nitro 
Their nitrogen needs are met by ,nitrogen 

fixation in the plant root nodules, which provide the plan 
with all of the necessary nitrogen. In areas where mung- 
beans have been grown for long periods, nitrogen fixing 
bacteria may be present in the soil already, making arti- 
ficial inoculation of the soil unnecessary. In new areas, 
where the crop has not been grown before, the seed should 
be inoculated before planting with a suitable culture of 
the Rhizobium organism. 

The mungbean crop has a relatively high requirement 
for mineral nutrients. The significant feature is that of 

I i 
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proper placement of mineral fertilizers so that the nutrients 
are actually available to crop roots and are not inactivated 
by interaction with the soil. This is achieved by positioning 
the fertilizer in the soil in bands placed below the seed. 
Broadcasting mineral fertilizers and mixing these through 
the whole soil mass are unlikely to be beneficial because of 
reaction of the phosphate with soils to form insoluble and 
inert compounds. 

A practical method for positioning mineral fertilizers 
is to open a shallow furrow, spread the fertilizer as a 
band in the furrow, cover with about 5 cm of soil, place 
seed thereon: and cover ~e!d with 2 to 3 cm of additional 
soil. If ordinary superphosphate is used, this will carry 
calcium, magnesium, and sulfur as well as phosphorus. 
However, if concentrated superphosphate is used, it will 
contain little sulfur, and this element must be provided 
by other means. Some soils also are deficient in potassium, 
and if this be so, it is desirable to add a mixture of 
superphosphate and potash. If field trials have not been 
made to determine fertilizer needs, it is suggested that 
phosphate fertilizer be added to supply about 50 kg/ha of 
P 05, 
T i? 

plus potash fertilizer to supply 25 kg/ha of K20, 
'_ e pH should be around neutral. 
: 

There is limited but strongly suggestive evidence that 
many tropical and subtropical soils also are deficient in 
the "trace" elements; manganese, iron, copper, zinc, boron, 
and molybdenum. Until the specific deficiencies of soil 
areas are more definitely known, it may be useful to adopt 
the practice of spreading animal manures, jointly with 
phosphate fertilizer, as a source of trace elements. The 
trace element content of dung is small but it may be suf- 
ficfent to permit responses of the crop to mineral ferti- 
lizers, TFP, amount of dung required to make a band place- 
ment with t'?e superphosphate is quite modest, and that is 
an efficient use of limited supplies of dung. 

Seed Bed Preparation -e 
Where feasible, the seed bed for mungbeans should 

have all plant growth killed, trash removed or covered, and 
large clods broken up. The goal also is to provide a seed 
bed that is moist to considerable depth, using those prac- 
tices that will avoid rainfall runoff, and foster moisture 
storage in the soil profile. 



- 142 - 

lanting 

Row planting is recommended, in rows about 50 cm apart. 
Seed should be placed to produce one plant every 4 to 5 cm 
of row. Since seeds are small, rhey must not be planted too 
deeply, to avoid impedance of seedling emergence that may 
occur with soil crusting. Planting in warm, moiet soil will 
hasten germination and seedling development. (NOTE: No 
recommendations are made on treating seed before planting, 
since such treatments are poisonous to man if surplus seed 
is eaten. Seed treatment must fellow in-country regulations.) 

Weed Control 

Mungbeans are not strongly competitive with weeds, and 
therefore weed control is important. Weeds should be removed 
while still small, to avoid injury to the mungbean root 
system. 
damaging, 

Weed control by pulling, hoeing, or tillage may be 
and will reduce yields if not done early. Pre- 

emergence herbicides, such as chloramben and trifluralin, 
may be used to control small seeded broadleaf and grass- 
type weeds. Spot application of herbicides may be used to 
kill weeds where they have reached such a size that pulling 
or tillage could be harmful. Care must be taken not to get 
the herbicide on the mungbean plant. Strict adherence to 
the directions for application of a specific herbicide should 
be followed as well as the in-country regulations. 

Disease Control -- 

The diseases of mungbean most common are the viral 
diseases, mildew, and Cercos ora leaf spot. 
on their prevalence an 
viral disease appears 

&is scanty. M~~:"~%~~~ead 
to be the mungbean ieaf crinkie virus, 

It may be identified by roiling or puckering of the leaf, 
dwarfing of plants, abortion of flowers, and reduction in 
;;i;umber and size. Vectors and host range are not well 

. In Pakistan, India and other areas, the bean yellow 
mosaic virus is a serious disease. It is reported to ,be 
spread by a species of whitefly, Bemisia tabaci. Cercospora 
leaf spot produces a brown spot oneleaf,ten%ith a 
small lighter colored spot in the center. Mildew produces 
a white mycelial growth which covers the leaf surface. 

Definitive control measures for mungbean diseases are 
not available. In India, bean yellow mosaic virus damage 
may be reduced by planting in seasons when the vector popu- 
1atiOIl is low. Disease damage may be minimized by practicing 
field sanitation to reduce the amount of inoculum that may 
infect the crop. Field sanitation inc'ludes rotation of 
crops so that mungbeans are not grown on the same field in 
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successive years, and removal of crop residues after harvest. 
The latter make good forage for livestock. 'Varieties differ 
in resistance to these diseases and these may ultimately 
provide the best disease control. Currently, recommendations 
for disease resistant varieties of muirpbeane are not available. 
Oftentimes, local varieties and local practices may have 
evolved which ~111 avoid serious losses from diseases. 

Insect Pest Control --- 

As with diseases, information on the insects tblae in- 
jure the mungbean plant and the control of these insects 
is not well known. Some insect pests known to be harmful 
to mungbeans are the bean shoot fly, plant hoppers, pod 
worms, aphids, leaf rollers, blister beetles, stink bugs, 
and seed weevils. In the Southeast Asia area, the bean 
shoot fly appears to be the most damaging insect. The eggs 
are laid on seedling plants at or near ground level and the 
larvae bores down through the stem, pupating in the root. 
This feeding habit kills the seedling plant. Stands may 
be reduced by as much as 80 to 90 percent by this insect 
pest, 

Control measures include (1.) field sanitation, (2) use 
of insecticides, (3) planting during months when the insect 
population is lowest, and (4) in case of the bean shoot 
fly, planting at an excessive rate and thinning to a nor- 
mal stand after the damage has ocfzurred. Field sanitation 
operates to reduce the number of insects at the beginning 
of the growing season. The grower should remove all crop 
residues as soon as the mungbean crop has been harvested 
and should practice crop rotation. Despite preventive 
measures some insects may increase to become a menace. 
These should be attacked promptly with appropriate insecti- 
cides effective on the species at hand. Early treatment 
will prevent the insect from becoming an economically 
destructive pest. Systemic insecticides, such as dimethy- 
late, or furadon, applied at the time of planting, are 
helpful in controlling the bean shoot fly. Recommendations 
for insect resistant varieties are not available, although, 
as with diseases, locally productive varieties may possess 
some resistance to the local insects, and local practices 
may have emerged which reduce injury to the crop. 

For further information on Crop;: Protection, see Chap- 
ter 4 in book "Tropical Agriculture by Wrigley, (Reference 
list following chapter 40). 
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Harvest 

In most tropical countries, mungbeans are harvested 
by hand picking. The mungbeans are generally picked in 
two flushes since the flowering is indeterminate and the 
pods may set and ripen over a period of several weeks. 
In the irrigated tropics, flowering may be terminated and 
the plants brought to maturity by withholding irrigation. 
After picking, the pods should be allowed to ripen and 
dry in the sun until the moisture content drops to about 
10 percent. 'This is necessary for safe storage without 
molding. Some varieties tend to shatter if left in the 
field after ripening, or the seeds may germinate in the 
pod during prolonged rainy periods. In the U.S.A., the 
mungbeans are harvested with a combine-thresher. 

Threshing 

Mungbeans thresh easily; hand flailing is effective, 
but machine threshing is practical if suitable threshers 
are available and proper adjustments of the machine are 
made to avoid splitting or cracking the seeds. 

Storage Insect Pest Control 

All seeds and grain require treatment in warm climates 
to protect against serious insect damage and losses. All 
empty storage structures and containers should be treated 
with malathion or another equally effective insecticide 
before filling to destroy insects they may harbor. However, 
the beans should be fumigated before placement in storage 
to kill insects brought in from the field, The stored beans 
should be inspected periodically to detect any subsequent 
infestations, and treated promptly if they occur, For 
further details on fumigation, see the Chapter on Maize, 
section on storage insect pest control. In hot dry seasons, 
the threshed seeds may be spread out in the sun to reduce 
the insect infestations. 



URDBEANS 

(Vigna mungo) 

Other Common Names: black gram, mash, 
urd, urid 

Urdbeans are closely related to mungbeans and are 
similar to mungbeans in plant characteristics, cultivatfon, 
and utilization. Flowers are normally deeper yellow than 
mungbeans. Seeds of urdbeans are usually smaller than seeds 
of mungbeans and normally black in color with a raised, white 
concave hilum. The pods are shorter and more hairy and are 
held erect as opposed to the drooping habit of the pods of 
mungbeans. Cultivation practices, in eneral, do not dliffer 
from those of mungbeans. Production o f urdbean is not as 
extensive as for the mungbean. Specific varieties have 
been developed and are cultivated in India and other coun- 
trLes. As with mungbeans information on disease and insect 
pests and measures to coiitrol them is scarce. 
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CHAPTER 17 

PIGEON PEA 11 
(Ca,janus cajan) 

Other Common Names: Congo bean, Angola pea, 
red gram, yellow dhal, 
alberga, tur, arhar. 

Geographic Distribution 

Pigeon peas are grown widely in the tropics and sub- 
tropics, where they are harvested as grain, or as a green 
vegetable, and as fodder to feed livestock. The reported 
principal world production occurs in India and Burma in Sout 
Asia, Uganda and Malawi in Africa, and the Dominican Republi 
Venezuela and Puerto Rico in Latin America. India produces 
nearly 91 per cent of the world's entire production of pigeo 
peas. Average grain yields per country range from a low 
of 310 kg/ha for Burma, to ii30 kg/ha in Puerto Rico. The 
world average is 670 kg/ha. However, yieids of 3000 to &OOG 
kg/ha have been reported from specific fields in various 
regions. 

The crop is handled in many ways in various regions; 
as long season (7-9 months) and medium duration crops of 
5-6 months duration as warm season annuals. It is grown 
alone, or intercropped with sorghum, maize, groundnut, mille 
or cotton; grown as a short- lived perennial with successive 
hand-pickings, beginning at about 5 months; or as a terminal 
crop for 3 to 4 years before the land is returned to produc- 
tion of annual crops. 

When grown as a perennial, the tops are cut back to 
about 30 cm after the first crop of pods is harvested, and 
second growth is made for another crop of pods and grain. 
However, yields decline steadily after the first crop, and 
are usually not economic. The best use of pigeon peas is 
to produce a single first crop. 

Pigeon peas are grown widely as a subsistence food 
crop s and they enter domestic and export markets mostly in 
the countries listed above. The crop appears to have a 
unique place in agriculture because of its drought resistant 
and its value as a cash crop when production exceeds family 
food needs. 

1/ Edited by J.S. Ksnwar end K.B. Sin h. International Crops 
Research Inrtilutc for the Semi-Ar d Tropics, Hyderabad 'I 
500016. A.P.. India 
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Pigeon Peas as a Foodstuff 

The composition of pigeon peas is similar to the other 
food grain iegmes; protein 22%, carbohydrate 60%, fats 
1.5%, mineral matter 3.5%. The contents of calcium, phos- 
phorus and iron are high, as well as the content of vitamins 
(except for ascorbic acid). Pigeon peas constitute a hi&- 
protein food, which serves to balance the extensive use 0% 

cereals and starchy foods in human diets in the tropics and 
subtropics. In comparison with animal products and fish, 
pigeon peas are deficient in two amino acids - methionine 
and cystine, but much higher in these than the cereal grains 
and starchy crops. In subsistence diets, pigeon peas (and 
other food grain legumes) are considered "extenders" of 
animal proteins. 

When pigeon peas are harvested green (before ripen:ngj 
as a foodstuff, they are easily cooked and have high digest-- 
ibility. The dry pea may have a hard seed coat and is slower 
to cook than many other food grain legumes, but this appears 
to be a varietal trait, that may be associated with weather 
conditions during ripening. With the tremendous range of 
types (5000 accessions in recent collections) available for 
testing, it is probable that many rapidly cooking types will 
be found. 

Adaptation 

Climate 

Pigeon peas are short-lived perennials, often grown 
as warm season annuals, that have wide adaptability and grow 
especially well in subhumid regions and regions with long 
dry seasons. Its drought tolerant trait is best expressed, 
however, where the soil permits deep and extensive rooting. 
As a species, pigeon peas bloom and produce seeds in the 
season when day length is shortening; such changes in day 
length being more noticeable in the subtropics with higher 
latitudes. However, some varieties are known to be insen-. 
sitive to day lengths, and these are more useful in all tro- 
pical farming systems. The photosensitive varieties should 
be planted about 5 months before day lengths fall below 12 
hours per day, to produce a crop of peas in 6 months from 
planting. Otherwise, the crop remains vegetative until shorter 
days occur. The crop is sensitive to frost (higher altitudes 
of subtropics). 
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Soil 

Pigeon peas appear to be adapted to a wide range of 
soils, preferring soils that are well suited to growth of 
maize, sorghum and millet. Wet soils are unsuited, but the 
crop tolerates some alkali and salinity, frequently found 
in regions of limited rainfall. Anlong the food grain le umes, 
it appears to have a greater capacity to meet its minera 'I 
requirements on less fertile soils than other species, 

Description 

The pigeon pea may be describea as a much-branched shrub, 
a short-lived perennial that may be grown as an annual, that 
grows 2 to 4 meters tall, depending on variety. The entire 
plant is 

I; 
ubescent, the leaves eech have 3 long leaflets, 

and the f owers are borne in racemes in leaf axils. Flower 
color may be yellow or yellow red, The pods are 5 to 8 cm 
long, with 4 to 7 seeds per pod. There are about 18,000 
seeds per kilo. The seeds are round, with one edge flattened, 
about + cm across, usually brown, with a white spot at the 
attachment to the pod. 

This crop is largely self-pollinated, but 5 to 20% na- 
tural crossing in the field has been reported, As a result, 
there is considerable variability in plant type and other 
characteristics in most seed lots. Seed production handled 
so as'to maintain variety or strain purxty requires careful 
roguing of all "off-types" in the seed fields and isolation 
from other fields. Improved strains in the hands of farmers 
are likely to lose their identity rapidly if more than one 
variety is grown in a locality. There is some advantage 
possible with the variability usually present in unselected 
seed lots, since it permits continuing selection to produce 
strains that appear to have greater productivity under local 
conditions. 

Varieties 

There are many named varieties grown in the tropics 
and subtropics. They fall in two main divisions or groups: 
(1) the early yellow-flowered group, and (2) the later bi- 
color (yellow, brown, red, purple) group. However, the 
earliness or lateness may be associated with almost any other 
combination of plant size, flower color, seed color and pro- 
ductivity. Because of the appreciable amount of natural 
cross pollination, new combinations of traits are easily 
produced by selection of desirable types, following by growth 
in isolated fields and removal of all unwanted plants before 
blooming. For selection of high-yielding ability, pest re- 
sistance and desired grain characteristics, a portion of 



the seed of selected plants can be field tested, and the 
seed of the better performers may then be planted in seei 
multiplication fields. Continued selection for several 
plant generations, of segregatirkg hybrid plant populations, 
is necessary to "fix" the heritability so that the strain 
will breed true. 

At least 5000 accessions of pigeon peas were originaNy 
collected and grown at the Indian Agricultural Research 
Institute, covering a very wide range of types, varieties 
and selections. Such a collection offers opportunity to 
identify strains with specific ecological traits,, desirable 
plant and seed characteristics, and yielding potential. 
If established varieties do not fulfill local needs, the 
great collection of accessions offers a fertile ground for 
searches to be made by growing many of these in field trials, 
The International Crops Research Instttute for the Semi-Aria 
Tropics, Hyderabad, is the world centre for research on pf- 
geon peas and it has most of the world germplasm collection, 

Yielding capability in pigeon peas is usually assock-& 
with adaptation to local climate and soils, and resistance 
to pests. It appears feasible to increase present average 
yields by at least 3-fold, by growing adapted strains, and 
by following cultural practices suited tc pigeon peas, 

Culture 

Fertilization 

The pigeon pea has a reputation for being adapted to 
a wide range of soil conditions, as well as being drought 
tolerant. The wide soil adaptation has led to the belief 
that it can derive the necessary plant nutrients from com- 
paratively less available forms of nutrients in the soil, 
in contrast to many other crops. However, it is probable 
that the unusually deep and extensive root systems that the 
pigeon pea develops during its growth period gives the crop 
access to minerals not reached by lesser root systems, but 
it also responds to fertilizers. 

Being a legume, pigeon peas are not dependent on soil 
or fertilizer to meet its rather high nitrogen requirements. 
The crop has a high content of phosphorus, potassium, cal- 
cium, magnesium and sulfur. Undoubtedly, the augmentation 
of natural soil fertility with rational fertilization will 
enhance yielding ability, particularly for crops produced 
in 5 to 6 months. Field trials of responses to fertilizers 
should include their placement in bands below the seed to 
minimize inactivation by reaction with the soil, and to give 
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growing plants early and continuing supplies of the mineral 
fertilizers during the growing season. Field trials are 
the most reliable guide as to fertilizer treatments that 
will enhance yields. If such results are not available it 
is recommended that initial trials apply ordinary superphos- 
phate at a rate to supply 50 kg of P205 per hectare, and 
potash fertilizer to supply 25 kg of K20 per hectare. Or- 
dinary superphosphate also carries calcium, magnesium, and 
sulfur in sufficient amounts. However, if concentrated 
superphosphate is used, it does not contain sulfur and this 
must be supplied by other means on many soil types. 

A practical method of positioning fertilizer to meet 
crop needs is to open a shallow furrow, spread the fertilizer, 
then cover it with soil to a depth of 5 to 8 cm, place the 
seed thereon, and cover it with about 3 cm of soil. Mixing 
mineral fertilizer through the soil mass, or broadcasting 
it, very often will show no benefits because of prompt trans- 
formations into insoluble forms that are less available to 
plant roots. 

There is a strong probability that c:tiny tropical and 
subtropical soils are deficient in tke micronutrients that 
are needed by legumes in very small amo-nts. These elements 
are manganese, iron, copper, zinc, bor,;n, and molybdenum. 
Until field research is done to identify those micronutrients 
that may be short in supply (and prevent response to other 
fertilizers), animal manure may be used to provide small. 
amounts of the trace elements. Where specific micronutrient 
deficiency is known, the salt containing rhe nutrient may 
be drilled along with the fertilizer. Dung may be spread 
with the superphosphate, where this is being applied by hand. 
If the dung is to be applied separately, it may be placed 
in the bottom of the plowed furrow, under the intended posi- 
tion of the plant row. Banded application of dung will maxi- 
mize nutritional benefits and conserve the limited supplies 
usually available. 

Seed Bed Preparation 

For interplanting with maize, sorghum, or millet, pre- 
paration for planting pigeon peas need only to be altered 
to include proper positioning of fertilizer and/or dung under 
the plant row, All growing weeds should be killed, trash 
removed or turned under and large clods broken up. In drier 
climates, soil moisture conservation practices should be 
followed to store as much rainfall as feasible in the soil 
profile before planting- 

Interplanting of shorter season cereals like pearl millet, 
sorghum, cotton with longer season pigeon peas may produce 
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greater total yields than either crop6 grown alone, because 
of more complete utilization of soil moisture, owaver 2 
where greater total yields, or crop values, are nat achieved 
by interpianting, single cropping to pigeon peas f6 recom- 
mended using varieties that will ripen a crop in 5 to 6 rnoc-chc,., 

Planting 

Single cropping with pigeon peas should provide cLrz.:~-ng 
in rows 50 to 100 cm apart, with seed spaced to prov!Se H 
plant per 20 to 30 cm of row, for rull use of the soil, 
This will require 15 to 25 kg cf seed per hectare, d+~pcr.ding 
on seed size of the variety planted. Seed she-old be planzek 
in moist soil, at depth of 3 to 5 cm to permit proripr emii3t~- 
gence. Deeper planting is undesirable, particular%y on SC~:L.Z 
that tend to form crusts after rainfall. (NOTE : No xreic.io~!-~ 
mendations are made on treating seed beforeT%nti.ngz ~i.:~:tk 
such treatments are poisonous to man if sear Lus seed is &~.;.te;r,~ 
and must follow the in-country regulations. P 

Weed Control 

Pigeon peas have a reputation for competing s+,rongly 
with weeds, but this is true only with fuil stands, Gftey 
the pigeon peas reach a height of about B meter. In early 
growth stages, weeds provide serious competition and re:wx=d 
development of the crop. Therefore, weed control is essen- 
tial to higher yields under all conditions, particularly 
with limited rainfall. Weeds should be killed while still 
small to conserve moisture and nutrients, and to minimize 
physical damage to pigeon pea root systems from weed pulling 
or tillage. 

Disease Control 

Pigeon peas are attacked by a number of rootrots, and 
leaf and stem di6eaSe6. The two major preventive measures 
that are effective in controlling such diseases are: (1) 
planting of only disease resistant strains or varieties, 
and (2) practicing field sanitation. Field sanitation in- 
cludes growing pigeon peas in rotation with other crops, 
so that pigeon peas are never grown on the same fields in 
successive years. Also, remove the entire top growth after 
grain harvest by feeding to livestock, or plowing under. 
These methods will greatly reduce the amount of disease ino- 
culum present when the following crop of pigeon pea6 is planted. 
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Insect Control 

In common with other legumes, pigeon peas may suffer 
severe insect pest attacks. These occurrences may be mini- 
mized in.severity by (1) planting resistant strains or va- 
rieties, and (2) practicing field sanitation., After the 
crop is harvested, remove and feed all top growth to Iive- 
stock; or cut it down and turn it under for soil improvement. 
These measures will greatly reduce insect populations at 
planting time, particuLarly if neighboring growers can be 
induced to take similar action, 

Pod borer is a very serious pest which affects the crop 
badly. When serious infestations occur, they should be treated 
promptly with effective insecticides, Prompt treatment at 
the s'tart of infeetetfon is most effective,, (See footnote.) 

Han-es t 

Pigeon peas, being essentially perennials, do not flower, 
seed and ripen in a rapid sequence. However, some varieties 
and strains approach the desirable goal of single cropping. 
Usually, more than one picking of ripe pods is needed. Since 
the crop is harvested by successive pickings, it is necessary 
that they be carefully dried on a hard floor (to save shattered 
seed). Drying should continue until the grain drops to about 
10% moisture, so that it can be stored without molding* 
Early harvest will reduce the tendency for hard seed coats 
that sometimes make cooking difficult. 

Threshing 

Well-dried pods may be threshed readily, by hand flailing, 
or by machine threshing with adjustments to avoid splitting 
or cracking the seed. 

Protection against Storage Insects 

Insect damage may be Severe unless protective measures 
are invoked at the time of storage. All empty structures 
and container6 should be treated with malathion or other 

Footnote: For further information on Crop Protection, see 
Chapter 4 in book on '"Tropical Agriculture" b 
Wrigley, (Reference list following Chapter 40 3 . 
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effective insecticides to kill'insects harbored therein, 
before being filled with grain, As the erop enters storage, 
it should be fumigated to kill all insects brought in from 
the field. Periodic inspections thereafter should be made 
to detect an 
as needed. F 

subsequent infestations,, and fumigations made 
or further details, see the Chapter on Maize, 

section on storage insect pest control. 
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CHAPTER 18 

Geographical Distribution 

Peas are characteristically grown as a cool-season 
annual. They are best suited to the winter period of the 
subtropics, and to the higher altitudes in the tropics. 
They are planted at the beginning of the rainy season in 
the trl;>pics, which is comparatively cool. 
originated in Ethiopia, 

The crop probably 
from which it spread in prehistoric 

times to the Mediterranean region, and thence to Asia, and 
to the temperate zones throughout the world. 

Production in the tropics and subtropics is most exten- 
sive in India and Burma, in Ethiopia, the countries bordering 
on Lake Victoria in East Africa, the Congo and Morocco, 
and fn Colombia, Ecuador and Peru in South America. Average 
grai.n yields for these countries ranges from $20 kg/ha in 
the highlands of Ethiopia and Peru to 400 kg/ha in some other 
countries. However, the crop has a yield potential under 
favorable climate and culture at least 3- to 4-fold higher 
than the average yields reported. Outside of the temperate 
zone countries, the crop has received very little attention 
on breeding improved varieties. 

Utilization 

In the Mediterranean region, and the regions extending 
across the Near East to Mainland China, the crop is typically 
grown in the winters. Since peas will tolerate light frosts, 
they are suited to higher elevations in the subtropics, and 
are used as a winter crop in farming systems. Where rain- 
fall is limited to the cool period, peas may constitute a 
major crop. They also are grown successfully under irriga- 
tion in cool seasons. 

Peas As A Food 

Dried peas constitute a major foodstuff in the markets 
of the tropics and subtropics; sold either as whole dry peas 
or split peas. The average composition is similar to that 
of other food grain legumes - protein 25%, carbohydrate 

i’ Edfted by F.J. Muehlbauer, Reeearch Geneticist. Western Region, Agricultural 
Research Service. U.S Department of Agriculture. in cooperation 4th Wash- 
ington State University. Pullman. Washington 99163 and James H. Schalk. 
Research Encomologiet. 
tural Research Center, 

Ve etebie Laboratory. Northeastern Region, Agricul- 
Be P tsville, Maryland 20705 
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59-60X, fat LO%, and minerals 3 to 3.5X, It is a, high 
protein food; but in contrast to animal proteins, ie is 
somewhat deficient in two amino acids p methionine and cy- 
stine. Peas are a valuable supplement to cereals and oth~x 
starchy foods in the human diet, because of their high car",- 
tent of lyaine and tryptophan in which cereals are defiobcnt. 
Peas may be used as an "extende?' of animal proteins thaw 
are usually in short supply in diets of people in the t~rrjgics 
and subtropics. 
and iron, 

Peas also are rich in calcium, pho@e:lrzs 
and in vitamins, except for ascorbic: acid or vlte- 

min C which can be obtalned by germinating the seed, PeGS 
are not only widely accepted as a nutritious foodatutf, but 
they constitute high-value cash crops for the growrrs w'ro 
produce more than is needed for famil,,y subsistence, 

Adaptation 

Climate 

Peas are best adapted to cool climates wifh moderat<: 
rainfall. They will survive light frosts without injury. 
Peas are grown in the winter period of subtropical zones, 
or in the cooler season of the true tropics which begins 
with the onset of the rainy season. However, the crop is 
most important at higher elevations in the true tropics: 
as shown by production in the Andean countries of South 
America, in East Africa, and in +.he Republic of Congo. Peas 
may produce well in seasons with limited rainfall, if the 
soil profile is moist. In such locations, the crop produces 
grain largely on this stored moisture. 

Soil 

Peas prefer soils that are not strongly acid, and that 
are mcderately to well supplied with calcium. SoJ..ls derived 
from limestone are well-suited for peas. The crop is not 
well-suited to highiy ieached soils normally found in high 
rainfall areai.s of the tropics and subtropics. Although peas 
are ,not considered to be a deep rooted crop, they are not 
tolerant of shallow soils, nor those that are poorly drained. 

Since the crop is rich in minerals, peas have high 
requirements for the major mineral nutrients - phosphorus, 
potassium, calcium, magnesium and sulfur. These nutrients 
are usually not naturally present in adequate amounts in 
many soils, and must be provided as fertilizers in the amounts 
needed to compensate for soil deficiencies. The problems 
Of supplying mineral fertilizers in forms that peas can utilize 
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are less difficult on soils described above, than on highly 
leached soils in high rainfall areas. 

Description 

Garden and canning peas are merely types within the 
species known as field peas. 
family, 

Peas belong to the legume 
and the nodulated roots supply nitrogen in forms 

suited to the plant, 
trogen fertilizers. 

independently of soil nitrogen or rLi- 
The pea is an annual, with climbing 

or half-bush growth habit, 
(depending on variety), 

reaching heights of 1 to 2 meters 
the entire plant being glabrous 

with a whitish bloom on all plant parts. There is little 
or no branching and full occupation of the land is dependent 
on density of planting. The leaves are pinnate, with several 
pairs of leaflets and a terminal-branched tendril, The 
flowers are large, butterfly-like, and may be white, pink 
or purple. The field pea seed is round and smooth; but the 
garden types are usually wrinkled, resulting from the presence 
of sugars as stored food (versus starch in r0un.L peas), 
which shrinks upon drying, Seed coat color of varieties 
range from green to yellow, to brown; while the cotyledons 
are either green or yellow. Split peas, from which the 
seed coat has been removed, are thus either yello-d or green. 
Seed pods are inflated and contain 2 to 10 seeds, depending 
on the variety. Seed germination is hypogeal, i.e., the 
cotyledons remain in the soil, 
through covering soil. 

and only the sprout is pushed 

Whole seed of some varieties, and occasionally in all 
varieties, may be resistant to water absorption on cooking; 
this is caused by hard seed coats, and is eliminated when 
processed as split peas for food. 

Peas of the P. sativum type tend to branch very little, 
however, tht! crop-romrly deeply on suitable soils. 
When thickly planted the roots fully occupy the soil profile 
but this occupation is not complete with thin stiands of 
plants. This root system trait must be recognized in deve- 
loping improved cultural practices, 

Varieties 

The flowers of peas are normally self-pollinated. When 
natural crossing is suspected, it is in conjunction with 
an infestation of thrips or other insects causing cross polli- 
nation. There are many regional types and strains of peas 
in collections made in the trcpical and subtropical countries. 
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The Indian Agricultural Research Institute has several hun- 
dred of these. Most of the named varieties have been pro- 
duced by plant breeders in Europe and North America. Some 
of these temperate zone varieties have been found useful 
in the tropics and subtropics, but this i.s fortuitous since 
evaluation and selection has been based on conditions per- 

,taining to temperate regions. Diligent searches and co%lsc- 
tions of seed samples from all of the important pea-growing 
countries of the tropics 'atid subtropics, would doubtless Lead 
to identification o f types or selections with favorable adapta- 
tion to particular climatic and soil conditions, resistance 
to pests, high-yielding ability, and desirable plant and 
seed characteristics. 

Local evaluation of available types and varieties sh:~k\lid 
be undertaken, using the cultural practices designed to in- 
crease yields. Continuing evaluation of new coklections 
should be made to find still better types, as well as h~brbd~ 
ization of desirable parent stocks to produce new combinations, 

Multiplication and distribution of pure seed of impreveti 
varieties should be simple, requiring only that off-types 
be rogued out of se2.d fields. Farmers may save their own 
seed without serious danger of losing hereditary traits. 
Confirmation of identity of a specific strain is needed to 
avoid adulteration by physical mixing of seed through care- 
less handling. 

Culture 

Fertilization 

Being a legume, peas do not respond to nitrogen ferti- 
lizers, where the roots are well-nodulated with nitro en- 
fixing bacteria. Howeve=, peas have a high content o !i other 
mineral elements, and any soil deficiencies in these elements 
must be corrected by appropriate fertilization to produce 
high yields. The major mineral. elements required are Phos- 
phorus, potassium, calcium, magnesi.ltF_, and sulfur. 'When 
ordinary superphosphate is used as a source of phosphorus, 
the needed amounts of calcium, magnesium, and sulfur are 
supplied automatically in the superphosphate. But when con- 
centrated superphosphate is used, sulfur is not provided, 
and must be supplied by other means. 

Phosphate fertilizers must be properly positioned, just 
below the seed, to remain in available form for plant use. 
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Placing su erphosphate in bdnds minimizes inactivation. 
A practica ! method of positioning superphosphate is to open 
a shallow furrow, spread the fertilizer, then cover with 
5 to 8 cm of soil, place seed thereon, and cover seed with 
another 3 to 5 cm of soil. 

Where field trials using proper placement of fertilizer 
have not been conducted to determine amounts needed, it is 
suggested that fertilizer initially be applied at a rate 
to deliver about 50 kg/ha of P2O5. In potash deficient 
soils to balance the phosphate, potash fertilizer may be 
used at the rate of 25 kg/ha of K20. Eveti larger amounts 
may be required on some s0il.s. 

There is a strong probability that many tropical and 
subtropical soils also are deficient in one or more of the 
"trace' elements that are needed in only small amounts, 
These are manganese, iron, copper, zinc, boron, and molyb- 
denum. Until such time as specific deficiencies in trace 
elements are identified for specific kinds of soils, it 
may be useful to apply animal manures that usually contain 
small amounts of these elements. To conserve limited supplies 
of dung and obtain maximum results, it is suggested that 
the dung be added in the bottom of shallow furrows along 
with superphosphate. If this proves impractical, the dung 
may be placed in the bottom of a furrow during plowing, as 
nearly below the intended crop row as may be possible. 
Severe deficiencies of any trace element may prevent responses 
to superphosphate and potash that would otherwise greatly 
enhance yields. 

Seed Bed Preparation 

The seed bed should be free of growing weeds, all trash 
removed or plowed under, and large clods broken up. The 
field should have been handled to conserve rainfall by re- 
ducing runoff and storing moisture in the soil profile. 
If preparation precedes the occurrence of rains, the surface 
soil s'hould be left rather rough to facilitate rapid pene- 
tration of rains when they occur, and retard runoff. 

Pl.anting 

Since neither the tops nor the roots of peas are well- 
branched, full occupation of the land depends on sufficient 
density of seeding to fully utilize the soil and sunshine. 
Rows should be spaced as close as feasible for handling 
the crop, about 60 cm apart, and sufficient seed used to 



- 159 - - 159 - 

produce a plant every 5 cm in the row. Depending on seed produce a plant every 5 cm in the row. Depending on seed 
size for the variety, size for the variety, such density of planting will require such density of planting will require 
80 to 100 kg/ha of seed for small seeded varieties, up to 80 to 100 kg/ha of seed for small seeded varieties, up to 
140 or 160 kg/ha for larger seeded types, 140 or 160 kg/ha for l\arger seeded types, 

Seed should be treated before planting if a good stand 
ie to be achieved. Seed viability should be 80% or hi 
and planted no deeper than 5 cm to facilitate emergence 
sprouts, particularly in soils that tend to crust under 
successive rains and drying periods. 

Weed Control 

The types of weeds that are troublesome br: peas are 
similar cool-season annuals and some cool-season perennials 
Weed competition may seriously reduce yields, althcugh S~md 
placement of fert%lizers and dung, and the withholding; o:f 
ail. nitrogen fertilizers, avoids undue sttmulation of wee%;l 
between rows of peas. Weeds should be killed while sti.4.i 
young, before there is srgnificant competition with peas 
for moisture and nutrients. If pulling or hoeing of weeds 
cannot be done at early growth stages, it may be necessary 
to use a selective herbicide that will kill the weed spec:ee:.; 
present without injury to the peas. Since peaa do not have 
robust root systems at best, any damage from puP1ing or 
hoeing weeds will reduce grain yields. 

Disease Control 

Numerous diseases caused by bacteria, fungi, virtlses, 
and nematodes affect the leaves, stems, pods, seeds, and 
roots of peas grown in the tropics and subtropics, resulting 
in reduced yields and seed of an inferior quality. Pea 
pathogens are transmitted by various means, including wind, 
insects, drainage water, plant refuse, and seed. 

Planting peas year pfter year on the same land that 
has a history of soil-borle diseases can lead to increased 
multiplication of some of these pathogens in the soil, and 
unless crop rotation is practiced, preferably in association 
with deep plowing of the crop refuse remaining on the soil 
surface, yields may be reduced with each successive pea 
crop until the cultivation of peas on this land will no 
longer be profitable. Control of some soil-borne pea diseases, 
such as Fusarium wilt and root rot, that survive for many 
years in the soil is only feasible by growing resistant pea 
varieties. Wherever peas are grown, it is a very important 
practice to plant seeds which are disease-free since some 
pea pathogens are carried on the seed. 
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Most research on control of pea diseases by plant re- 
siatance, chemicals, and cultural practice3 has been done 
in the temperate regions. Although some of these control 
measures can be used successfully in the tropics azt,3 subtro- 
pics 8 much of the research on control of pea diseases in 
these areas will have to be done locally. 

No recommendations are made for treating the seed prior 
to planting since seed treatments must follow in-country 
regulations. Seed treatment is very important for the con- 
trol of pathogens on the seed surface and in the soil. At 
times, the only way to insure a good stand of pea seedlings 
is to treat the seeds w4th some chemical. However, treated 
seed should never be 'usk, for human food or livestock. 

Insect Pest Control 

The grower may invoke two preventive measures against 
insect pests that are inexpensive, and one protective mea- 
sure after infestations occur, The preventive measures are: 
(1) plant varieties that are resistant and (2) practice 
field sanitation. Until now little improvement work has 
been done in selectin varieties resistant to insect pests, 
although this means o f control is very promising for the 
control of some pests. Timing may be more important than 
early treatment for the control of certain insects, The 
leaf weevil, for instance, if treated too early may require 
a second treatment. The same may be true of the pea weevil. 
Aphids must be treated early to prevent viras infections. 

Field sanitation should also Fnciude avoidance of growing 
peas near crops ar *d weeds that could supply insects or diseases 
to the pulse crops. In Iran, for example, pea leaf roll 
virus causes yield loss in pulse crops, particularly when 
crops are grown near an important reservoir host like alfalfa. 
This virus is carried from alfalfa to pulses by aphids., 

When infestations of injurious insects develop, it may 
be necessary to move promptly to apply insecticides effec- 
tive on the 3pecifi.c insect before damage is serious. Early 
treatment when contr ~1. becomes necessary is highly essential. 
(see footnote) 

Footnote: For further information on Crop Protection, see 
Chapter 4 in book on "Tropical Agriculture", by Wrigley, 
(Reference list following Chapter 40). 
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Harvest 

In drier regions, peas may be left in the fieLd to com- 
plete drying of the seed before harvest. Moisture content 
should fall to about 10% to permit safe storage without dan- 
ger ofsmolding. Harvest should be prompt after the grain 
is dry to prevent deterioration of peas intended for seed, 

Threshing 

Threshing may be done by hand flailing, or by traditional 
threshing machines adjusted to prevent splitting or cracking 
seed. 

Protection Against Storage Insects 

Insect damage to stored grain usually begins in the 
field, and may spread rapidly in storage., Such losses may 
be prevented. All storage structures and containers should 
be treated with malathion or other effective insecticides 
before being filled. However, poisonous insecticides must 
not be applied to the pea:!J. 
protection. 

Fumigation leaves no residual 
Residual prosection is possible with 1X mala- 

thion dust applied to stored seeds. Because of the low 
mammalian toxicity of malathion, its use for stored seed 
protection in developing nations is elacouraged as there 
,would be little chance of its harming humans or livestock. 

The pea crop should be fumigated before goLng into 
storage, to kill weevils, maggots and other pests brought 
from the field. The stored crop should be inspected period- 
ically, and fumigated again when new infestations are detected. 
For further details on fumigation, see the Chapter on Maize, 
section on control of storage insects. 
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CHAPTER 19 

SECONDARY FOOD LEGLNES I/ 

All the foodgrain legumes, in this chapter are edible, 
and constitute important crops in certain regions. In general, 
they are not as widely grown as the major foodgrain legumes 
discussed in previous chapters, but they have particular value 
in being rich in proteins and, thu:,, somewhere in the world, 
having important nutritionai vaiue as extenders of an!Lmal pro- 
teins (meats, milk, eggs, and fish) that are scarce and costly. 

The crops in this chapter have been separated by Dr. 
Rachie I! on the basis of their rainfall requirements. He 

K.O. 

cautions, however, that in making such fine distinction in 
requirements, considerable overlapping in regions is certain 
to occur. Much of the information given in the chapter is 
from Dr. Rachie. 

In the pages that follow, 
discussed in this order: 

the various crops will be 

Botanical Names Common Names 

Semiarid regions (less than 500-600 mm annusl rainfall): 

Cyamopsis tetragonolobus 
(C. psoraliodes) 

cluster bean, guar 

Kerstingiella geocarpa Kersting's groundnut 

Phaseolus acutifolius var. latifolius tepary b,ean 

Vi na acontifolia 
&- aseolus acontifolia) 

moth bean or mat bean 

Voandzeia subterranea bambara groundnut or 
Madagascar nut 

Lathyrus sativus grass pea, vetchling, 
khessari, chickling 
vetch, sweet pea 

Semiarid to subhumid regions (600-900 mm annual rainfall): 

Lablab niger 
-TDcilichos lablab) 

hyacinth bean, lablab, 
bonavist 

Edited by K.O. Rachie. Leader, Grain Leg-e Improvement 
Program, Ynternacional Institute of Tropical Agriculture. 
Ibadan. Nigeria 
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Macrotyloma uniflorum 
~olichos biflorus) 

horse gram 

Parkia spp. African locust bean 

Subhumid regions (900-1200 mm annual rainfall): 

Canavalia ensiformis jack bean or horse bean 

sword bean 

adsuki bean 

Vi na umbellata 
+ 

rice be-lzL 
. ca'lcaratus, - Phaseolus calcaratus) 

Humid and very humid regions (above 1200 mm annual rainfall): 

Mucuna pruriens var. utilis 

Mucuna sloanet 

Pachyrrhizus erosus 
(E. tuberosus,chos bulbosis) 

Phaseolus lunatus 

Psophocarpus tetraqonolobus 

Sphenostylis stenocarpa 

Winter annuals or cool weather legumes: 

Lathyrus sativus 

Lupinus albus 

Lupinus angustifolius. 

Lupinus lutens 

Vicia spp. -- 

velvet bean 

horse-eye bean 

Mexican yam bean, 
potato bean or maniac 
bean 

lima bean 

winged bean 

African yam bean 

grass pea, vetchling, 
khessarf, or chickling 
vetch 

Ghite lupine, sweet 
lupine 

33weet" strain of blue 
lupine 

"sweet" strain of 
yellow lupine 

vetch (various kinds) 
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Plant disease susceptibility and losses from insects for 
many of these species are classified as being very low. In 
many cases, this could quickly change with an increase in or 
concentration of are&s seeded to the crop. Average yields 
per hectare can be expected under normal growfng conditions 
in areas where the crop is regularly grown. Averages will 
vary between and within countries and areas, and maximum 
yields may be exceeded, but they should not be used in esti- 
mating expected yi.elds, especially in areas new to the crop. 

I Semiarid Regions with Eess than 500 to 600 rmn Annual Rainfall 

robus~o~~t~~~~~olobus, cluster bean, guar, is a bushy, 
1 tnat grows in 90 to 120 days in the 

tropics and subtropics, especially India. It does well on 
alluvial/sandy soils and likes high temperatures. Yields of 
dry seed average 400 to 600 kg/ha and go as high as 1,600 kg, 
The green pods are used as a vegetable. The crop is also 
grown for green manure, as a fodder crop, and as an industrial 
crop for the mucilage extracted from the seed. Its suscepti- 
bility to pests and diseases has been low, especially in drier 
climates. 

Kerstingiella geocarpa, Kersting's groundnut, is a small 
annualunderground fruiting that grows in AfrLca. It is 
similar to barnbar; groundnut in-size, growth habit, duration 
of growth, soil and climate preferences/tolerances, and its 
low susceptibility to pests and diseases; but it is a much less 
important crop than bambara groundnut. It grows well on dry, 
poor, sandy soils and requires high temperature and snnshine. 
Dry seed yields average about 500 kg/ha. Both the unripe and 
mature seed are used as pluse. 

Phaseolus acutifolius var. latifolius, tenary bean, is an 
annual origlnatlnE In northwestern Mexico and southwestern U.S.A. 
it matures-in 60 Eo 90 days and is also grown to a limited ex- 
tent in India and Burma. It is suberect, herbaceous, bushy or 
recumbent, 25 cm high. It does well on dry so%ls and does not 
tolerate waterlogging. It has medium susceptibility to pests 
and diseases and produces a maximum 1,500 kg/ha of dry seed, 
Used for pulse, it averages 400 to 700 kg/ha. As a forage it 
produces 5 to 10 tons of dry hay, 

Vigna acontifolia, moth bean or mat bean, is an annual that 
grows to maturity in 65 to 90 days in India and Burma. It is a 
slender, creeping, hairy, herbaceous plant lo-30 cm high. It is 
planted on light sandy soils near Lhe end of the rainy season 
and grows mainly on stored moisture. It is also grown as a hot- 
season crop under irrigation, and is often planted in mixtures 
with sorghum, millet, lablab, and pigeon pea. It produces 
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as much as 1,600 kg/ha of dry seed averaging 300 to 400 kg. 
These tiny seeds are very rich in protein and thus are an 
excellent supplement for diets composed largely of cereals. 
Also, the green pods are eaten as a vegetable and the crop 
is sometimes used for hay and green forage. 

Voandzeia Ebterranea,bambara groundnut or Madagascar nut, 
is a small bunchy, 
foliate 1eLves. 

annual herb with erect long-stalked: :z-i- 

underground. 
It matures in 90 to 150 days, forming its fruits 

It is found widely in Africa, especially in the 
semiarid to subhaid southern fringes of the Sahara, in eastern 
Africa from Sudan to Rhodesia, and in the Malagasy Republic. 
It has a preference-tolerance for dry, poor soils and high tem- 
peratures, and has very low pest and disease susceptibility. 
Cultural requirements are quite similar to those for groundnuts, 
but it is much more drought tolerant . Maximum yields of dry 
seed are about 2,600 kg/ha and average about 750 kg. 
seeds are eaten fresh; ripe seeds are used as pulse. 

Unripe 

in protein, 
It is high 

oil. 
but unlike ordinary groundnuts, contains very little 

It is the most important pulse in Africa after cowpeas -- 
and ordinary groundnuts, an industrial crop. 

Semiarid to Subhumid Regions (600-900 mm Annual Rainfall) 

Lahlab ni er, -.- 
-F 

hyacinth bean, lablab, bonavist, is a short- 
term perennla that is frequently grown as an annual in 75 to 
300 days in South Asia, Latin America, and Africa. It has 
many forms and varieties -- some twining (climbing), some bush 
forms. It requires good drainage, 
low fertility. 

but tolerates poor soils and 
It is moderately resistant to pests and diseases. 

Average production of dry seed is 400 to 500 kg/ha with yields 
reported as high as 1,150 kg/ha. Young pods and green beans 
are used as vegetables and dry seeds, for pulse and feed for 
livestock. It is also used for forage and green manure. 

Macrot loma uniflorum, horse gram, is a low slender, semi- 
erecZ-FiG%Gus annual 
a heiiht of 20 to 30 cm 

that matures in 120 to 180 days, reaching 
It is grown extensively in southern 

India, but also in Malaysia, West Africa; and the West Imdies. 
It tolerates very poor soil (but not alkaline soils) and has 
only moderate susceptibility to pests and diseases. Its average 
yield of dry seed is 200 to 300 !kg/ha, but produces as much as 
1200 kg/ha. Culture is similar to mungbeans. Dry seeds are 
used as pulse and animal feed. It is also grown for green manure 
and for fodder. 

Parkia spp., African locust bean, is a perennial tree that 
growXlF30 meters in height on a wide range of alluvial soils. 
It has had very little susceptibility to pests and diseases. 
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Dry seed production averages about 350-500 kg/ha. 
seeds are fermented as flavoring. 

The dry 
The fruit pulp is also 

cooked. 

Subhumid Regions (900-1200 mm annual rainfall) 
I 

Canavalia ensiformis,jack bean or horse bean, is a bushy, 
erect perennial that grows to a height of 1 to 2 meters in 
180 to 300 days. It has widespread distribution in lowland 
tropics around the world. Et is deep-rooted, and drought resis- 
tant, lxx also tolerates shade and some waterlogging. Dry 
seed yields average 800 to 1,000 kg/ha with yields as high as 
4,600 kg. Cultural practices are similar to those for cowpeas. 
Roth the green pods and seeds as well as the ripe seeds (less 
frequently) are eaten; however, after severe temperature chasages 
during the growing season, either the green beans or the ripe 
seeds are sometimes toxic. (Apparent toxin is KCN.) It is grow 
for foraze and cover, and urease and lectin are extracted for 
medicinal purposes. 'C. gladiata, sword bean is a ehosely re- 
lated species but it is a large climber. It occurs extensively 
in the humid tropics of Africa and Asia. 

Vigna angularis, adzuki bean, is a bushy, erect L-+nua!. of 
Chinese orgin used for food in Asia and in other subtropical 
regions. The plants are 30 to 75 em tall, depending on variety. 
There are very many varieties, differing snidely in plant size, 
seed color, and other characteristfcs. Is adaptation and cul- 
ture are similar to those of the soybean, but unlike the soybean 
it is low in oil content. It is useful as a protein supplement 
in diets. 

Vigna umbellata, rice bean or red bean, is a short-term 
perennial that grows as an annual and matures in 60-90 days in 
Asia. Its type of growth ranges from erect to suberect to twini 
with stems as much as 300 cm long, but usually reaching a height 
of only a third of a meter. It grows on light to heavy soils 
after or before rice. It is reputed to be susceptible to root 
knot nematodes which may account for its growth on soils peri- 
odically flooded for rice, thus controlling nematodes. Cul- 
tural practices are similar to mungbeans, with average yield 
of dry seed 200-300 kg/ha and attaining yields as high as 1,200. 
The dry seeds are rich in protein and are used as pulse; the 
green seeds and pods are eaten as a vegetable and the crop is 
also grown for green manure and for fodder. 

Note: Phaseolus vulgaris, phaseolus beans, field beans 
(dry beans sstringbeans in the USA) and Glycine max, soybeans 
are in this rainfall grouping. 
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thmid and Very Humid Regions (Above 1200 m-m annual raii2fai.j.) 

Mucuna var. ut%Eis I 
herbaceous 3 

velvet bean, is a perennial, 
p4ij to 8 meters in length that matures in 

to 300 days in Africa. It requires high temperatures and 
'2 humid climate but wfl,$. grow cn poor, sandy loams. %A It has ;-,&d ve,ry l-p&j sascepdibeiiq to 

ll 
ests and diseases. 

yields average 700 zo 1,060 kg/ 
Dry seed 

a. The seeds are sometimes 
used as pulse, and the crop is alJo grown for green m3nure, 
cover> and forage. 

?kxuna sloane<, horseye bean, is a pQvann+nJ 
cEimBeP, T!5TT%eter8 in length, 

VL \-LI*AAu* I herbaceous 
that fruits in 240 to 360 

days, It requires high temperatures and humidity and a well- 
drained soil. 
and diseases. 

It has had very low susceptibility to pests 
Ripe seeds are sometimes used as a pulse in 

tiliskening soups in eastern Nigeria. 

Pachyrrhizus erosus, 
bean, * 

Mexican yam bean,potato bean or maniac 
1s a climber grows to 2 to 5 meters in length and 

produces good-sized tubers in less than a year. 
nial -hrough its tuber, 

It is a peren- 
but the stems and leaves are annuals. 

It is native to the American tropicsj but is grown widely in 
tropical countries on all continents. 
pagated by pieces of mature tubers, but 

The crop is usually pro- 
can be grown from seeds 

planted about 30 cm apart in rows spaced 90-100 cm. Vines 
should be supported on poles. 
and a humid climate. 

It needs well-tilled, sandy loams 

pests and diseases 
It has had very low susceptibility to 

and is one of the most vigorous growers and 
pod producers among the tropical legumes in high rainfall areas. 
Tubers are eaten raw or cooked, the green pods are sometimes 
eaten as a vegetable. 
to man and animals. 

The ripe seeds are reputed to be toxic 

Phaseolus lunatus, lima bean, is a perennial twining 
climber, but theree also bush types. 
270 days to grow 

It requires 100 to 
and is of major importance in the African 

lowland tropics as well as many other tropical areas where it 
needs a moist climate and well-drained, aerated soils. I ‘ii S 
susceptibility to disease has been very low. Dry seed produc- 
tion averages 500 to 600 kg/ha with yields as high as 2,800 kg. 
It is eaten mainly as dry beans as pulse, but the green beans, 
young pods, and leaves are also eaten as a vegetable. Note: 
The dry seeds may be toxic (HCN). 

Pso hocarus tetragonolobus,winged bean, is a twining, gla- 
brou-s perennial plant that grows to fruiting in 180 
to 270 days in tropical Asia, Papua, and New Guinea. It needs 
a humid climate and loamy soi'rs. Its susceptibility to pests 
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and diseases has been very 1ow. 
400-500 kg/ha, 

Yields of dry seed average 
but run as high as 2,500. 

leaves, 
Fresh green pods, 

pulse. 
and tubers are used as vegetables, the dry seeds as 
Lt is also grown for green manure and forage. 

ft%-HXlOStyliS 
climE&g ) or proc 

African yam bean, is a twining, 

that ~TXNJS to seed 
baceous perennial of 3 to 6 meters 

reduction in 150 to 300 days, in lowland 
tr~pfcs of Africa wrere it is an important crop. t It needs a 
humid climate and well-drained loam soils. 
to pests and diseases has been low. 

Its susceptibility 
Yields of dry seed average 

390 to 500 kg/ha and range up to 1,200 kg. Tubers are eaten 
fresh or cooked; dry seeds are eaten as pulse. 

Winters or Cool. Weather Legumes Grown for Food 

Lathyrus sativ-GQ 
chickPing viitch 

-, grass pea, vetchling, khessari or 
requires 

tropical climate. 
a subtropical or temperate, not a 

It is grown at higher elevations during a 
cool season in India, the Near East, and North Africa. The 
plant grows erect or nearly so, about 75 om tall although some 
forms are procumbent. The stems and leaves somewhat resemble 
field peas. It is grown primarily because of its ability to 
produce a modest crop despite limited rainfall during the 
growing period. Cultural practices resemble those for len,t;Zs 
and chickpeas. The seeds are rich in protein, but many va~i- 
eties contain toxic alkaloids in the seed that cause dangerous 
systemic disorders in man. Its culture for food must be rigor- 
ously limited to nontoxic strains. 

Lupinus albus, white lupine or sweet lupine,iw an annual 
with stems 4-120 cm long (depending on variety? with 5 to 
7 leaflets per leaf and wh'te flowers and seeds. m 1 t is grown 
in cooler seasons (higher altitudes in the tropics) in much the 
same manner as field peas. The crop prefers soil,s of moderate 
fertility and is most productive when the "rainy" season is 
fairly cool. 

L. augusti.folius,"sweet" strain of blue lupin, and L. 
luteils,-sweet" strain of yellow lupine, are related species 
mwhrch strains have been developed that are "sweet", i.e., 
they have relatively low toxic alkaloid content. A process 
for essentially eliminating the remaining alkaloid has been 
worked out in Chile. These species appear superior to 4. albus 
on sandy, moderately acid soils of low fertility. They are 
small-seeded types. 

The bitter lupines, with an alkaloid content of 0.35 to 
3.0% have been consumed for centuries by the Indian population 
of the Andes in Colombia, Ecuador, Peru and Chile. Information 
available indicates that lupines are also consumed in Italy and 
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Iran. 

The 30 called "sweet lupines" with an alkaloid content of 
only 0.001 to 0.02% are a new development and their seeds are 
now being extensively investigated as a raw material for high 
protein foods. Even with the alkalotd content low' it is con- 
sidered by the Chileans that it9 complete removai is essential 
as it may be a potential health hazard. 
tain also a slight bitter taste. 

Sweet lupine seeds re- 

Experiments have been conducted in Chile which have re- 
sulted in a processed product with much the same characteristics 
as was developed for the soybean by the University of Illinois. 
The grain is first adequately dried, then dehulled and leached 
with warm water for a certain period, at the pH which corresponds 
to the isolectric point of the protein. Subsequently it is 
shredded and dried; and, if necessary, finally ground in an 
Alpine mill. 

Vicia spp., vetches of various kinds, although primarily a 
foraRe and cover crop, are grown for food in some areas. For 
exam.? le) Turkey produces vetch seed and exports some of it to 
Japan for use as a food legume. 
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I CHAPTER 20 

GRCUNDNUTS L' 
(Arachis hypogaea) 

Other Common Names: peanuts, goober pea, 
pistache de terre, 
earthnuts 

7 ‘)- L.1e groundnut is both a food grain legume and an oil seed 
CrGp a It is widely grown in the tropics and subtropics 
for direct use as food, for the oil, and for the high pro- 
tein meal produced after oil extraction. 

Geographical Distribution 

Groundnuts are believed to have originated in the upper 
Plata basin in what is now eastern Bolivia and to have spread 
rapidly throughout the tropics and temperate zones following, 
the colonization of the Americas. Groundnuts are grown 
widely as a crop of major importance in the following coun- 
tries of the tropics and subtropics: in Asia - India, China, 
Burma, Indonesia, and Thailand; in Africa-igeria, Senegal, 
Sudan, Zaire, Niger, Uganda, Upper Vo'lta, Cameroon, Malawi, 
Chad, and Mali; in South America - Brazil, Argentina, and 
Paraguay; in Central America and the Caribbean - Dominican 
Republic and Mexico; in North America - the United States. 
The yields per hectare may be used as an indicator of the 
degree to which improved technology is being applied. In 
contrast to the North American production under a relatively 
high level of technology that produces average yields of 
2300 kg/ha, and top yields above 3000 kg/ha, Asiatic yields 
generally are less than 1000 kg/ha, African yields about 
Z/3 of Asiatic yields, and South American and Caribbean 
yields about equal to Asiatic yields. There appear to be 
substantial opportunities to make effective use of known 
technology in the tropics and subtropics; but there is doubt- 
less much research that should be undertaken to adapt research 
results from other areas to the ecological conditions in 
each groundnut producing country. 

Utilization 

Groundnuts constitute a major crop for subsistence 
food; as a high-protein crop to balance diets high in cereals 
and starchy foods, supplementing animal proteins; as an oil 

Y Edited by Ray 0. Hamons. Research Cenericist and Technical Advisor (Peanut 
Breeding). Southern Region, Agricultural Research Service. L’.S. Dept. of 
Agriculture. in cooperation with University of Georgia Coastal Plain Station. 

B.E. Caldwell, Staff Scientist (oil Seeds). National 
ricultural Research Service, U.S. Dept of Agriculture, 
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crop for home use in cooking, lighting, and as a food con- 
stituent; and as a cash crop for domestic markets and foreic:n 
trade. The principal importing countries are most of T/Jestern 
Europe, Japan, Hong Kong, Singapore, Malaysia, Venezuela, 
and Algeria. The 'crop is marketed as unshelled nuts, oil, 
or meal, 

The crop is usually grown in rotation with maize, SOL- 
ghm, and millet, and as an interplanted crop in various 
row crops. The vine residues, after the pods are remcved, 
are excellent protein feed for horses and for ruminant :i.<-~.!k:- 
stock. The crop may be grown with little or no mechanization, 
with partial mechanization, or as a completely mecha+zed 
crcp. with moderate attention to control of spoilage damap,e, 
groundnuts store well; they may be processed for oil and 
meal, or roasted with primitive home facilities; or processed 
with advanced technology. 

As an edible oil crop, groundnuts compete with :<esame, 
sunflowers, and soybeans; but each has somewhat different 
ecological adaptations. 

Groundnuts AS A Foodstuff -- 

Whole groundnuts, and groundnut meal producecI by expressing 
the oil, are rich in protein, minerals and vitamizls. The . oil 1s a satisfactory cooking oil,, useful also for home 
lighting; as a raw material for making margarine, and directly 
as an essential food. The whole groundnuts (without shells) 
average 26% protein, 43% oil, 24% carbohydrates, and 2,7% 
minerals. They are rich in calcium, phosphorus and iron, 
They constitute an excellent source of the vitamins thiamine, 
riboflavin, and niacin, but not of vitamin A or ascorbic 
acid. The meal is much richer than the whole groundnut in 
protein, minerals and vitamins. 

The groundnut protein resembles most other plant proteins 
in being somewhat deficient$"in the two amino acids essential 
for human diets, namely, methionine and cystine, in comparison 
with animal proteins. However, groundnut protein serves 
as an excellent supplement to cereal grains and starchy crops 
that are low in ,$ysine and tryptophan, in which groundnuts 
are rich. Cereels and starchy crops Fre comparatively high 
in methionine and cystine. Using animal protein as the 
standard complete protein for human diets, groundnuts serve 
as an "extender" of the scarce and expensive animal profeins. 
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Adaptation 

Groundnuts do not tolerate low temperatures. They need 
a warm climate, with moderate rainfaP1 or irrigation during 
the growing season, and prefer hot, dry weather during seed 
ripening, The crop is not adapted to regions of continuing 
heavy rainfall; since the difficulty of curing the crop with- 
out noldirag of the seeds is prohibitive in humid regions, 
The bambarra groundnut is grown in humid regions. 

Early varieties will mature in 90 to 100 days, and 
O~'?KC varieties require as much as 140 days, This compara- 
tively short growing p eriod may permit production of a second 
crop (following a cereal) on the land in the same year. 

Soil type and condition is highly important for ground- 
nut production. Savanna lands and similar ecological zones 
are preferred, but within such zones, wells Irained, sandy 
loams are 'best, Since the ripe crop of pods is borne under 
the soil surface and must be dug out, a friable soil is highly 
a+antageous. Also, such soils favor rapid maturation of 
th, pods and minimize mold damage. 

Groundnuts are reputed 'co grow well on soil3 low in 
fertility, but this is true only when they follow another 
crop that has been well fertilized (cotton, maize, sorghum,, 
etc.) I. The groundnut apparently utilizes rather well the 
residual mineral fertilizers left from the preceding crops. 

Description 

The groundnut X3 a legume; it is not a nut in the tech- 
nical sense, but is a type of pea. It is a warm season, 
annual, herbaceous plant, that produces a central upright 
stem with few to numerous branches that range in habit from 
nearly erect to prostrate. There are two main botanical 
types : (1) the Spanish-Valencfa type in which the plant 
is generally erect, matures early, has pods clustered about 
the base of the lant and the seeds possess Httle fresh 
dormancy; and (2 P the Virginia%&type in wI$i.ch plants are spread. 
ing (runner) to upright (bunch), in habit, mature later, 
have pods dispersedalong the secondary and tertiary branches, 
and the seed possess"'appreciable fresh dormancy. 

The plant has a well developed taproot with numerous 
lateral branches,, The root system is well nodulated,'and 
the plant is, therefore, not dependent on soil nitrogen nor 
on fertilizers to meet its high nitrogen requirements. 



Varieties_ 

There it; a ii.E-,j. Lti d amount of cross-pollination of grouncfs= 
nuts under fftil2 c~ndirions, and the progeny of these ~latur&P 
hybrids provide ii rich source of variability for making seI..ec.- 
tions. Another--and rarer--form of variant, the mutant, ma;s 
also occur, Thus # there are a great many types and varieties 
found in all gr~undaut producing regions. After the initial 
few plant generations, the variants resuiting from natural 
crossing generally brekd true, 30 that tRe subsequent seleilr-ic~Is 
can be maintained without hereditary changes8 provided tk-13~: 
off-types are rerr;oved in all seed producing fields. I.21 e 
dominant varieties a&. types of any regions show a strong 
tendency toward adaptation to local climatic and soil ~ondilit.I.ur;~~ 
which has made them -more prodxtive. There is a continuing 
opportunity to select strains that&re capable of responding 
to improved @u;ltural practj.s_P,s i that are more resistant to 
specific pe3t3, and have preferred growth habit3 and seed $& 
characteristics, 

!C., ,&$ ?;a!* 

Evaluation of varieties and strains introduced from 
other re&,4J-- i rris xjji t-h similar climatic conditions is likely 
to provide rapid benefits, if field trial.3 are conducted 
under cult-ux-aP con$itions favorable to high yields, wftt: 
all strains given equal treatment, In addition to total 
yields, and growth characteristics that favor ease of prod..:_:- 
tion and harvest, selection gi~~ufd emphasir;e market ac~e.~;~~~~~ril'~y. 
Since the strains or selections generally breed true,, there . 
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is no difficulty in naintaining the identity and genetic 
purity of superior selections, 
seed wit‘nout 

Graders may save their own 

on removal of 
loss of hereditary traits, with lirr,ieed guidance 

of f-types 0 and with precautions against physical 
nixing of different strains. 

5 :2 " I-1 
Groundnuts should be grown in rotations ~G.ch other crops, 
as maize, millet, sorghum, and cotton; and there iS * - soiz evrdence that periodic growth of a forage grass or le- 

gume for livestock feed, enhances subsequent yields of ground- 
p*u:: 8 in tropical and subtropical regions. 

Zertilizers 

Groundnuts do not respond tc, nitrogen fertilizers when 
the crop is grown on land naturally inoculated with root- 
nodule bacteria, or when seed has been inoculated before 
planting on new lands, The crop is believed to be capable 
of growing on soils of low fertility, but this is true tc? 
only a limited extent, 
in the rotation tha 

when groundnuts follow other crops 
t have been fertilized with mineral fer- 

tilizers. Groundnuts appear to be capable of using residual ' 
fertilizers in the soil. Since the plants and seed of ground- 
nuts are quite high in mineral elements, the supply of these 
in the soil must be high to support high yields,, The major 
elements required are phosphate, potash, calcium, magnesium, 
and sulfur, For a31 of these, it is essential that they be 
available for ready absorption by the root system. However, 
there is an additional requirement for calcium; this element 
must be present in the surface soil. into which the pegs are 
inserted, 
of plants, 

to foster development of seeds. 
additions of calcium may be made 

For the bunch-types 
on 15 cm strips 

on both sides of the pl!qnt'row. For runner-type plants, 
the entire surface soil&should be treated. Finely ground 
limestone or gypsum (calcium sulfate) at rate3 to supply 
the equivalent of 100 kg/ha of CaO will usually suffice, 

I .e;. ST, *2 j>~w$"@b.+ 41 
although field trials should be made for more precise measures 
of the amounts required to maximize yields. 

Positioning of mineral fertilizers in the soil is recom- 
mended, since many tropical and subtropical soils react prompt- 
ly with phosphate fertilizers to render them unavailable 
to plants. Placing the fertilizer in bands, under the planted 
seed, greatly reduces the undesirable inactivation that would 
occur if the fertilizer were broadcast or mixed with the 
soil mass. A practical method is to open a shallow furrow, 
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place the phosphate (and potash if needed) in a band in the 
bottom, ctiver with 5 to 8 cm of soil, place the seed thereon, 
and cover the seed with about 5 cm of soil, Field trials 
should determine the amount of fertilizer needed; but, if 
these have not been made, it is suggested that superphosphate 
be spread to provide 50 kg/ha of P2C5. Potash may be added 
at: a rate to supply 25 kg/ha of K20 along with the superphosphate. L 

It should be noted that ordinary superphosphate contains 
calcium, majinesium, and sulfur, sufficient to meet plant 
needs whe:l this fertilizer is used. Eiowever, concentrated 
supesphtisphate does not c0ntaj.n su2fur; this must be provided 
from other sources. 

On many strongly weathered soils of the tropics and 
:;ubtropics, evidence is betng found of serious deficiencies 
in S' t.raf-.y elements needed in small amounts; and correction 
of these deficicn-4 LAes 1s required to permit responses to 
the traditTona1 mineral fertilizers. One or more of the 
following elements may be deficient; manganese, iron, copper, 
zinc, bgron, and molybdenum. TJntil, the necessary research 
has been done on major soil groups to determine specific 
deficiencies in trace elements, it may be practical to make 
applications of animal manures which usually contain small 
amounts of trace elements in a readily available form. It 
is suggested that dung be spread with superphosphate, in 
furrows, as described above. If this is not practical, the 
dung may be placed in the bottom of furrows during plowing, 
under the proposed location of the row. 

Seed Bed Preparation 

The seed bed should be mellow and friable, all living 
weeds killed, and trash removed. Fj_elds should be managed 
to conserve rainfall by reducing runoff and storing rain 
in the soil profile. 

Planting 

ROW planting is highly recommended; it is necessary 
for proper placement of fertilizer, for weed control, and 
efficient harvest. Planting should be done as soon as rains 
begin, to foster rapid germination of seed. Either shelled 
or unshelled seed may be used, but if unshelled seed is'planted, 
the pods must be broken into two or mo:ce pieces to give prompt 
germination. Spacing of rows and distance between '@ants 
in that row must be adjusted to variety and probable rainfall. 
Smaller varieties may be planted in rows 60 to 70 cm apart, 



- 176 - 

and larger varieties in 90 to 100 cm rows. 
may range from 10 to 20 cm in the row. 

Spacing of plants 
From 20 to 40 kg/ha 

of shel.led seed (or double these amounts of unshelled seed) 
wi.11 suffice to plant one hectare. (NOTE: No recommendations 
are made on treating seed before planting, since such treat- 
ments are poisonous to man if surplus seed is eaten; and 
must follow in-country regulations,) 

Weed Control 

Groundnuts are not strongly competitive with weeds, 
and infestations seriously reduce yields, particularly in 
drier regions. Weeds not only exhaust soil moisture but 
also deplete nutrient supplies, Early removal of weeds reduce 
competition with developing groundnuts, and minimizes physical 
dar‘!age to the root systems of groundnuts, Pulling, hoeing, 
or tillage after blooming of groundnuts begins, interferes 
with "pegging" of the plant, and pod formation. If weeds 
are still present at blooming or later, it may be advisable 
to use a selective herbicide that will not injure the ground- 
nuts, to avoid serious loss in yields. Groundnuts are reputed 
to be resistant to witchweed that at,tacks cereal grains. 

Disease Control 

Principal reliance should be placed on two preventive 
measures for control of plant diseases: (1) plant those 
varieties or strains that exhibit greater tolerance or resis- 
tance to locally prevalent diseases, and (2) practice field 
sanitation, Such sanitation includes use of crop rotation 
so that groundnuts are not grown on the same land in successiv 
years, and removal of all plant refuse promptly after harvest, 
These practices great&y reduce the amount of inoculum that 
might infect new plantings, 

The *nBUI”Y*pnh 0-A V&5- I L G-IL-5 I”J spread of diseases is diye+,ly r-- 
lated to rains and air humidity. Regions and seasons with 
frequent rains and high air humidity are not favorable for 
groundnut production. 

Qualitative genetic resistance to most of the diseases 
known to attack the groundnut is in its infancy compared 
to the advances made with the cereals for example. However, 
progress is being made. Genetic resistance to rosette is 
known and has been incorporated into commercial varieties. 
Resistance to rust is known and the genetic mechanism is 
under study. Genetic resistance to the most important di- 
sease, leafspot, is yet to be conclusively demonstrated in 
Arachis hypogeae, but occurs'in certain wild Arachis species. 
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Insect Csntml w-e...... 

Harvest _1_1_- 
~,apd~e s f “;.r*;i; ;.. I % 2:. crucdnl aspect of groundnut productior; 

The crop is rJ.pe wkie.11 the seeds are full grown with seef 
coat (skins) showing Fiatural color of the variety, and the 
inside of the shell ha: begun to color. Groundnuts shrink 
badly when harvested Tao early. 
below ground level, 

Since the crop of pods is 
they must be lifted out without removilrag 

the pods from the vine, This is more easily done on sandy 
loams in friabh c.orAdition. The main root must be broken, 
and the entire uin e with attached pods lifted, either by 
hand tools or machlnes. The lifted plants may be cured in 
a windrow, with pods not exposed directly to the sun; exceat 
in more humid regions or seasons, they may be shocks or sms.PI. 
stacks a-cund poles to minimize contact tifth the soil, Curing 
continues until moisture content of the seeds falls to X0% 
or less. 

Groundnut curing is particularly important, since it 
has been found that is very essential to minf- 
mize the hazard of m produces a toxin (aflatoxin) 
that Tp9Lncz L .U..L" the crrzp unsafe .for use as food for man, or feed 
for livestock. The crop rarely suffers any significant molding 
untii iifted out of the ground on well drained soils. Prompt 
and thorough drying of lifted plants prevents molding of 
the seeds. The presence of molding makes the crop unmarketaUe, 
and unsafe forhome consumption as food. Windrows or small 
piles of the vines and pods must be turned over promptly, 
if rains occur during the curing stage. L&e 

Footnote: For further information on 
WI=4 in book on "Tropical Agrieu 
ference list following CIlapter 402. 
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The soyh3.m fs an ancient crop in the Orient a where 
it I-Las song been alE:dd directly for food as a green vege - 
table, in a wi.de variety of fermented food products made 
from mature bears:: a and a,S the edible sprouts of gempTtIi.natihg 
beans. In addiu:iti;i! oil. Fs.pressed out of the mature beans 
for foods and c:oc;l.&-ig, and the resulting meal is used as a 
food. These uses appear to have originated in China and 
subsequently spread to neighboring countries. The soybean 
did not receive much attention outside of Qlr.ina and the. 
Far East until recent time and is still a minor crop in 
most of Latin America (except for BraziYj, in Africa, and 
the Middle East. 

In the IJrair ;i3, S&&es, soybean grain did not begin to 
achieve majob importance until the 1940's, when average acre 
yields of soybeans following heavily fertilized maize in the 
rotation began to crlL *imb from previous levels of 15 to 20 
bushels per acre to the present average of about 35 bushels 
per acre (2100 kg/ha). The soybean was first grown as an 
industrial crop for extraction of oil (a high value product). 
The residual meal from modern oil extraction processes proved 
to be nutritious, high-protein feed for all classes of live- 
stock. With some further refinement, soybean meal also began 
to enter human foodstuffs in the mid 1960's, and has increased 
in importance as a supplementary protein food. The meal is 
presently considered even more valuable than the oil, as a 
total product. Improved varieties and better cultural prac- 
tices accompanied the growing of the soybean on soils of 
high fertility. Soybeans began to be exported from the U.S. 
extensively during the 1960's, reaching more than 14 million 
tons in 1973. The estimated exportation figure for 1974 i,+ 
expected to be somewhat less than 1973. 

*j, 

This phenomenal growth of soybeans in the United States, 
has attracted interest in other parts of the world where 
environmental conditions are similar, especially in southern 
Brazil and similar zones with responsive soils. The crop 
is originally adapted to temperate zones, being considerably 
influenced by length of day (hours of sunlight). The shift 

11 Edited by Earl R. Leng, Professor Plant Breeding and Genetics. 
T. Hymowitz Assoc. Prof. Plant Genetics and IY K. Whigham, 

of Agronomy. University of Illinois, 
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from long days 
and seed set. 

to shorter days stimulates the onset of blooming 
However, 

reproductive ph- 
in many strains the vegetative and 

daylengths. 
aoes proceed essentially normally under tropical 

The general use of.soybeans as food in China and the 
Far East, has led to efforts to use soybeans outside of 
those regions as a home cooked food in the same manner as 
peas, beans and other pulses (Chapters 1149). The direct 
use of soybeans, as food (without fermenting, sprouting, 
or extracting oil) has involved certain problems, There 
are some factors in raw whole soybeans that inhibit or re- 
tard protein digestion. 
when consumed by man, 

Other components cause flatulence 

dry beans. 
although not as much as the usual 

The practice often used to prepare kidney beans, 
by soaking several hours in mild1 
of baking soda per liter of water r 

alkaline'water (5 gm 
discarding the soak. 

water, and then bokling for 30 minutes in fresh alkaline 
water as before to convert whole soybeans into an acceptable 
foodstuff. 
soybean meal 

There is no barrier to full digestibility of 
produced by toasting following the extraction 

of oil, or to that of boiled whole soybeans. The high tem- 
perature denatures the inhibitors of digestion and also 
reduces the tendency to produce flatulence. 

As an industrial crop, the soybean competes. with other 
oil seed crops (groundnuts, sesame, sunflower, etc.) in 
yields and in crop value per hectare. As a protein food, 
the soybean also competes favorably with other food grain 
legumes and groundnuts. In the United States, soybeans 
and groundnuts each are capable of producing up to 3,000 
kg/hectare under appropriate cultural practices, The choice 
of one of these in the U.S. depends on soil t 

z? 
e, actual 

comparative yields, etc. 
soils than on heavy soils. 

Groundnuts do much etter on sandy 
The reverse is true of soybeans, 

Yield trials of well adapted varieties of soybeans in direct 
comparison with other food grain legumes or oil seed crops 
should determine the profitabiiity of growing soybeans in 
specific locations of the tropics. 

IJtilization @ 
Soybeans grown as a green vegetable make an excellent 

foodstuff in immature stages of development, in the-same 
manner as shelled green beans, peas, cowpeas, broadbeans, 
etc. The-potentia 1 inhibitors to digestion are no problem 
at immature stages of soybean development. 



Soybeans as a foPsdst%Jff -’ ---- 

The average compositbons of whole soybeans and of the 
mesa a&at is residual from oil extraction, are as f~oi.lisws: 

Protein Carbohydrate - 

(*prsduced by t-he selvent extraction process) 

Soybean meal, Xa an excellent high-protein food, k. 4 
a protein food, it is much higher than the grain I.eguzi;:s, 
44% versus 20 to 25%, so that it serves as a useful supple- 
ment to the protein-poor cereal grains. The meal is rich in 
minerals, particularly calcium, phosphorus and iron, and 
also has good to excellent content of the vitamins thiamin, 
riboflavin, and niacin. In common with other leguminous 
crops, the protein is somewhat deficient in 2 of the esden,- 
tial amino acids -- methionine and cystine; these are usually 
sufficient, however8 in cereal grains, Zt may be also used 
as an "extender"' e,f the well-balanced animal proteins (meat, 
miUc, eggs, fish). 

Soybean oil is used far CCEking, for making margarane, 
salad oil, and in baked goods. Soybean flour (made from 
the meal) may be mixed wtth wheat flour (up tr13 20%) ts pro- 
duce a wide variety of baked goods, candies, ice cream9 
and pastries, that are much higher in pr6t:ein than products 
made with cereal flours alone. 

Adaptation 

The climate requirements for soybeans are about the 
same as those for maize., There is need for moderate mois- 
ture supplies to facilitate germination and early plant 
development, but the crop wi, 11 withstand short periods sf "? 
drought after the plants are well established. In general3 
combinations of high temperatures and low rainfall are un- * 
favorable, in terms of grain, and oil yields and oii qualityi 
A wet season is not unfavorable, provided the soil does 
not become TgaterJ ----= The period of germination may be 
critical; soil te&",%;res should be above lS*C, and soil 
should be moist a& planting time. Growing temperatures 
between 20 and 25 @ appear to be optbmum. 
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Soybeans grow on nearly all well drained soils, but 
are especially productive on fertile loams, They are not 
as sensitiv'e to acid soils as many other legumes, They 
have one highly essenti“ requirement -- the seed must be 
inoculated with fresh (u!.tble) soybean nodule bacteria to 
meet the high nitrogen requirements of the plant. No other 
strain of nodule bacteria will inoculate soybean plants; 
and fresh inoculation at planting time is a prime require- 
ment, unless the field has recently produced a successful 
soybean crop -- in which case the soil is naturally inocu- 
lated, 

Description 

The soybean is an annual summer legume, is usually 
erect, bushy and rather leafy. Varieties range in height 
from 45 to 120 cm, with growth periods of 75 to 150 days, 
Most varieties have a well defined main stem that branches 
from the lower nodes when the plants have sufficient space. 
Many varieties of soybeans have a determinate growth habit -- 
that is, the plants reach a definite size, produce flowers 
and seed, and die. The first two leaves are unifoliate 
and the later leaves are trifoliate with a variety of leaf- 
let shapes and sizes. As maturity approaches, the leaflets 
begin to turn yellow; they usually drop off before thti pods 
mature. The entire plant is covered with fine tawny or 
gray colored pubescence. 

Small purple cr white flowers are borne on short stalks 
arising at nodes of the stems. The pods are small, straight 
or slightly curved, .and range in color from light straw 
through shades of gray and brown to nearly black. Pods 
contain 1 to 4 seeds, that are round ts elliptical in shape. 
The most popular commercial varieties have straw yellow 
seeds, but seeds of varieties may be greenish-yellow, green, 
brown, or black. The seed coats of light colored varieties 
may be mottled with brown or black, and this mottling is 
both hereditary and the result of environment, but does 
not normally affect grain quality. 

Soybeans are normally self-pollinated, because polli- 
nation occurs before the flower opens. A sm@l amount of 
cross-pollination rarely occurs$ producing off types in 
the succeeding crop. 

Varieties 

There are at least 100 established varieties of SOY- 
beans grown in commercial fields in temperate zone countries. 
These range ingrowth period from 75 to 150 days, and have 

+ 
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mostly been chosen f5r their adaptation to the sequence 
of long d&lye for vegetxtive growthS, and shorter days for 
blooming and seed prsduction, There are t pes suitable 
for growing in tn95e tropics or subtropics, i!i ut breeding grs- 
grams doubtless will b needed to develop better adaptation 
in these, En particular, some of the varieties adapted 
to the Corn Belt and southern states of the U&A, are also 
suited to the su tropics and tropics. 

Varieties differ widely in all plant and seed charac- 
ters a The most impoxtant traits sought are hfgh yield pattin- 
tial s ri~sistanse tc locaE2.y prevalent diseases and inssct 
pests, and the nonshattering of ripe pods. Collections of 
soybean varict%es ace maintained by the U,S, Department of 
Agriculture, and these may be supplemented by varieties from 
other regiolss, for ffeld evaluation in the region where the 
crop is desired. Such field evaluation should be made using 
the cultural practices favoring high yields of soybeans, 
and giving all strains equal opportunity. This procedure 
should identify strains that will be useful in their present 
fomp and also should indicate which strains could be used 
as parents for a full fledged breeding program. 

Culture 

Fertilization 

Soybeans do not usually need supplemental nitrogen 
fertilizer, since the crop is a legume and meets its require- 
ments for nitrogen through root nodules. However, the crop 
is unique in that only the soybean strain of nodule bacteria 
will produce nodules, whereas many other legumes are not 
specific as to strains of bacteria. 

Soybeans have rather high requirements for mineral 
nutrients, especially phosphorus, ca'lcium, magnesium, and 
sulfur. If ordinary superphosphate is used as fertilizer, 
it will supply all of these. However, if concentrated 
superphosphate is used, it contains little or no sulfur, 
which must be supplied by other means to meet deficiencies 
in the soil, St-jybeans yield well on soils of high ferti- 
lity, partirularly when following heavily fertilized maize -e--w 
or sorghu+ 

The best indices of fertilizer needs are actual field 
trials on specifix soils. Since the majority of tropical 
and subtr.Dpical soils are deficient in minerals for the 
soybean crop. it is suggested that ordinary superphosphate 
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be applied at rates to deliver 100 kg/ha of P205. A cri- 
tical point in applying these minerals is proper placement 
SO they will not interact with the soil to become inert 
and so they will be promptly available to the root systim 
of the young plants. 

These objectives can be achieved by placing the ferti- 
lizer in bands below the seed. A practical method is to 
open a shallow furrow, spread the fertilizer, cover with 
5-8 cm of soil, drop the seed thereon, and cover with 3-5 
cm of soil. Such placement may also be made by machines 
that spread fertilizer and also drop seed, for large scale 
corrrmercial plantings. 
than hand planting 

Machine planting is no more effective 
done properly. 

There is considerable evidence that crop yields, parti- 
cularly of legume crops, suffer from deficiencies of "trace" 
elements when grown on tropical and subtropical soils. 
Those elements are manganese, iron, copper, zinc, boron, 
and molybdenum, and a deficiency in one or more of these 
may prevent any response to fertilizers. Until necessary 
research has been done to identify the deficient elements 
for each soil group, it is suggested that field trials be 
made on the value of animal manure added to the mineral 
fertilizers, 
trace elements 

Dung usually contains small amounts of the 
in available forms. The dung may be spread 

in furrow bottoms along with phosphate; or it may be placed 
in the bottom of a plow furrow, approximately beneath the 
intended plant row. Furrow placement conserves the supply 
of dung that is usually in short supply. 

Seed Bed Preparation 

The seed bed should be prepared as for maize. All 
living weeds should be killed, trash removed orplowed under, 
and larger clods broken up. Soybeans should be planted 
in mellow, moist soil to foster rapid germination. Soil 
crusting, resulting from heavy showers followed by rapid 
drying in sun, may impede plant emergence and produce thin 
and irregular stands. When planted in warm moist soil, 
germination occurs in 3 days, 
harden. 

before crusts are likely to 

Planting 

Soybeans may be grown in closely spaced rows without 
cultivation or in rows spaced to permit cultivation. Row 
planting is 
From 60 to 7 t 

referred where weeds constitute a problem. 
kilos of seed will plant 1 hectare when rows 
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are spaced 60 to 90 cm apart, Seed should be planted r,athe?: 
shallow, 3-5 cm deep, ;kn moist soil,. T"h.e gcla23. is ta KEive 
plants spaced about 5 cm apart in the mw3. 

They may be grs-wn in rotatalon with cereal grains, wherever 
witchweed (Striga spp.) is a serious pest, since this parasite 
does not attack soybeans (or other legumes); the abundance 
of witchweed is greatly reduced in the following crop,, 
The soybean is a warm season annual, ‘and there are shorter 
or longer growing season var'n 
to the "rainy season" 

,,,tfes that may be used to adjust 
between dry periods of the tropics, 

or to the warm season in the subtropics. (NOTE: No recomilend;; 
tions are made on treating seed before planting, since chemfc.al 
treatments are poisonous to man if surplus seed is eaten, 
and must follow the in-country regulations.) 

Weed Control -- -.- 
Soybeans do not compete strongly with weeds in early 

growth stages, and weeds should be removed before they stunt 
the soybean plants. Early weed removal, before the root 
systems become competitive, is essential. Pulling or hoeing> 
or cultivation should be done early while weeds are small 
and easily killed, 

If weed removal becomes impractical because of the 
damage that would be done to the soybean root systems, it 
may be desirable to use a selective herbicide that kills 
the weeds without in.juring the soybeans. The herbicide 
chosen should be one that is effective on the weed species 
in the field. 

Disease Control 

There are two preventive measures that are effective 
for disease control on soybeans: (1) plant a variety or 
strain tha-t is resistant to the prevalent diseases, and 
(2) practice field sanitation, Field sanitation consists 
of measures that reduce the amount of disease inocu'llum that 
will be present when the crop begins to grow. It includes 
crop rotation, so that soybeans will not be grown on the 
same field in successive seasons, and prompt removal or 
plowing under of all crop residues after the soybeans are 
harvested. In general, it has not been found necessary to 
apply fungicides to the growing crop to control diseases. 



Insect Pest ConWol. 

As with disease control, there are two effective pre- 
ventiva measures: (1) plant varieties or strains resist;?nt 
to prevalent insect pests, 
promptly after harvest. 

and (2) remove all crop residues 
The residues may be fed to live- 

stock or plowed under. These practices decimate the insect 
pest population, and reduce the number available to attack 
t,he new crop. It is possible that insect pests may become 
sari@-us in spite of preventive measures. In such cases, 
the application of an insecticide should be made as soon 
3s serious damage seems likely; early treatment is more 
effective than delayed treatment. The insecticide chosen 
shotlld be axe that is toxic to the specific insect pest. 
(see footnote on Crop Protectbon) 

Harvest 

Soybeans should be allowed to stand in the Eield until 
the seed is dried down to 10% moisture or lower. Bryfng 
proceeds rapidly in sunny weather after leq.ves have fallen. 
Such field drying requires that the variety being grown 
be a nonshattering type. The crop may be harvested by hand 
or by machine. 

Threshing may be done by hand flailing, or by a thresh% 
machine adjusted so that the seed is not cracked or split. 
If the grain is not completely dry when threshed, it should 
be spread in thin layers on a drying floor, and turned perio 
ically until completely dried so that molding will not occur 
in storage. 

Storage 

Insects cause little or no trouble if moisture is low 
enough for satisfactory storage and storage facilities are 
weather tight. Soybeans need to be sufficiently dry (10% 
or lower) when placed in storage and maintained that way 
in order to retain viability from one growing season to 
the next. 

Footnote: For further information on Crop Protection, see 
Chapter 4 in book on "Tropical Agriculture" by Wrigley, 
(Reference list following Chapter 40). 
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CHAPTER 22 

Other Common Names: sim-sim, bene, benne, 
sesame a ELjOAjdi 

Sesame i.s a very ancient food crop, growz~ largely in 
tropical and subtropical regions. It may be grown and hzr- 
vested successfully without any mechanization; it has a 
wide variety of uses; tind there are well-developed domestic 
and incernati0nal markets for the seed. The major producers 
(].:.I add:i~ion to China) are India, Burma, Pakistan, Turkey, 
and Ty:ailand im Asia; Egypt, Ethiopia, Sudan, and *@ada 
in Africa; Venezuela, Colombia, Mexico, and Nicaragua in 
the Americas. The highest average yields reported for tro-v 
pica1 countries arp, 1180 kg/ha for Eg pt (under irrigationj, 
950 kg/ha for Saudi Arabia (irrigated 3 , 830 kg/ha for Mexics. 
and 690 kg/ha for Celombia. These yields fail short of 
2000 kg/ha reported for field pr0duction in the southern' 
states of USA (grown with natural rainfall), indicating 
great potential from the application of modern technology 
to the culture of the crop. The development of non-shattering 
seed types, now under way, will doubtless increase the popu- 
larity of the crop, and stimulate much new research on %mproved 
varieties and cultural practices. 

Utilization 

Sesame seed is a major import throughout the world. 
It moves in substantial quantity to nearly all European 
countries. In Asia, the major importing countries are China, 
Japan, Hong Kong, Israel, Malaysia, Saudi Arabia, and Taiwan. 
In Africa, U.A.R. (Egypt) is a major importer. Unlike other 
oil seed crops, virtually all of the sesame crop is marketed 
as seed; there are no statistics on sesame oil or cake in 
foreigntrade. -2 
Sesame as a Food 

A 
The whole seed of sesame is used for food, after removal "j 

of the thin coat (hull) by abrasion; and the seed meal (after 
oii extraction) is a high protein food. The average composf- 
tion of the whole seed and of the meal after oil extraction 

Edited by D.H. Yermanos. Professor Agror,omy. De 
P 

t. of Plant 
Sciences, College of Biological and Agricultura Sciencea 
University of California, RiversiCe. California 92502 
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is as follows: 

Sesame 
7T 

Whole Seed 

Mineral 
Protein 
0 

matter g Carb;$drate (%) 

22 11 3 

Meal 43 9 23 4 

The protein of sesame differs from that of all food 
grain legumes and oilseeds: (including groundnuts and soybean 
in that it is well supplied with the essential amino-acids 
-- methionine and cystine, but is deficient in lysine. 
Sesame protein can suppI 
diets; 

,ement food grain iegumes in human 
and it serves as an "extender'" of the well-balanced 

but scarce animal proteins (meat, milk, eggs, fish). Sesame 
is an important food supplement for diets that are high in 
cereals, bananas, and other starchy foods, 

Sesame is a major oil seed crop for the tropics and 
subtropics. The oil is used extensively for cooking, for 
direct use as a food in dressings of various sorts, and for 
lighting. It can be used for the production of margarine,, 

Sesame meal, produced by ail extraction of dehulled 
seed, is a very rich source of protein. Both the entire 
seed and the meal are high in calcium, phosphorus and iron. 
Both seed and meal are well supplied with the vitamins thia- 
min, riboflavin, and niacin, 

Sesame cake, produced by extraction of oil without 
removal of the seed coat, is an excellent high-protein feed 
for poultry, swine, and ruminants, 

Adaptation 

Sesame is grown as a summer crop in subtropical regions, 
and in any season with adequate rainfall in the tropics. 
It thrives in wa*rm weather, and tolerates considerable dry 
weather after the plants are well established. It is adapted 
to regions of moderate to abundant rainfall, but not to regio 
of heavy rainfall (rain forest conditions). Savannah iones 
are best suited for sesame, with production adjusted to the 
seasons when rainfall is adequate for crop growth. 

Sesame is adapted to a wide range of'soils, but prefers 
fertile, loamy soils. The crop .will grow in regions of limit 
rainfall, on deep soils that store rainfall within the soil 
profile. The crop responds to complete fertilizers, since th 
seed has a high content of the elements supplied by fertilize 



Sesame is accomodatsd in farming systems in various 
ways 0 There are short season and longer season varieties 
,that permit use as s major crop, or as a secondary crop to 
supplement a major crop. It is labor-intensive in growing 
the crop, but harvest is very easy (except for precautions 
to avoid losing seed by shattering), and processing for home 
use is simple0 Sesame seed and its products have wide ac- 
ceptance in tropfcal countries, 

Descriation 

Sesame is an annual, erect herbaceous plant; varieties 
ra.nge from 40 to 203 cm in height. The stems are square- 
sided, longitudinally furrowed, and densely hairy. The 
leaves are borne on short stalks (petioles), and vary in 
shape from lanceolate to ovate-oblong, 3 to 17 cm long, and 
1 to 6 cm wi.de* The flowers (3 cm lon ) 
of leaves, singly or in two's or three f are borne in axils 

s. The flower shape 
is bell-like, with ruffled edges of the corolla; the color 
is pink or whitish, with purple or yellow blotches. The 
seed pod (capsule) is 2G 
in shape, 

or 4-celled, borne erect, oblong 

During the 
about 1 cm in diameter and 2 to 2.5 cm long, 

flowering period, the lower buds on the stem blos- 
som first, and blooming proceeds upward to the top of the 
plant over a period of several days. 
by splitting at the tip; 

The ripe pods dehisce 
and all of the ripe seed may be 

easily shaken out by merely inverting the plant stalk. This 
pod characteristic makes hand-harvesting necessary to avoid 
seed losses, and has prevented mechanized seed production, 
The development of non-shattering types that are mechanically 
threshed wiii greatly increase the versatility of this oil crop. 

The seeds of different varieties are creamy white, dark- 
rsd, brown, or nearly black. The light colored seeds are 
preferred in world trade. The seed coat is relatively thin, 
and easily removed by abrasion for direct use of the whole 
seed as a food, and for extraction of oil and production 
of me@. a s & p a high-protein food supplement. 

Varieties r/ B 2:. q 
There are a great many varieties, types, and mixed lots 

of sesame seed available from the countries where the crcp 
is important. The USA has made a limited collection of im- 
proved varieties, and of new types, particularly the non- 
shattering types, that should be useful in any country's 
search for more productive strains of sesamE. Venezuela 
has maintained a breeding program for sesame, for some years. .$$j: 
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Collections from India and from the Far East would doubtless 
contain other types worthy of field evaluation. 

Since sesame is self-pollinated, any selections tend 
to "breed true", so that seed increase and distribution 
should be easily handled. Natural hybrids procuced occa- 
sionally by cross-pollination by insects do occur, and the 
progeny of such hybrids shows considerable variability for 
several plant generations before selections then breed-true. 
These hybrids should be removed from seed fields, to main- 
tain genetic purity of the variety being increased. How- 
ever, these natural hybrids as well as hybrids intentionally 
produced by cross breeding may be useful in developing new 
varieties of sesame. 

Field evaluation of types and varieties and of unselecte 
mixed lots to determine their yielding ability, seed and plan 
characteristics, and resistance to diseases and insects shoul 
be carried out. In these yield tests, appropriate cultural 
practices should be followed to make possible a thorough 
evaluation of the full productivity potential of the crop. 
There is little merit in testing at inadequate levels of 
cultural management. ,; 

Varieties should be chosen that may be planted and grown 
dunIng the season when rainfall will produce a satisfactory 
crop, Adaptation to the rainfall pattern, and-probable 
supplies of water stored in the soil profile, are essential 
to success with sesame. 

Cultural Practices 

Fertilizers 
j 

Since sesame is not a legume, its fertilizationdiffers 
sharply from that suited to legumes (food grain legumes, 
groundnuts and soybeans). Nitrogen fertilizers are highly 
important as a means of supplementing native soil fertility 
to meet the crop's requirement for hDigher yields. The opti- 
mum amount of nitrogen fertilizer s%uld be determined by 
field trials. For the initial trials, it is suggested that 
the equivalent of 50 kg/ha of N be supplied, It may be 
broadcast before or immediately after planting, to be carried 
into the soil with subsequent rainfall. 

The problem with mineral fertilizers is somewhat more 
complex, since these fertilize& should be placed in bands 
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below the rows, to minimi.ze interaction with the soil that 
would make the phosphates inert. Tropical and subtropical. 
soils very often have great "fixing" power for phosphates, 
so that broadcasting or mixing such fertilizer throu h 
soil mass produces scant plant benefits, A practica !I 

the 
method 

for achieving effective fertilizer placement is to open a 
shallow furrow, spread phosphate (and potash) fertilizer 
in the furrow bottom, cover with 5 to 8 cm of soil, plant 
the seed thereon, and cover seed with about 2 cm of soil, 
Initial tests to measure a response to mineral. fertilizers 
may well provide 50 kg/ha of P705p and 25 kg/ha of K20* 
The optimum amount s may be determined by using larger incre- 
ments, until crop response ceases to increase, 

In suppiying phosphate, it should be noted that ordinary 
superphosphate contains the essential. elements - calcium, 

I magnesium, and sulfur. However, if concentrated superphas- 
I phate or ammonium phosphate is used, sulfur is not present 
.;: an? must be supplied by other means, ',$ 
i$$ 
I* An additional soil fe.rtility f,;ctor to be considered 

cs and subtropics is the supply of "trace" ele- 
ust be met to permit normal responses to ferti- 

These trace elements are manganese, iron, copper, 
and molybdenum. Until such time as field tests 

ntified the deficient elements in particular soil 
it may be useful to make applications of animal 

that usually carry small amounts of these elements 
&i.n available 
FkEate 

form. Animal dung may be spread with the phos- 
in a planting furrow, or it may be spread separately . 9 plowed furrow approximately under the intended crop 

'row c This method of using dung conserves supplies that are 
3 usually limited. 

Seed Bed Preparation 

Since sesame seed is small., it should be planted rather 
shallowly on a firm but mellow seed bed. All living weeds 
should be killed, and trash removed or plowed under. Since 

is usually grown in regions of limited rainfall, 
paration should run across the slopes to aid in 

retenti"on of rainfall, and twmize runoff. 

I Planting 

Planting of sesame should be made in moist soil, about 
2 cm deep, to foster rapid germination, This is particularly 
important on soils that are likely to become crusted as a 

' result of heavy showers followed by sun -drying. Rows should 6; 

. 
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be spaced about 75 cm apart, and seed planted at rates to 
insure one plant every 6 to 12 sm of row. Where seedling 
emergence may be hampered by heavy soil, the seeding rate 
should be increased, and the desired stand of plants achieve< 
by thinning after emergence. 
one hectare. 

Five kilos of seed shculd plan1 

Weed Control 

trol. 
The principal need for tilling sesame is for weed con- 

Sesame is not easily smothered by weeds, but their 
presence will reduce yields because of competition for soil 
moisture and nutrients. Weeds should be removed while still 
small to avoid competition with sesame root systems. Puliin 
hoeing, or cultivation when weeds are larger reduces yields. 
If other methods of weed control cannot be done on a timely 
basis, it may be necessary to use a selective herbicide that 
will kill the weeds present without damage to the sesame, 

(NOTE: No recommendations are made on treating seeds before 
planting, since such treatment:, are poisonous to man if 
surplus see.' is eaten; 
lations, 

and mustr follow the in-country. regu- 
E..treme care should be exercised in t'& use of 

chemical h:-rbicides and insecticides. Applications of sueh 
chemicais late in the growing season may cause chemical re- 
sidues to appear in the seed making in commercially unaccept 
able.) 

Disease Contro_l, 

Frequent rains and high relative humidity may prbduce 
disease outbreaks on sesame. In climates of moderategto 
limited rainfall, disease prevention is feasible by two 
practices: (1) growing strains or varieties that are resis- 
tant to locally prevalent diseases, and (2) field sanitation 
Field sanitation should include crop rotation so that sesame 
is not grown on the same field in successive seasons, and 
also the removal of all crop residues after harvest. These 
practices greatly reduce the disease hazards, and disease 
control should not be important in drier climates suitable 
for sesame, 

Insect Pest Control 

Prompt plantin 
a dry period, 

at the very'beginning of the rains after 
will evade many or most of the insect problems, 

There are two other preventive measures that should be invokr 
(1) plant strains or varieties that have resistance to the 
prevalent insect pests, and (2) remove all residues immediate 
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after harvest. These practice&,, comb5ned with eerly planting, 
will reduce insect damage. Hswever ) whenever specific insectt 
multiply to the point of serious injury. an insecticide that 
is toxic to the species should be applied, Prompt treatment 
is most likely to be effective. In general, sesame is not 
seriously damaged by insect pests. 

Harvest and Threshing 

Varieties differ in length of growth period, from 85 to 
150 days. Harvest should be made p'll-omptl.y, as soon as the 
first pods (capsules) begin to burst, to avaid seed 'boss. 
The plants should be cut off at ground Bevel (or pulled), 
tied in bunches or sheaves, and stacked upright in shocks to 
complete drying. When all of the pods in the shock have 
burst open at the tips) the sheaves are carefully inverted 
over a canvas or threshing floor, and the seeds fall out 
without flailing. The crop is cleaned by screening and 
winnowing of the seed. If grain combines are available, 
threshing can be done with them by going from shock to shock. 

With seed moisture content at SO% or lower, there should 
':be no molding in storage. 
'3' 
$Storageect Pest Control 
!;i* ,j! :f,, Stored grains and seeds are always subject to insect 
$?,amsge in the tropica unless properly treated. All empty 
';storage structures and containers should be treated with 
<'malathion or other effective insecticide before being fillrti, 
,to kill insects harbored in them. The seed should be fumi- 

-jated as it enters storage, to kill insects brought in from 
the fieid. Further fumigations should be made, if subsequent 
insect infestations occur. For further discussion on fumi- 
gation, see the Chapter on Maize, section on storage insect 
pest control. 

' Footnote: For further information on Crop Protection, see 
Chapter 4 in book on "Tropical Agriculture" by Wrigley, 
(Reference list *following Chapter 40). 
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CHAPTER 23 

SUNFLQWERS a' 
(Heilanthus annuus) 

Geographic Distribution 

Sunflowers are a'relatively new crop to most areas 
of the world, although they have been grown as a major sourc 
of oil in the Eastern European countries for several decades 
Sunflowers, like maize, 
North American continent 

are a native plant species to the 
and are presumed to have evolved 

in the southwestern United States or on the plateaus of Mexf 
Sunflowers were introduced in Europe in the 18th Century 
and later to the Soviet Union. Scientists in the Soviet 
Union realized the adaption of sunflowers to their particula 
ecological conditions and pursued an energetic and most suc- 
cessful program of varietal improvement. 

At present sunflowers constitute the second'most impor- 
tant oilseed crop (following soybeans) in world production. 
World production is much greater in temperate zone countries 
than in the tropics. Temperate zone production is greatest 
in Argentina, Bulgaria, Romania, Yugoslavia, UIS.SsRo, and 
Uruguay where production of sunflowers in the tropics and 
subtropics is in Ethiopia, Morocco, Tanzania and Turkey where 
they are usually grown as a major crop in rotation with maize 
sorghum and millet, and in competition with such crops as 
groundnuts, and the food grain legumes. Sunflowers are about 
as tolerant of heat and drought as sorghum and millet. Sun- 
flowers are apparently well adapted to all tropical and sub- 
tropical savanna regions; being responsive to sunny weather, 
intermittent rainfall, moderate to low relative-humidity, 
and a wide range of soil conditions. Improved varieties 
have been developed for the temperate zone countries but 
few varieties have been developed specifically for tropical 
agriculture. In all areas of production the crop is utilized 
both for direct consumption as food, and for oil and oilseed 
cake that enters trade in competition with the products of 
other edible oilseed crops. Sunflower seed yields range 
from over 2000 kg/ha in Yugoslavia to as low as 350 kg in 
some tropical countries. It is probable that yield potential 
in tropical countries will more nearly equal those in tempera 
zones when comparable technology, and ad?pted varieties are 
developed. Q# 

Y Edited by D.E. Zirmner. Leader, Oilseed Research, North Central Region, Agri- 
cultural Research Service, U.S. Department of Agriculture, in cooperation 
4th North Dakota State University, Fargo, North Dakota 58102 and B.E. Calduel 
Staff Scientist (Oil Seeds), Natiocal Program Staff, Agricultural Research 
Service, U.S. Department of Agriculture, Beltsville, Maryland 20705 

I 

I 
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Sunflowers cm be utilized effectively for subsistence 
or as a cash crop, Tkey ITLay COZtE*ibl.itE! to &X~~StjC lll3rket 

or serve as an export crop (seed, oi.l and cake), 
uropean countries import about 85% of the crop Chat enters 
orld trade channels 9 and Asian countries about 15X,, sun -. 
lower oil is a SE!&.-drying oil (like soybean oil) and r~~:;y 
e used either as an edible silt or as an industrial oi. 

Sunflower Seed as A Food ---I_ 

Sunflower seeds are eaten as salted whole seeds, and 
as roasted nut meats (dehuSLed) O Thz c-my may be processe;l 

or oil extraction by using seed with or without hulls, 
he cake containing hulks is excellent feed for ruminant 
ivestock; an3 the c&e and meal prod.ticed by processing de- 
ulled seed is an excellent,protein food in human diets, 

of a metrtc toppl of seed for oil yield: 
, 350 kilos of meal, i;nd 200 
The average compositions of 

and of sunflower meal are as 

Mineral 
Protein Oil Matter 
---775-m --7m--- 

s#zed (with hulls) 20 46 25 4 
ked ketrnels 24 55 12 4 

eal (from dehulled seed) 50 4 36 8 

Sunflower protein is superior to most vegetable protein 
nd equal to soybean protein in terms of digestibility and 
omparable in biolrjgical value. Sunflower protein is more 
early balanced in essential amino acids than most other 
egetable proteins. While being slightly deficient in lysir 
he net dietary value of sunflower protein is 93% as high 
s the standard egg protein used by nutritionists. Soybean 
rotein rates 62% and ground nut protein 69%. 

The sunflower seed and meal. are high in calcium, phos- 
horus andiron that are essential in human diets. The con- 
ents of the vitamins-thiamine, riboflavin, and niacin are 
lso quite high, 

The oil is used for cooking, fuel in oil lamps, and 

or manufacture of margarine and food dressings, 

lasses of Sunflowers 

There are two distinct classes of cultivated sunflower: 
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an oilseed class and a confectionery or garden class. Va- 
rieties in the oilseed class .?re characterized by smaller 
and darker seeds of higher oil content and lower ilull con- 
tent than the varieties in the confectionery or garden class 
The hull of the confectionery varieties is heavier and does 
not adhere as tightly to the kernel, thus allowing for easy 
decortification. In the western world, varieties in the 
oilseed class are used exclusively for oil extraction, where 
%h.e confec%icnery varieties are used primarily for salting 
or as a source of nut meats for roasting, 

Adaptation 
I 

Sunflowers are best adapted to Savannah climates, and 
may be damaged by diseases when grown in high rainfall areas 
The crop is well suited to tropical zones, since it is not 
particularly sensitive to changes in day length; the sequent 
of vegetative growth, fruiting and ripening proceeds in nor- 
mal sequence in all latitudes. It thrives in the entire 
range of climates suited to maize, sorghum, and millet, 
When sunflower plants are well-established they tolerate 
a considerable amount of drought and heat, with prompt re- 
covery when rains occur. Sunflowers have considerably more 
frost to&erance than maize, sorghum, and millet, especially 
in the seedling stages. Consequently, sunflowers can be 
grown in climates where occasional low temperatures serious1 
damage maize, sorghum and millet. 

Sunflowers grow on a wide range of soils, but prefer 
rather deep soils with good water storage capacity. They 
arz believed to be tolerant of soi'ls low in fertility; and 
are somewhat tolerant of saline and alkali soils that are 
more common in drier regions. 
in protein and minerals, 

Since sunflower seed is high 
it is logical that high yields rqu 

sulrstantial amounts of fertilizer to correct soil deficienci 

Description 
I 

Sunflowers belong to the genus Helianthus which is com- 
posed of nearly 70 species of both annual and perennial habi 
Of the annual speoies only cultivated sunflowers, H. annuus 
have played an important role in agricultural production. 
Eevertheless several of the other species may serve as va- 
luable germplasm sources for improving the‘!Jcultivated typ9s. 
Cultivated sunflowers are for the most part single headed, 
producing heads (discs) of aggregated fertile flowers, bor- 
dered by sterile ray flowers that are lemon yellow to orange 
in color. The plant is a stout, erect annual, with most 
varieties ranging from 1.5 to 3 meters in height. The stems 
are rough and hairy, The plant has rather large pointed 
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leaves borne on short petioles, rough and hairy overall, 
The discs (heads) may vary from n I.0 to 30 cm in diameter 
depending upon the variety and the plan% population, Flowers 
are almost crmpl~tely cross-Pollinated by insects but under 
favorably erlvironmental conditions considerable selfing may 
Qccur e The seed is technically an achene, consisting of 
an embryo entirely encased in a fairly tough pericarp. 

1 

? Sunflowers have a fsp root system which is well branched 
and extends laterally for several meters and makes good use 
of available moisture In %ht2 upper soil profile, However D 
%hey do not penetrate and remove water as deep from the soil. 

' as many other tap rooted crops, 

'The plan% :ak,zs the name '"sunflower" from the bending 
of the stem (nutation) so that head 2nd leaf positions follow 
the sun during the daylight hours, facing east in morning, 
the zenith at midday, and west in the evening, This following 
of the sun partially ceases after pollination when the heads 

! remain oriented towards the east. Advantage can be taken 
: of this movement when the crop is to be hand harvested, by 
;:plan%ing rows north and south, so that harvest of heads is 
c:facilitated by cutting %he overhanging heads on the east 
&side of every row. t& ,A'>, 
$$,Vayiet-es I&;*- r;‘ . . v'; 3 2 ., ST, Since sunflowers are highly cross-pollinated, there 
!i‘is much variability within most varieties. Selections for 

specific traits - height, length of growing pe,riod, disease 
resistance, seed color and size, stem branching and head 
size, etc. 
tinct. 

-have produced varieties that are relatively dis- 
Until rather recently, the development of oilseed 

varieties was concentrated in the U.S.S.R. and Southeastern 
European countries where significant progress was made to- 
wards the development of high-oil high yielding varieties. 
Breeding programs aimed at developing both superior oilseed 
and confectionery varieties are now also in progress in Ar- 
gentina, Canada and USA. 

The recent discovery of cytoplasmic male sterility and 
fertility restoration in sunflowers has paved the way for 
the efficient production of first generation hybrids much 
like that of hybrid maize and sorghum. The United States 
have pioneered the development of hybrids sunflowers via 
this route and several hybrid varieties are now available 
in the U,S. that offer greater uniformity, higher oil, higher 
yield, and greater disease resistance than the previous open- 
pollinated varieties, 
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The Soviet varieties, including Teredovik, Sputnik, 
Smena, Armavirsky, Krasncdarets, Amrdverfc, VNlhMk 8931, 
which make up the bulk of the present world wide acreage 
are produced by open pollination, but with continuing se- 
le~tfon to maintain type and yielding ability. Unlike the 
hybrid varieties the older open-pollinated varieties have 
a wider ecolcgical adaptation and perform better under widely 
diverse conditions than do hybrid varieties. The variability 
existing in sunflowers, however, suggests that hybrids can 
be developed and reg$onalized to fit most any specific eco- 
logical condition, 

Countries tbat wish to grow sunflowers as an important 
crop should assemble seed of as many open-pollinated and 
hybrid varieties as possible for field testing under condi- 
tions representative of the area where the crop is to be 
grown. All varieties should be tested and grown with cul- 
tural practices designed to produce high yields. 

Culture 

Fertilization 
I 

Fertilizer requirements of sunflowers are generally 
similar to those of maize and sorghum. Nitrogen is a first 
requirement, 
in regions 

followed by phosphate. Potash is a requirement 
of moderate to good rainfall, but may not be 

required in drier zones. A preliminary evaluation of re- 
sponses to nitro 
lent of 100 kg o !i! 

en fertilizer should begin with the equiva- 
N per hectare,, Nitrogen fertilizers may 

be broadcast, or applied with the mineral fertilizers. 
Subsequent tests should use nitrogen fertilizers in graduate 
higher amounts to determine optimum amounts. 

Phosphate and potash fertilizers should not be broad- 
cast, but applied in bands placed below the seed. Mixing 
phosphates through the soil mass often produces little benefi 
on tropical and subtropical soils, because these soils prompt 
interact with the phosphate to make it inert, Positioning 
the phosphate in bands under the seed largely prevents the 
undesirable interaction, and insures a nutrient supply to 
the plant, from early germination onward. A practical method 
of banding phosphates (and potash) is to open a shallow 
furrow, place the fertilizer in the bottom, cover with 5 
to 8 cm of soil, place the seed thereon, and cover with 
2 to 4 cm of soil. Such placement may also be done by ma- 
chines at planting time. 
mineral fertilizer needs, 

For perltminary evaluation of 
it is suggested that the equivalent 
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of 50 kg/ha of P2O and 25 kg/ha of K20 be spread. 
ii 

Subse- 
quent trial-s shoul Le made with increasing amounts until 
the optimum rate is determined. Sunflo,wers have a reputa- 
tion for being able to feed on soil minerals not readily 
available to other crops, so conclusions as to fertilizer 
needs for maize and sorghum are not directly applicable 
to sunflowers. 

There is no specific evidence as to "trace"' element 
deficiencies affecting sunflower- yields, but this possibi- 
lity warrants attention since failure t; get response5 to 
fertilizers may be controlled solely by trace element de- 
ficiency. The trace elements are manganese, iron, copper, 
zinc, boron, and molybedenum. Until such time as experiments 
have identified the specific deficiencies on major soil 
groups, it is suggested that animal manures be used as a 
source. Most manures carry these elements in small amounts 
in forms available to plants. A practical approach would 
be to spread dung in the furrow with the phosphate, or to 
sspread it in the bottom of a plowed furrow during seed bed 
preparation, approximately under the proposed location of 

'the plant row. This method conserves supplie;: of dung that 
::are usuaily in short supply. _' 

In supplying phosphate, it should be noted that ordi- 
&ary superphosphate also contains enough calcium, manganese, 
)@nd sulfur to satisfy most crop needs. However, concentrated 
?,superphosphate and ammonium phosphate do not contain sulfur, 
i:'and this must be provided separately if needed. 

Seed Bed Preparation 

Sunflowers require seedbed preparation similar to that 
for maize. All growing weeds should be killed, trash and 
crop residues removed or turned under, and larger clods 
broken up. The soil should be moist and reasonably mellow 
to ensure prompt germination. 

Planting 

In regions with a limited rainy season, planting should 
be done immediately before or as soon as rains begin, to 
fully utilize the rainfall and to evade possible insect 
damage,, Varieties should be selected that will fully uti- 
lize the rainy season, but mature after the dry season 
begins. Varieties of several maturity classes are avail- 
able to choose from. Seed should be planted 5 to 8 cm deep, 
in rows 50 to 100 cm apart, at rates to produce one plant 
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every 20 to 30 cm in the row. Wider or narrower spacings 
may be made to adjust to rainfall expectancy, wider spacing 
in area of low rainfall and narrower spacing in areas of 
high rainfall. Three to six kilos (depending on seed size) 
of sound.seed should plant one hectare. (NOTE: Reconnnendatiol 
on chemical treatments for seed are not made here, because 
such chemicals may be toxic to man if surplus seed is eaten, 
and the treatments must comply with country regulations.) 

Weed Control 

Weed control is important in production of higher 
yields of sunflowers, particularly in regions of limited 
rainfall, since weeds use moisture and nutrients that would 
otherwise be utilized by the sunflower. Weeds should be 
removed while still small, to minimize competition with the 
crop, and to avoid unnecessary damage to the sunflower 
root system. If prompt removal is not feasible it may 
be desirable to use a selective herbicide that will kill 
the species of weeds present without injury to the sun- 
flowers. Several selective herbicides are available, some 
applied before planting and incorporated by cultivation 
and some applied on the soil surface immediately after 
planting. 

Insect Pest Control 

The depredations of insects can not be predicted for 
wide areas, 
effective. 

but certain preventive practices are generally 
(1) Plantings should be made promptly at the 

beginning of the rainy season to minimize insect damage. 
(2) Select varieties that have shown resistance to insect 
damage in field trials within the.region. (3) Practice 
field sanitation by removing plant debris soon after har- 
vest and destroy volunteer seedlings. 

When serious insect infestations are noted, control 
measures should be promptly applied to prevent rapid in- 
crease in numbers of insects. The insecticide chosen should 
be toxic to the specific insect, and used as prescribed on 
the insecticide container. (See footnote on Crop Protection) 

Footnote: For further information on Crop Protection, see 
Chapter 4 in book on "Tropical Agriculture" b 
(Reference list following Chapter 40). 

Y WrweY n 
, 
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Disease Control 

Sunflowers are particularly vulnerable to attack by 
several disease producing organisms. Diseases frequently 
are more severe in areas where sunflowers are intensively 
cultivated. Normally, diseases are not limiting factors 
to successful 
of production. 

sunflower cultivation the first few years 
A major factor in disease attacks on sun- 

flowers is that for the most part,, diseases are aggravated 
by abundant rainfall and high humidity. The crop is not 
well adapted to regions where these conditions prevail. 
Disease control need not be difficult in drier regions if 
sound pest management practices are followed. To minimize 
losses from diseases the following practices should be 
followed. (1) Plant only high quality disease free seed. 
(2) Avoid planting sunflower in rotation with other agri- 
cultural. crops that are susceptible to charcoal rot, verti- 
cillium wilt, and white mold. (3) Avoid planting sunflowers 
on poorly drained soils that are subject to waterlogging. 
(4) Use a crop rotation such that sunflowers are grown on 
the same field only once every 4 years. (5) Remove crop 
residue as soon after harvest as possible. 
volunteer plants soon after they emerge. 

(6) Destroy 
(7) Plant disease 

resistant varieties if available. 

Bird Damage 

Ripening sunflowers may suffer from bird ddmage. If 
the seeds are filled, prompt harvest is a possible remedy. 
However, premature harvest must be accompanied by special 
drying precautions to bring moisture content of seed down 
to about 10% to reduce danger of molding in storage. Bird 
depradation can be minimized by avoiding planting sunflower 
near nesting, roosting, or watering sites. Bird damage 
is frequently more severe in small plantings than larger 
ones, 

Harvest and Storage 

Sunflowers are mature when the backs of the heads are 
yellow and the outer bracts turn brown. Seed curing may 
take place on the standing stalk, if bird damage is not 
imminent; but harvest must occur before the heads begin 
to drop on the ground. Xf harvest is required before seed 
is completely dry, the heads must be placed in thin layers 
on open drying floors with occasional turning when moisture 
is reduced. Large headed varieties are frequently cut by 
hand; but both large;: headed or smaller headed types may 
be harvested by field combines. 
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The dried heads may be threshed by hand, by abrasion 
on a rough or slatted threshing board, or by a threshing 
machine. All chaff and foreign matter should be winnowed 
out at threshfng time to avoid mold.ing and to eliminate 
contaminating external insects. 

Storage Insect Pest Control 

Depradations of storage insects are inevitable in warm 
climates, unless suitable precautions are taken, sf-r?.ilar 
to those employed for protection of other grains and seeds. 
All empty storage structures and containers should be treated 
before being filled, with malathion or other appropriate 
insecticide. The incoming grain should be fumigated to 
kill all insects brought in from the field. Careful in- 
spections should be made of the grain during storage for 
evidence of new infestations and additional fumigation given 
as needed. For further details on fumigation, see the 
Chapter on Maize, section on storage insect pest control. 



- 203 - 

CHAPTER 24 

SAFFLOWER 11 
(Carthamus tinctorius) 

Geographic Distribution 

Safflower is an ancient food and edible oil crop, grown 
primarily in Asiatic, Mediterranean, and North American coun- 
tries where the cfimate is semiarid, It is a member of the 
Compositeae family of plants, distantly related to the sun- 
flower, but different in many respects. World production 
data are fragmentary. 

In North America, the USA, Canada and Mexico have sharply 
increased total production in recent decades, and protiuction 
now totals 400,900 metric tons per year. The Old World tra- 
ditional. producers of safflower totaled only 250,000 metric 
tons, with India, Turkey and Spain leading. 
production of safflower as 

However, the 
a subsistence crop throughout 

the dry regions of the Mediterranean, Asia and Africa does 
.not enter into statistical reporting. Only when family or 
village production jl.s fortunate enough to exceed Poeal needs 
ldoes the surplus enter into trade channels. This type of 
::-production usually does not attract the attention of leaders 
.in agricultural development, so that culture of safflower 
,Ihas not benefited from modern science and technology in the 
Old World regions. However, safflower production in North 
America has now demonstrated that farm production may easily 
reach levels of 2800 kg per hectare with improved varieties 
and suitable cultural practices. Safflower appears to haye 
substantial undeveloped potential as a cash crop. 

Utilization 

Safflower is used for food and as a source of edible 
oil. Safflower is grown as a short-season crop in regions 
with short rainy seasons, using varieties capable of completing 
growth and maturation before soil moisture is exhausted. 
It is also planted following a major crop, to utilize rela- 
tively short periods when moisture supply may be adequate. 
The potential productivity of safflower on irrigated lands 
in the southwestern United States has been evaluated; and 
it appears to be at least equal to wheat and barley in net 
value of the crop per hectare. 

11 Edited by CA. Thomas. Research Plant Pathologist, Applied Plant Pathology 
Laboratory, Agricultural Research Service, U.S. aept. of Agriculture, 
Beltsville. Maryland 20705 and B.E. Caldwell, Staff Scientist foil Seeds). 
National Program Staff, Agricultural Research Service, P.S. Dept. of 
Agriculture, Beltsville, Maryland 20705 
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Safflower seed averages 40 to 55% hulls, with smaller 
hull Tercentages on seed produced with improved varieties 
under favorable moisture conditions. The oil may be extractel 
from whole seed, or from dehulled seed. Oil content ranges 
from 22 to 42%, The, meal derived from the naked kernels 
(dehulled seed) avera es 42% protein; and the cake produced 
by extraction of oil ? rom the unhulled seed averages 21% 
protein. 

The oil is a significant product of safflower; it is 
used for cooking, as a foodstuff, for making food dressings, 
and for lighting, It is processed to make margarine, and 
for nearly all other uses to which sunflower oil is put. 

The cake produced by pressing oil from unhulled seed 
is an excellent feedstuff for ruminant livestock and for 
horses, mules and asses; and the meal from naked seed is 
an excellent high-protein foodstuff for man. 

Safflower as a F'oodstuff 

Safflower seed may be roasted whole for eating out of 
hand, or the seed may be roasted after dehulling. The naked 
meats may be home-processed in many ways for direct consump- 
tion as food, and the oil content gives them a high caloric 
value. Roasted nut;s may be processed for oil, which yield 
meal having a total protein content of 42%. Safflower pro- 
tein is somewhat deficient in the essential amino acids - 
methionine and cystine. Safflower meal (and the whole naked 
meats) constitute a useful "extender" of.animal proteins 
(meat, milk, eggs, fish) wherever the animal proteins are 
in short supply. Safflower seed will supplement human diets 
that are high in cereal grains; and the oil meets dietary 
needs as well 8s being used for home lighting, 

Adaptation 

In general, safflower is best adapted to semiarid re- 
gions where it is grown in the short seasons when rainfall 
is likely to be adequate for crop production, and in irri- 
gated fields in such regions, Safflower suffers severely 
from diseases in humid regions. However, it grows well in 
regions of monsoon climates, as a crop planted at the waning+ 
of the rainy season, that makes its growth on stored soil 
moisture, and matures in the following dry period. The 
best yields are made when the weather is warm and low in 
humidity during the blooming period, but with adequate soi.1 
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moisture still present. 
growth period ranges 

Depending on the variety, the average 
from 3 to 5 months. 

The crop prefers soils of average to good fertility. 
However, 
important 

soil depth and soil water storage appear to be more 
than soil fertility in the climatic region where 

safflower is grown successfully. When moisture is not li- 
miting, safflower usually responds to fertilization, parti- 
cularly nitrogen and phosphorous. 

I Description 

Safflower is a member of the Compositeae family of 
plants, It is an annual.@ erect h~rbacenus plarrt that grows 
30 to 90 cm tall, depending on the variety, The stems are. 
pithy, branched toward the top. with flower heads at the 
end of each branch., The globular heads are thistle-like, 
1% to 4 cm in diameter, with white, yellow, orange or red 
florets. The leaves and the bracts below the flowers have 
short spines. The safflower seed resembles a small sunflower 
seed, and is smooth, G-angled, white or cream colored. 

The root system is a strongly developed tap root with 
:.-branches , that makes effective occupation of the soil pro- 
"'file to depths of about a meter on permeable deep soils, 
'that are moist to that depth. 

I Varieties 

There are many strains and varieties of safflower grown 
in the Mediterranean, Asian and African regions. The breeding 
of improved varieties in North America has been based on 
these Old World strains, but important improvements have 
been made. Improved varieties are now available with higher 
yielding ability and oil content, varying plant height and 
length of growing periods, and disease resistance. Field 
trials should be made of available improved varieties for 
each region where the crop is to be grown, to identify those 
that are best adapted to the conditions at hand. Safflower 
flowers are cross-pollinated by bees; and th@ purity of a 
strain or variety must be maintained by growing seed fields 
in isolation from o:@er varieties, and removal of off-type 
plants. I The occurrence of unusual plants in field plantings 
has been used as a means of finding promising strains that 
are worthy of seed multiplication and testing. However, 
a serious plant improvement program should begin with a field 
evaluation of all available types from other safflower growing 
regions, and the use of the superior types for a breeding 
program, Some spineless breeding lines are available. 
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Culture 

Safflower does not compete strongly with weeds, and 
the crop is usually planted in rows to facilitate weed con- 
trol. The seed bed should be mebtlow and firm, prepared so 
that planting may be made promptly when soil moisture is 
favorable. 

Fertilizers 

Where soil moisture is adequate, from rainfall or krri- 
gaticn, the use of fertilizers carrying nitrogen and phos- 
phoyous should substantially increase yields. The amounts 
of fertilizer must be determined by field trials; but initial 
trials may begin by cupplying 50 kg of nitrogen (N) and 50 
kg of phosphate (P2U5) per hectare. 

Since the phosphate may be inactivated if mixed through 
the soil mass, it is recommended that the fertilizer be place 
in bands below the seed, For hand plantin 
of fertilizer may be done by making a 

band placement 
shal f 

the fertilizer, 
r!~w furrow, spreadi 

covering with 3 to 5 cm of soil, dropping 
the steed thereon, and covering the seed with 2 to 3 cm of 
additional soil. In relatively dry climates, the nitrogen 
fertilizer will not be leached away, so that both nitrogen 
and phosphate fertilizers may be applied together in the 
band. There is not likely to be a shortage of potash in 
soils of subhumid and other iow-rainfall areas, 

With some soil types found in dry climates, there may 
be a deficiency in one or more of the essential "trace" ele- 
ments that are essential for plant growth. These elements 
are iron, manganese, copper, zinc, boron, and molybdenum, 
Research is needed to determine if any of these elements 
are deficient, on any of the soil groups of a region. How- 
ever, a simple field test may give an indication as to whethe 
the problem exists. It is suggested that animal manure be 
added in the furrow with band placement of fertilizer, since 
manure usually$carries a limited amount of trace'elements 
in a form available to plants. If the manure addition pro- 
duces stronger plant growth than fertilizer applied alone, 
there is a strong probability that the soil is deficient 
in one or more trace elements. 

Planting 

The crop may be seeded in rows 70 to 90 cm apart, at 
a seeding rate to produce at least one plant every 10 to 
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15 cm of row. This requires about 20 kg of seed per hectare. 
Plant populations should be adjusted to provide somewhat 
greater spacing for larger varieties, 

Weed Control 

Weeds should be removed before they become large enough 
to compete with safflower plants for moisture nutrients. 
(See sunflowers) . 

Pest Control -- 

Safflower usually is relatively free of diseases in 
dry climates, and the use of disease resistant types may 
provide all the protection needed. Insect pests may become 
a problem in some situations. Insect attacks should be halted 
promptly whenever they threaten to be serious, by application 

,_ of an 1 nsecticide known to be effective on the particular 
:Xnsect@ (S ee footnote on Crop Protection). 

f~Harvest 2 )$. 
$ $,$.\~ The crop is ready to harvest when the seeds are hard and 
EL dry. Usually the crop suffers little or not at all from 
$ lodging, from seed shattering, or bird damage* Thus, the 
&crop may be allowed to stand in the field until the grain 
:&is dry enough to store without danger of molding. Moksture 
*'content of the seed should be lower than 10% for safe storage. 
" Threshing is handled much as for barley or wheat, except 

that the spines make hand threshing quite troublesome. Spine- 
less types are being bred to eliminate this difficulty. 

Storage 

Safflower seed should have less than 10% moisture con- 
tent for safe storage; which is a level easily achieved in 
the drier climatic regions where the crop is best grown. 
Protection from storage insect damage requires positive ac- 
tion. All empty storage structures and containers should 
be treated with malathion or some equally effective insecticide 
to destroy insects that are usually present, before being 

Footnote: For further information on Crop Protection, 'see 
Chapter 4 in baok on "Tropical Agriculture'yi'by Wrigley, 
(Reference list following Chapter 40.) 
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filled with grain. The seed should be fumigated as it enters 
storage, to kill insects brought in from the field. Periodi 
inspections should be made during storage and the seed again 
fumigated whenever infestations occur. For more information 
on fumigation, see the section on storage insect control, 
in the Chapter on Maize, 

, 
C 
L 
I 
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CHAPTER 25 

CASTOR 11 
(Ricinus communis) 

Other Common Names: castorbean, castor bean, 
castors 

Castor is not a true bean; 
ceae family of plants, 

it belongs to the Euphorbia- 

the raw seed nor the oil 
It is not a food crop. Neither 
pressed from it is edible. The 

oil is edible after it has been detoxified by heat, Leo, 
castor oil is taken internally as a medicine, Castor is 
included in this Guide because it Is a useful cash crop in 
field rotations where the primary emphasis is on food crops. 

Geographic Distribution 

Castor is believed to be a native of East Africa, but 
the wild forms also occur in the Indian subcontinent. At 
the present time, 
follows: 

commercial production is distributed as 

Region 

Asia 

South America 

USSR 

Mainland China 

Africa 

North America 

Europe 

Area 
(hectares) 

473,000 

277,000 

200,000 

180,000 

96,000 

36,000 

25,000 

Major Countries 

India, Pakistan, Thailand 

Brazil, Paraguay, Ecuador 

Southern Subhumid regions 

Subhumid regions 

Ethiopia, Sudan 

USA, Mexico, Haiti 

Roumania : *.: 

The major cqsh markets for castor and castor oil are 
Western Europe, r&pan, and North America. Total. imports 
by countries in these regions amount to about $70 million 
(US) annually. Producers in the tropics and subtropics 
appear to be economically competitive with those of the 
temperate zones, even though the benefits of improved tech- 
nology have not been exploited in the tropics and subtropics. 

L’ R.E. Stafford, Research Leader , Agricultural Research Service, U.S. Dept. 
of Agriculture, in cooperation with Texas AW University, Agricultural 
Research and Extension Center. Vernon, Texas 76384 and B.E. Caldwell, Staff 
Scientist (Oil Seeds) National Program Staff, Agricultural Research Service, 
U.S. Dept. of Agriculture, Beltsville, Maryland 20705 



Utilization 

The castor crop is grown primarily for its oil content, 
A process has been developed by the U,S. castor industry 
in which the pomace or meal is detoxified and used as live- 
stock feed, Feeding trials have shown that castor meal 
compares favorably with other commonly used protein supple-= 
merits, The oil is a non-drying type that is readily modifiel 
by chemical treatment,, It has a constant viscosity at high 
temperatures and thus is useful as a lubricant for machinery 
under those conditions, Modified castor oil is used in pain 
a~.d varnishes tu increase fts quick drying properties. Ci3S.t~ 
oil and its derivatives also are used in hydraulic fluids, 
plastics, asphalt tile, certain explosives, electrical insu- 
lation, cosmetics, biodegradable detergents, nylon and other 
synthetic fibers, urethane, and as a purgative for man and 
animals. 

The practices of exporting whole castor from producing 
countries should be replaced by extraction of the castor 
oil, in the regions where the crop is grown and the cake that 
is residual from extraction of oil from the seed is used 
as an organic fertilizer. The oil is more economically tran 
ported than the seed, and the cake yields very little cash 
return. However, the cake (castor pomace) is an important 
agent for conditioning fertilizers, and it is also a useful 
source of "trace" elements in regions where there is a de- 
ficiency of these in the soils. Granulated castor pomace 
may be used directly as a fertilizer, or mixed with commer- 
cial fertilizers. 

Castor pomace avera es ,5.4% n%trogen, 1.8% phosphate 
V2O5L 1.0% potash (K2O !f , and 0,759, lime oxides (CaO + MgO) 
The nitrogen is present in a slowly available organic form 
that is particularly useful in tropical soils. The phosphat 
appears to be substantially higher in effectiveness as a 
fektilizer than the same amount of phosphorus in chemical 
fertilizers. 

Arr qpzoximate value may be placed on castor pornace, 
by calculati.on from the market prices of whole seed and of 
the oil, With an average oil content ofS5%, and with the 
seed priced at $160 per metric ton and,the oil priced at 
$290 per metric ton, the pomace should have a value of $40 
per metric ton. Very I..i.ttIe net return is now received for 
the pomace when growers ship whole seed. The true value ' 
for castor Dcmace should be determined by the field perfor- 
mance of th& &mace as 8 fertilizer for crops, in comparison 
with results obtained from chemical fertilizers alone or 
when processed for use as a livestock feed. 
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Castor grows over a wide range of climatic conditions, 
but it prefers drier climates, In humid regions, the plants 
are affected by molds that destroy the flower clusters and 
thus reduce yields. 
is planted toward 

In monsoon wet-dity climates, the crop 
the end of the rainy season, and produces 

a crop largely on moisture stored i.-n the soil. In general, 
castor produces well in subhumid to moderately humid regions, 
and under irrigation fn arid regions, 

Castor prefers a well-drained soil, preferably loam 
in texture, but grows well on many other deep soils. It 
responds reasonably well to improved soil fertility but is 
less dependent on fertilizers than many other crops. Yields 
are more dependent on soil moisture content than on other 
soil properties. 
soils. 

It is tolerant of mildly saline or alkali. 

Description -. 

Castor is actually a short-lived perennial in the tro- 
: pits and subtropics; but in most commercial production it 

is handled as an annual crop. Specific varieties grow 2 
'to 4 meters tall, but the sP:orter dwarf-internode types are 

_preferred because of the greater ease in harvesting. The 
leaves are large, ! 10 to 30 cm wide, and may vary in color 
:' in different varieties from green to purplish or reddish. 
J The greenish-yellow flowers have no petals, and are borne 

in clusters (a raceme). Blooming is indeterminate, and new 
clusters and ripe seed occur on the same plant. Varieties 
have been developed in which blooming is concentrated in 
a short period, so that ripe seed can all be harvested in 
a single or few pickings. Pistillate flowers (seed forming) 
are borne in the upper part of each raceme, and staminate 
flowers (producing pollen) in the lower part. 

The plant is largely cross-pollinated, but natural 
selection has produced different types in the various regions 
where the crop is grown. The seeds are borne in capsules 
of 1 to 3 seeds each, and the capsules may be spiny or smooth. 
Wild forms of castor forcibiy eject the seeds at.maturity, 
but most cultivated types retain the seed for an extended 
period, and shattering losses are small.,, The obovoid shaped 
seed somewhat resembles a bean, and may'be mottled, striped, 
or a solid color. 

The castor plant has a strongly branched tap root, that 
deeply penetrates the soil. The extensive root system is 
partly responsible for i*,;l, plants tolerance of drought. 
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Varieties 

tries 
Improved varieties have been developed in several coun 

to increase seed yields and to establish uniform plan 
characteristics that facilitate production and harvest such 
as short plant height and the non-shattering habit, Commer 
cial varieties with these traits have been produced in the 
United States. it is probable that much additional improve 
ment could be made in the productivity of the crop in all 
tropical and subtropical regions, by field evaluation of 
the wide.range of improved varfetie's already available 
choosing those best suited to local conditions. Furthe; 

and 

provement could be made by identifying desired traits in 
im- 

plants found in local fields of the xop, and by using thes 
in a ,well planned breeding program. 
diseases and insect pests, 

Resistance to importan 

are heritable traits, 
as well as in yielding ability, 

and these characteristics may be stre 
ened by appropriate breeding methods, 

At one time it was believed that smooth capsules might 
have an advantage, especially in harvesting, but this was 
later discounted when modern mechanical harvesters were de- 
veloped. At the present time, there are no commercial U.S. 
varieties being grown which have smooth capsules, nor any 
breeding work in this direction. However, breeding lines 
with smooth capsule characteristics are available to brerade 
interested in incorporating this characteristic into their 
improved varieties, 

Great differences are reported in average yields of 
castor in various countries, 
per hectare. 

ran ing 
There are several f 

from 260 to 1250 kg 

differences, 
actors responsible for sue 

such as natural adaptation to climate and soil 
use of improved varieties, and application of modern techno 
logy (fertilizers, pest control, etc.) and all of these are 
partially or wholly under the control of man. Yields of 
2500 kg per hectare appear to be feasible, and would great1 
enhance net cash returns per hectare, Varietal improvement 

$must be accompanied by effective cultural practices to achi 
such returns, 

"Culture 

Fertilization 

lity, 
Although castor tolerates soils of relatively low ferti 

the use of fertilizers is recommended to increase yiel 
and make the best use of rainfall, Field experfments to 
measure responses of castor to fertilizers, are generally 
absent; but the responses of other crops (maize, sorghum, 
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millet) may be used as an index. Responses should be expected 
from effective use of nitrogen and phosphates on most soils 
in regions where castor may be grown as a crop. 

The placement of fertilizer in bands below the seed 
is recommended to fnsure that the young plant gains access 
to the fertilizer promptly, and to minimize the inactivation 
of the phosphate by soil contact, which is an important un- 
desirable trait of many tropical soils, Mixing fertilizer 
with the soil mass is far less useful than band placement., 
A practical method is to open a furrow, place the fertilizer 
in a band in the bottom, cover with 5 to 8 cm of soil, place 
the seed thereon, and cover the seed with about 5 cm of soil. 
If field trials have not been made iocaily to determine an 
effective amount of fertilizer to use, it is suggested that 
the equfralent of 100 kg of nitrogen, and 50 kg of phosphate 
("205) be applLed per hectare. In humid regions, potash 
(K20) may be added at 25 kg per hectare. 

It should be noted that ordinary superphosphate contains 
enough calcium, magnesium and sulfur to meet the crop needs 
when this fertilizer is used. However, concentrated super- 
phosphate carries little or no sulfur, and this element must 
be provided separately if they are deficient in the soil. 

1: On strongly weathered soils of the tropics and subtropics, 
I evidence is being found of serious deficiencies in "trace" 
i; 

~‘ 
elements needed in small amounts by crops. Correction of 
any such deficiencies is required to permit responses to 
the traditional mineral fertilizers. One or more of the 
following elements may be deficient: manganese, iron, copper, 
zinc, boron, and molybdenum. Until the necessary research 
has been done on major soil groups to determine specific 
deficiencies in trace elements, it may be practical to make 
applications of animal manures which usually contain small 
amounts of trace elements in readily available form. It 
is 'suggested that dung be spread with the fertilizer in fur- 
rows, as described above. An alternate method w0uJ.d be to 
place dung in the bottom of a furrow during plowing, under 
the intended location of the crop row. 

Seed Bed Preparation 

The seed bed should be mellow and friable; all living 
weeds killed, and trash removed or plowed under. The fielda 
should be managed to conserve rainfall, by reducing runoff 
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and storing rain in the soil profile.* 

Pest Cmtrol 
. 

Little has been done cm disease control on castor since 
diseases have not been serious in drier climates with low 
air humidity; A mold disease often destroys flower clusters 
in humid regions. 

The insect probllems may become important locally. The 
specific insect should be identified, and a suitable general 
purpose insecticide applied promptly to hop the damage and 
prevent a bui',d-up in numbers. 

Harvest 

Harvest should begin as soon as seed in the capsules 
is dry, and continued as additional seed clusters ripen, 
A satisfactory harvesting method is to hand strip all of 
the capsules from each fully ripe seed cluster, and collect 
these in a cotton picking bag. Strong gloves are recommended 
to protect the pickers hands, since penetration of spines 
into the skin will cause prolonged inflammation. 

The capsules should be dried further, in shallow piles 
exposed to ?he sun, until moisture content of the seed falls 
below 10%. When dry, the seed is threshed by hand flailing, 
or by special hulling machines. The chaff should be removed 
by winnowing. Ffeld machines are now available for combined 
harvest and threshing as a single operation. 

Stored Grain Insect Control 

If the seed is not processed promptly for oil extractior 
precautions should be taken to prevent rapid insect damage 
in storage. For details on such protection, see the section 
on stored grain insect control in the chapter on Maize. 

*For further information see Technical Series Paper, No. 4, 
ovfng Farm Production in Tropical & Subtropical Re ions 

imited Ramtall" Y b 1m Offi 
reau kor Technical A&ance. Akency 

---%E= f Agriculture, 
i:r'Tnternational 

Development, Washington, DC - - 



CHAPTER 26 

BANANAS I/ 
(Dessert Bananas and Plantains) 

(m*a *pp a) 

The term "banana" encompasses a wide range of seedless 
varieties plus many wild seeded species. The former are 
generally propagated vegetatively by suckers, while the lat- 
ter are propagated both vegetatively and by seed. All seed- 
less varieties, 
as fresh fruit, 

except the plantains, when ripe,, can be eaten 
ilnd when green they can be utilized for 

cooking. The main distinction between a dessert banana and 
a cooking banana is the type and amount of starch granules 
in the particular variety. For example, the dessert variety, 
Gros Michel, has small starch grains, and when ripe, has 
a low percentage of starch; the French Plantain, on the other 
hand, has large starch granules, and when ripe, contains 
a high percentage of starch. 

There are approx%mately thirty species ind subspecies 
of bananas, and many hundreds of varieties have been identi- 
fied to date. Differences in the characteristics of edible 
banana varieties are due to their evolutionary origin, Only 
two Musa species form the progenitors of the present range 
of eZIXe varieties. Musa acuminata and its subspecies 
provided factors for sterility, pulp development without 
fertilization (parthenocarpy), a sweet sugary taste, and 
susceptibility to drought and low temperatures. Musa balbi- 
siarLa provided large starch grains, general starchiness, 
drought and chill resistance, and in general, a greater re- 
sistance to diseases. Due to a meiotic (sexual division) ;: 
freakishness of these two species, the natural hybrids th@ 
developed were either triploids (having three sets of chromo- 
somes) or pentaploids (having five sets of chromosomes). 
The latter had too cumbersome a chromosomal complement to 
survive in nature. Hence, the majority of edible varieties, 
whether a direct descendent of M. acuminata or the result 
of a natural cross between a subspecies ok M. acuminata and 
M_. balbisiana, are triploids. Th:,‘t is, they have three sets 
of chromosome numbers, which in the case of bananas, is three 
sets of eleven chromosomes each. The evolutionary distinction 
between a dessert banana and a plantain is that in a banana, 
all three sets of eleven chromosomes.originated from M. acumi- 
nata while in the case of the plantains, two sets of &romosomes 
E from the M. acuminata parent and the third set came from 
the M,. balbisizna parent. In botanical terms, the dessert a "@ 

If Edited by N.G. V&ill. Plant Pathologist. Agricultural Research 
Service, U.S. Department of Agriculture. Federal Experiment 
Station. Mayaguez. Puerto Rico 00708 3, 
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banana is considered a natural inbred variety, whi,le the 
plantain is a natural hybrid variety, 

large 
The tropical mainland of Southeast Asia and the many 

islands of the area form the main geographic center 
of the origin of edible bananas, For example, the ori 

R inal 
name of the famous Gros Michel banana of commerce is 
Ambon", or "banana of Ambon", 

Pisang 
which is one of the islands 

of Indonesia. Also, the Fusarium wilt-resistant and high 
yielding banana which now covers thousands of acres in trop- 
ical America, the variety, Valery, is "Choui ya cui", which 
had its origin in the lowlands of southern Vietnam in the 
Mekong Delta, The hybrids came from further west, most like- 
ly centered around Burma and Bangladesh. This is because 
M. balbisiana originated in the Indian subcontinent, and 
The area where the two species intermilxgled was the center 
of the hybrid types0 

Banana plants vary in size. In the Cavendish group 
(dessert bananas similar to each ether except in height), 
the Extra Dwarf Cavendish grows like a giant leaf lettuce 
on the ground; Giant Cavendish has a height of about two 
peters, and the trunk of the Giant Lacatan reaches a height 
of four meters, Among wild species, the differences are 
much greater, For example, M. rosea, a flowering banana, 
has a total height of only one meter and a trunk diameter 
of 5 to 8 cm, -while M, ingens reaches a height of 10 meters 
and has a trunk diamzter ot 30 to 80 cm. 

Food Value and Uses 

The edible portion of the banana is about 75% water, 
1.2% protein, 0.2% fat, 23% carbohydrate and 0.8% ash. It 
is also relatively well supplied with calcium, phosphorus 
and iron, and with the principal vitamins. It is essentially 
an energy food, and should be supplemented with other food- 
stuffs that provide protein and fats to provide a balance2 
human diet. The carbohydrates present in ripe sweet bananas 
are highly di 
by people suf f 

estible, and are reported to be well tolerated 
ering from various intestinal disorders. 

In various samples of commercially harvested bananas, 
the green harvested banana has less than 2% sugars and about 
20% starch; but the starch is gradually converted to sugars 
during the ripening process so that the fully ripe banana 
has about 19% sugars, and less than 2% starch. 

In the tropics a banana plant serves many purposes, 
The trunk is often chopped upfiand fed to pigs, or in a tree 
nursery the trunk sheaths are doubled over and used asplant- 



ing containers. 
used as ropes. 

The xylem strands are twisted togethl 
A banana leaf can be cut up and made : 

small pots for transplanting garden seedlings, serve i 
wrapping inside of which food is cooked, and can even 
used as an umbrella in case of a sudden rain. The grc 
fruit can be fermented into vinegar and the ripe fruif 
rum. The starchy pulp of the green fruit can be driec 
made into flour or the ripe fruit can be mashed into 1 
food puree, or cut into chips and dried as figs. The] 
dozens of different ways that bananas and plantains aI 
cooked, chipped and fried. The male bv.d of a number ( 
varieties is used as cabbage, 
his development, 

Man, at whatever stage 
makes good use of bananas. In New GI 

the aboriginal nomads eat the sweet pulp of the wild 5 
and use the seeds as beads. In Central America, 12,0( 
blocks of a single variety are cultivated under the mc 
modern and mechanized form of management and the prod1 
graded for strict quality-controlied markets. 

Cultivation of Bananas 

Essentially the same cultural practices are requi 
for both bananas and plantains. In the recommendatior 
follow, the differences between the two types are indi 
as deemed appropriate. 

Climatic and Soil Considerations 

'q some regions. to the groun 
- Mild freezes may kill the top growt 

but the rhizome if not 
will se:d additional sho;ts up again, This occurs son 
in the highlands of the tropics and subtropics. Under 
conditions, to product fruit within the frost free per 
the planting rhizomes must receive special treatment. 
of the eyes are removed except one so that most of the 
from the entire underground parts go to this one shoot 
develops a larger stalk and ripens earlier than it ot1 
would. Such practice should be used only under specis 
ditions and then it may not be eco: ical. 

The average optimum daily temperature for the gre 
of bananas is about 27oC, the average minimum, 21°C, 2 
the average tirciX;irllLZm, 29.5*C, The abBolute minimum ant 
mum temperatures are 15.6'C and 37.8 C, respectively. 
sure to temperatures below and above these absolute te 
tures slows down growth and damages the fruit. 

Moisture - The optimum amount of moisture requirr 
uniform groweh is about 1320 mm of rain per year, or s 
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better, a uniform distribution of 2.5 cm per week, However, 
seldom, if ever, does such uniform precipitation occur in 
any tropical region. In some regions, most of the precipita- 
tion will occur between the months of May to November:, with 
December and April receiving the minimum requirements of 
approximately 1.3 cm per week. The months of Jan:lar;r, 
February, and March may be dry, and the banana plants would 
not receive enough moisture. For uniform growth, and hence, 
a good yield, b anana plantations should be irrigated during 
these months, If, however, irrigation requirements approach 
five months cut of the year, the cost of maintaining uniform 
growth becomes excessive, and indicates the need of either 
a change in variety or a change in crop. 

Wind - Banana leaves are large, soft, and easily torn 
by strong winds which seriously reduce productivity. If 
natural wind-protected areas do not exist, it is highly im- 
portant to provide windbreaks for the plantings. The large 
growing bamboos make excellent windbreaks, while Leucaena 

fh!EzI- 
lauca can be effectively used around small gardens. Th 

location is a protected valley as can be noted byeob- 
s ervl,., l no growth of local vegetation and the amount of leaf 
damage in the area. 

The majority of banana varieties can tolerate winds 
of up to 40 kilometers per hour. Winds between 40 to 55 
kilometers per hour cause a moderate amount of damage, but 
winds above 55 kilometers per hour are disasterous and cause 
“blow-downs", in which a large portion of a plantation can 
be ruined. 

Soil - Bananas require exacting soil texture, moisture 
and aeration, even though one sees bananas growing on beach 
sand or heavy clay soil. There is no use to attempt to grow 
bananas on a profitable coraercial basis in soils which lack 
fertility or are deficient in physical structure. Since 
bananas are extremely shallow rooted, a deep alluvial soil 
is necessary. The type of soil best suited for banana culti- 
vation consists of a sandy to silty-clay loam texture. Good 
drainage is as necessary as a uniform source of moisture. 

The root system of the banana plant forms a semispherical 
zone centering around the rhizome (the underground stem). 
The radius of this semisphere and its depth depends on the 
bf;;y;a variety, the type of soil, and the drainage in the . For example, the root radius of Dwarf Cavendish may 
reach'2.7 to 3.1 meters while that of a Lacatan may reach 
4.3 to 5.5 meters. How&er, if the soil is heavy clay, the 
radius of these root systems will greatly diminish. Also, 
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if the water level remains 60 cm below the surface, the roots 
will not extend downward more than this depth, even though 
the soil may be sandy-loam. 

Geographic Areas - The optimum areas in the world for 
banana cultivation are located in a belt of land straddling 
15 degrees north and south of the equator. From 15 to 23 
degrees north or south, bananas occasionally may suffer chills 
whi h not only damage the hanging fruit, but also slow down 
the uniform growth of the plants, which causes an increase 
in the interval between harvests. Between 23 and 30 degrees 
::orth or south, bananas become a seasonal crop, with three 
to five harvests during the warm months and none during the 
cold months. 

Cold and Drou ht Tolerance 
-FF---- 

- Since elevation in tropical 
regions greatly a ects temperatures, bananas bein sensitive 
to chill should not be grown over elevations of 1, 8 00 meters 

i as a general rule. Then only the subtropical Dwarf Cavendish, 
: 
j, 

sometimes called Chinese Dwarf. Many of the plantains known 

& 
largely by their local names such as French Plantain, and 
Horn Plantain have much greater tolerance to both drought '(a>( i p and chill and all plantains have considerable tolerance to 

1,:. drought, In the mountains of South East Asia, such varieties 
/$ as Lady Finger and Morang Datu are sometimes cultivated up 
@to 3,000 meters elevation. In general, it is wise to use 
it; only the dessert bananas of the short stature varieties at 
;' the higher elevations. All sizes of dessert bananas can 

grow easily between the equator and 15QN and S., but between 
15 to 23*N and S., it is better to choose varieties with 
intermediate stature, such as Giant Cavendish, Bout Rond, 
Vimama, etc. Beyond 23QN. and S., it is best to cultivate 
Dwarf Cavendish. . 

The only known exception to the above is the giant wild 
species M. ingens which is encountered at elevations of 1,500 
to about-2,440 meters on Mount Cyclope in northern New Guinea. 
The seedlings of this species fail to grow under hot tropical 
lowland conditions, 

I Planting Methods 

The edible banana varieties do not produce seeds. The 
dark, small specks in the central portion of the banana fruit 
are the aborted ovaries which, even when pollinated, fail 
to develop into seeds, Hence, bananas are propagated vegeta- 
tively by means of transplanting rhizomes, or seed-pieces 
or "sword suckers" 50 to 60 cm tall which bear only long 
narrow leaves. 
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Size of Suckers 31: Seed Pieces .- It is important to 
select unrformseed pieces. 
is known as a 'maiden head' 

The best size for transplanting 
sucker which is from 1 to 14 

meters tall and from a plant which has not yet borne fruit, 
and the seed piece weighs 2 to 2,5 kilograms. If a farmer 
plants a field of 2.5 kg maiden heads, he can expect first 
fruiting of a crop in about eight months after planting date. 
If "sword" suckers, 
grams in weight, 

those with vary narrow leaves, 0.5 kilo- 
or corm pieces (underground part supporting 

old trunk which has fruited) containing one eye are planted, 
a much longer time is needed to produce marketable fruit. 
If seed-pieces o f different sizes are planted, the planning 
for uniform cropping becomes disrupted. 

Preparation of Seed pieces for Transrlantin 
d ,h%? a seed-piece is dug up, all soil, roots an 

be completely removed,, If purplish or reddish nematode le- 
sions are detected on the roots, these should be pared off 
along with any dark and reddish tissue, until the seed piece 
is clean and white leaving a few buds. Damage from nematodes 
may be reduced by dipping the planting material in a nemato- 
tide, The "cabbage" or top growth should be cut back to 
about 10 cm from the growing tip of the rhizome. The common 
practice among small farmers is to retain the trunk of the 
transplant, 
a marker. 

although it serves no useful purpose except as 
There are no roots to furnish nutrition or water 

for the trunk. 
slowly, 

The trunk shrinks and the new leaf grows 
Also, the weight of the trunk makes shipment and 

transportation difficult and expensive, 

The Planting Hole - The transplanting hole should be 
large (/!I cm square) and about 15 to 20 cm deeper than the 
height of the rhizome with its cabbage. Place about 10 grams 
of complete formulation of an N-P-K (nitrogen-phosphorus- 
potassium) fertilizer, plus a few grams of a granular nema- 
tocide in the bottom of the hole. It is also desirable, 
particularly on less fertile soil to cover seed with a heavy 
application of compost and soil, A good thick layer of mulch 
greatly enhances recovery and continued growth of the seed 
piece, The soil around the seed piece should be well com- 
pressed and irrigated, The best time for planting rainfed 
bananas is the beginning of the rains, although with a con- 
tinuous supply of ground water any time of the year would 
be satisfactory. 

Planting Distance 

The planting distance between hills depends primarily 
on the size or the height of the variety cultivated. Also, 
the type of soil, the amount of fertilizers applied, and 
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distance 
for a given variety, The variety Dwarf Cavendish 1 to 1.25 
meters tall) can be planted in rows at a distance Df one 
meter within the rows and two meters between the rows. The 
variety Giant Cavendish (2 to 2.25 meters tailj can be planted 
in 2.5 x 2.5 meter squares, while the variety Lacatan (about 
4 meters tall) should be planted in 3.5 x 3.5 meter squares, 
The deeper the soil, 
for a variety, 

the closer can be the planting distance 
3s long as excessive shading does not occur, 

Fertilization 
Bananas need fertile conditions and abundance of soil 

moisture for best growth and pxcduction. The type of develop- 
ment the plant makes in the first 3 or 4 months determine 
the weight of the bunch and number of hands. 

The N-P-K formulation to be used depends on the type 
of soil. Since commercial plantations are usually located 
on excellent alluvial soils, usually very little P or K are 
required. The main nutrient requirement is nitrogen, which 
is generally applied in the form of urea,, 

i I* The amount of fertilizer used depends on the number ;i [kf 
i; 

of mats per hectare; about 600 kilograms of nitrogen per 
hectare per year is an appropriate estimate for a deep alluvial j, $'h' soil. If there are 1,000 mats per hectare, then each mat : g ia receives 600 grams of n,itrogen per year, ,, j'.<.' ;;;; I ( ~ & ": Fertilizer should be applied in a circular band around -9. the mat. After planting a seed-piece and up to three months 
after emergence, the band should have a radius of 50 cm. 
The radius should be enlarged as the plant matures. The 
radius of the fertilizer placement around mature mats should 
be between 1 to 1,5 meters. 

On the average, a plantation should be fertilized about 
every sixth week. During the rainy season, this interval 
could be reduced to five or evr!n four weeks, and during the 
dry season might be increased to seven or eight weeks. If 
fertilizer is applied on the six-week cycle, then each mat 
will receive about nine- 'IO-gram applications of nitrogen 
per year. 

Growth Pattern 

After a rhizome i 
the plant in the soil, 
nodes on the rhizome, 
The leaves consist of 

,s planted, roots grow out, anchoring 
Leaves benin to grow from the centr 

and finally-emerge-from the soil. 
leaf sheaths which form the trunk of 

#al 
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the banana plant, and the leaf blades which are connected 
to the sheath by the leaf stem or petiole. 

.I 
Depending on the variety, a banana plant develops be- 

tween 30 to 60 leaves before fruiting. Some of these leaves 
have already developed on the sucker before it is cut off 
to become a new plant, Xf a variety 
shooting (emergence of the fruit bunt K 

reduces 45 leaves before 
), and the maiden head 

suckers were cut at the 15th leaf stage, then the new trans- 
plants would produce the additional 30 leaves before shooting. 

The banana fruit forms on the upper nodes of the *-ue 
stem, w'hich pushes up the length of the trunk until it Anerge 
at the top. At this stage, a plant has "shot" its t.rcb:. 
The individual banana fruit is called a 'finger", and :he 
two rows of fingers, located at each node on the stem, are 
called 3 "hand". The whole stem, with its many hands, is 
referred to as a "bunch". 

A "button" is located in the middle of each rhizome 
node, and is covered by the leaf sheath., When the leaf dies, 
and the leaf sheath rots away, the "button" grows out of 
the side of the rhizome, pushes through the soil, and emerges 
as a sucker, Each sucker can develop into a plant, which 
will fruit only once, and then dies. 

Pruning 

Pruning is the process of cutting suckers, or followers, 
at ground level, where they emerge from the mother plant. 
The main reason for pruning is to arrange for the uniform 
harvest of a plantation throughout the year. As indicated 
before, when a field is planted to bananas, the plantilla 
crop (from new transplants) yields all at the same time. 
This fruit musr: be sold or discarded, according to market 
fluctuations. If one follower (sucker) was allowed to grow 
on each pantilla mat, then about three months later there 
would again be another crop ready for the first ratoon, or 
sucker harvest. This would result in flooding the market 
at one time and not having a crop ready for shipment when 
market demands are high. To prevent this, a pruning method 
was developed that is based on uniform productivity per area 
per year. After the plantilla crop, the suckers which have 
appeared on the mother plant are pruned from all but the 
number of plants which are slated for harvest. In this way, 
there is a constant year-round pruning and harvesting. For 
example, consider a hectare of land with 1,000 banana mats, 
if the variety planted produces 1.5 bunches per mat per year, 
the total yield would be 1,50Q bunches per year. If it is 
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decided that the harvesting interval should be every 10 days, 
there wotiid be 36 harvests, or cuttings, during the year,, 
At each of these 36 harvests, approximately 42 bunches would 
be cut, and the farmer would not have an over-supply at any 
time during the year. 

Another reason for pruning ia to prevent "walkin " 
the mats (spreading of the mat wider and wider) and t k 

of 
e for- 

mation of hoies and crowded areas in the field, Furthermore, 
young suckers take away nutrients from the mother plant which 
is setting fruit, In the above example' the pruner allows 
40 to 42 suckers of the same agz to develop in scattered lo- 
cations in the hectare. Pruning is done usually at 10 to 14 
day intervals. A practiced pruner maintains the mat within 
a one-meter square of its original planting and retains uni- 
form shading and cultivation in the field, 

* , 
Prevention of Doubling or Falling Over ,, 

There are two main reasons for the fall,ing over of ba- 
Inana plants during low velocity winds. These are: (1) high 
,water table, and (2) root and rhizome injury. In poorly 
?,drained soils, rhizomes grow out of the soil and only lateral 
~~+'hallow roots support the plant. <. " At times, even without the 
i,slight pressure of a low velocity wind, the plant falls over. 
~Nematodes, such as Radopholus similis and Prat lenchus coffeae 
$iZZat times completely destroy t%e root system. come keep: 
:',growing out of the soil and sending roots down into the soil. 
::A light wind usually topples these nematode-infested plants. 

The banana root borer (Cosmo olites 
d 

sortlidus) can tunnel 
through the rhizome. arge num=Tthese borers in- 
fest a plantation, 
of the plants. 

their damage to the rhizomes causes toppling 

The doubling of the stems occurs during moderate winds 
of 15 to 30 kilometers per hour. To prevent this loss, plants 
are either propped or made steady with guys. In propping, 
two bamboo poles support the leaning stem, while in guying, 
the neck of one plant is tied by a rope to the base of the 
other. Guying is the most effective method of supporting 
banana plants. 

Generally the shorter a variety and the thicker its. 
trunk, the greater is its resistance to doubling by winds. 
Also, the cooking varieties, due to the greater tensile 
strength of the parental M_. palbisiana, are more resistant 
to doubling than the dessert varieties. 
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Time to Harvest 

Banana varieties vary greatly in their rate of growth. 
Generally, the diploid varieties grow much faster than tri- 
ploid varieties. Far example, 
Lady Finger (a di 

within a year a mat of the 
-+pioidj variety may produce 25: bqunches com- 

pared to 1% bunches cf the triploid variety Giant Cavendish. 
Also, the shorter a variety, the faster is the rate of its 
gvnwth - * . . 0-m. A Dwarf Cavendish produces two bunches per mat per 
year while a Lacatan produces only one,, Also, the inbred 
dessert varieties originating from M. acuminata have a faster 
rate of growth than the hybrids from M. acuminata and M. 
balbisiana. For exam le, 
to produce a bunch, 

it takes a racatan eleven mo;iths 
w ile 1R 

for French Plantain. 
it may require 13 to 14 months 

In the plantilla crop, the size of 
the seed-piece determines the earliness of the harvest as 
indicated previously, 

The duration between the emergence of a bunch (shooting) 
and its harvest is an important factor in the marketability 
of the product, This duration depends on the variety and 
seasonal temperatures. After the bunch emerges, folds down, 
and all hands are exposed, it requires 60 to 70 days before 
the fruit is ready for harvest, For local markets, the bunch 
should be harvested as soon as the fruits are full or round. 
For more distant markets, 

' when more angular. 
they should be harvested earlier 

The bunches are cut and sold whole, or 
the hands are separated, graded and packed before sale. 

Bagging of Fruit 

The main reason the fruit is bagged before harvest is 
to grow an attractive fruit. Bagging prevents peel scratches 
by birds and bats, sun scalding, fungal infections which 
result in speckles and blotches on the fruit, and infestation 
by insects. In the latitudes which have cool winter nights, 
bagging prevents chilling of the fruit, 

A fruit bag consists of a polyethylene tube lined with 
a layer of brown heavy crepe paper. 
rated at intervals with 10 mm holes. 

The plastic is perfo- 
This is done to prevent 

excessive "sweating" in the bag,, 

A bunch is bagged as soon as it bends at its neck. 
The upper part of the bag is tied to the neck of the bunch. 
The lower end of the bag is left open. 
when the bunches are harvested, 

Bags are removed 
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I Weed Control 

Weed control is necessary before a plantation is esta- 
lished. An old plantation usually shades out the weeds, 
eed control is also required on the borders of plantations, 

around the irrigation canals and drainage ditches, and plan- 
tation roadways. Application of recommended herbicides is 
the most efficient method of controlling weeds. If the land 
is properly prepared before planting, if the correct spacing 

s ado;lted, and if mulching is practiced, weed control should 
require little effort. Cultivation, if required, should 
always be shallow in order to minimike damage to the roots, 

Insect Control 

Bananas are attacked by a wide range of insect pests 
hich include root borers, red rust thrips, weevil, scales, 

Chalcid wasps, peel-feeding caterpillars and many 
ther insects as well as nematodes. '1Cn order to control 

lete program of pesticide application is 
plantations , pesticides are applied by 

ed airplanes., Any relaxation of digilence against 
ests may result in a substandard product. 

Disease Control 

Plantains and a number of dessert varieties such as 
he Cavendish group are resistant to Fusarium wilt 

Cultivation of these varieties reduces 
reoccupation with remedies for this important disease. 
rom a worldwide point of view, Sigatoka leaf spot is the 
ost important and the costliest disease of bananas. In 
he American tropics, bacterial wilt or Moko disease is one 
f the most important diseases, while in the Pacific region, 

Bunchy Top disease may cause extensive damage. A number 
of fruit-blemishing diseases cause reduction in fruit quality. 

Profit in Banana Production 

T+mllghout the tropical world, if growing conditions L LVU 
are right, bananas are a good cash crop. Yith the rapid 
rate of population growth in the tropics, there is a greater 
demand for local consumption of this couunodity. 

For example; a small farmer in Vietnam with one hectare 
of land near a city, can grow about 1,000 mats of bananas, 
which will yield approximately 800 bunches, selling for be- 
tween $5.00 to $10.00 each, yielding a gross annual return 
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of $5,000. Sixnilarly, a farmer in Puerto Rico with one cuer 
(approximately 1 hectare) of land may grow about 1,700 mats 
of plantains, and since he allows two or three plants per 
mat, he harvests at least 2,000 bunches and sells them at 
$2.50 per bunch, 
$5,000. 

For an U-month period, his earnings are 
An intermediate commercial plantation may consist 

of 500 hectares. 
mats per hectare. 

If planted to Valery, it may contain 1,2OC 
If each mat roducee 60 kilo rams of frui 

per year, the total yield will !e 36 000 000 kifograms of 
fruit per year. Assuming the banana; to*be worth 10 cents 
per kilogram at the plantation's boxing station, the annual 
gross earnings would be $3,600,000. 

As the above examples indicate, banhna cultivation can 
be a remunerative agricultural business. Of course, antici- 
pation of market demands plays an important part in the who1 
endeavor. In large-scale commercial plantations, not only 
a great deal of technical know-how and sophisticated agri- 
cultural machinery are needed, but also, packaging, shipping 
ripening, and distribution have to be considered, 
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CHAPTER 27 

TAR0 AND YAUTIA: h' 
(Members of Araceae Family'of Plants) 

I 
. TAR0 - Colocasia esculenta (sometimes called C, antiquorum.) 

Other Common Names: dasheen, malanga, tania,-tanier, 
elephant-ear, tanyah, coca-yam, 
talla, gabi 

I 
. YAUTIA - Xanthosoma sagittifolium, 

brasllianee, X.' atrovirens 
5. violascens, & 

Other Common Names:- bclembe, calalu, eddoe, habarala, 
malanga, tanier, tannia, coca-yam 
of West Africa 

These two crop plants are quite distinct botanically, 
t they are quite similar in general appearance, and in 

heir culture and use. Both are herbaceous perennial tuber 
rops with large handsome leaves (elephant eared}, and are 
idely cultivated for food in virtually all tropical regions. 

A convenient identifying characteristic is the manner 
n.which the petiole (leaf stem) is joined to the leaf blade. 
$I yautia, the petiole is attached to the very edge of the 
'@af at the junction of the two basal lobes of the leaf. 

:>e petiole is attached within the leaf outline 
on the underside of the blade). 

I.n both plants, the edible portion is the starchy tuber 
a corm), but in yautia only the laterally borne corms (cor- 

els) are edLblz; x%il., in taro, both the central corm (fleshy 
derground stem) and the cormels are used for food. Also, 
e leaves and stems of some varieties of both'taro and yautia 

re used for food. Taro leaves are sometimes used in stews. 
he mature central corms of taro vary in weight from about 
50 to 3000 grams or more, depending on the variety. At 

the cormels of both yautia arid taro vary from 
5 to 450 grams or more. The corms of all types (both species) 
sually are 2 to 4 times longer than wide, and about as big 
s a medium sized potato. They can be cooked like the p.otato, 
oiled, baked or fried, or used in soups. 

Some kinds of taro and yautia are grown for the tender 
eaves and shoots that are cooked and eaten like greens. 
ome varieties of taro do not have strongly acrid leaves 11 
I 

Edited by Donald L. Plucknett, Chief Soil and Water Section, 
Office of Agriculture, Technic&f. Assistance Bureau, Agency for 
International Development, Washington, D.C. 20523 
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and tubers, 
acridity. 

but all others must be cooked to destroy the 
The acridity is due to the presence of needle-like 

crystals (raphides) of calcium oxalate. 

Food Value - 

Taro and yautid are rich in carbohydrates (starch) and 
qtiite low in protein (2 to 3% of fresh weight). They are 
comparable to the white potato in general nutritive value. 
The protein is somewhat deficient in the essential amino 
acid-lysine resembling most cereals in this respect. These 
corms are richer in calcium, phosphorus and iron than the 
potato, and about equal in vitamin content. Being low in 
fats and protein, these crops, while quite palatable, are 
primarily energy foods and must be balanced with proteins 
and fats to meet human dietary requirements. The edible 
leaves and petioles are substantially higher than the corms 
in protein, fats, and minerals, but less than half as rich 
in carbohydrates. Thus, the leaves and petioles (occasionally 
eaten) are more nearly balanced for human nutrition than are 
the corms. 

Description 

Taro 

A member of the Araceae family of plants, taro grows' 
to a height of 1 meter or more under favorable conditions. 
The stems (corms) are short and thick. Leaf blades hang 
nearly to the ground, petioles are long and stout, Taro has 
6 to 20 or more large spherical underground corms, which are 
an important foodstuff. 
the large main corm, 

Some varieties are grown mainly for 
while in other varieties the sucker corms 

(cormels) are also eaten. 
of cormels. 

Dasheen types have a larger number 
The blanched shoots from the tubers may be uti- 

lized as a "winter"' vegetable. 

Yautia 

Several species of a plant genus closely related to taro 
are termed Yautia. The lateral corms resemble those of taro. 
It is probamat three species are used in the same manner 
as food crops. They are strongly growing herbaceous plants 
with broad leaves, with a coarse stalk, and main corms which 
are usually not eaten. One species - X. sa ittifolium has 
an above ground trunk; two other species - hrxns and 
X. violaceum, are without above ground trunf;s. The X. brasi- 
Tiense spe ties is probably identical with X. sagitti'folium. 
-species bear abundant lateral corms that are edible. 
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There are a very large number of varieties of both crops 
and these differ widely in yielding ability, adaptation to 
soils and cl:Lmate, plant characteristics, size of corms, pa- 
latability and starch content. Results of limited variety 
tests are available in Hawaii, Puerto Rico, and at research 
stations in the Caribbean and the Far East. 
an improvement program, 

In undertaking 
a collection of the superior varieties 

from many tropical regions should be field tested under local 
conditions to determine their performance and the quality 
of the tubers as well as cleaned up of any diseases such as 
viruses that may be transmitted vegetatively. This should 
be followed by determining responses to fertilization, and 
spacing of rows and plants. 

I Adaptation and Culture 

Taro and yautia produce best at low to medium elevations 
in moist regions of the tropics and the frost-free subtropics, 
Low land bordering rivers and streams that is too moist for 
sweet potato and yam production is well-suited to taro and 
yautia, though some varieties are adapted also to drier grounc 
Some varieties of taro can be grown in flooded fields, like 
rice. Good soil drainage is necessary for yautia, In dry 
regions, they do well under irrigation, but are not a 
crop where water is a limiting factor. These crops i) 

riorit: 
to erate 

a wide variety of soils, provided moisture is adequate. corm 
yields have been reported that range from a low of 3 up to 
30 or more metric tons per hectare; the differences being 
due in part to the variety and in part to the suitability 
of soil and culture. 

For planting, the tip section of the corm plus 20 to 
30 cm of the lower petioles may be used, although corms, corm 
pieces, cormels, 
buds may be used. 

or any part of the rhizome system having 
The corms or pieces of the rhizome are 

set at a depth of 7 to 12 cm and covered lightly with soil; 
the crowns are set slightly deeper than they grew previously 
because the corm tip forms the base of the new corm. They 
are usually planted in rows about 1 meter apart, and spaced 
50 to 60 cm in the row, using denser plantings in more fertile 
well-watered soils. From 20 to 25 thousand propagation piece; 
are needed to plant a hectare. The best planting time is 
the cool season of the year, although plantings may be made 
at any season if moisture is adequate. 
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CHAPTER 28 

CASSAVA I/ 
(Manihot esculenta) 

Other Common Names: Maniac, yuca, tapioca, 
mandioca, guacamote. 

It is believed to be native of tropical America, and 
as introduced by Portuguese explorers of the l?th century 

to other tropical regions of the world. 

The FAO reported production in 1969 amounted to 33 
illion metric tons in South America, 31 million in Africa 

d 21 million in Asia, and l/2 million tons in Central 
erica and the Caribbean. Cassava is grotim in all tropic 

ountries for its starchy roots, as a subsistence crop, fc 
ocal conznerce, and as an industrial crop in many countric 

Cassava is a starchy food, valuable as an energy sour 
he tubers average about 33% carbohydrate (twice as high 

because of lower moisture content) but on11 
In addition to being very 

the protein is somewhat defi- 
cids, methionine and trypto- 

Cassava is relatively high in calcium, phosphorous, 
The young leaves of the "sweet" varieties are 

source of minerals and vita- 
ins than the tubers. Also, the leaves are considerably 

carbohydrate than the tuber 
10.7 percent protein on 
36 percent on a dry weight 
acids, only methionine is 

quite good (5.6 to 8 percenl 

There is continuous variation between the sweet and 
types contain a higher perct 
cid in the roots than the 
are grown mainly for boilini 

cyanide is released when 
juice is drained off, for ml 
iminated by thorough boilin 

Edited by Eduerdo Alvarez-Luna, Director, Plant Sciences, 
International Center of Tropical Agriculture, Call. Colombia 
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When the grated roots are washed the eluent contains 
starch which separates out on standing. While the starch 
is still moist, it 'is pressed through fine mesh screens onto 
a hot ceramic plate to form commercial tapioca; or it is 
dried to form the flour used in many bakery products. Ta- 
pioca aqd starch are exported from a number of countries 
on all continents, dominated by Brazil, Thailand and Indonesia 

Adaptation 

Cassava is relatively drought resistant, and is a par- 
ticularly usefui crop in all regions with alternating dry 
and rainy seasons, 
is &equat,e, 

It makes good growth when moisture supply 
and becomes virtually dormant but stays alive 

in drier periods. Since the plant is essentially a perennial, 
it can be allowed to stand indefinitely as a crop, and the 
tubers harvested whenever needed, 
as an annual, 

However, it may be rown 
producing a crop of tubers within 9 to 1 !i! months 

after planting when moisture is adequate for sustai,ned growth, 

Cassava requires a warm climate, but is grown extensive11 
in subtropical regions that are frost-free, as well as in 
the true tropics. In tropical highlands, it is rarely grown 
above altitudes of 1500 meters, 

Soil requirements are not very stringent, but better 
yields are produced on deeper soils. It does not endure 
imperfect soil drainage, and thus is not suited as an alter- 
nate crop on lowland rice fields. Although cassava has a 
reputation for adaptation to soils of widely varying soil 
fertility, higher yields are obtained only on more fertile 
soils. In contrast to customary yields of 3 to 5 metric 
tons per hectare on subsistence fields, yields of 30 or more 
tons have been produced on friable, deep, fertile soils, 
Fieids that have been continously cropped should be ferti- 
lized for improved cassava production. The reported responses 
to green manure crops (Crotalaria species) indicates a need 
for nitrogen. Favorable responses to banded application 
of phosphate and potash fertilizers should be similar to . 
those reported for other tuberous crops. 
for subsistence farmers, 

A basic problem 
is to gain access to credit or other 

assistance that will make it possible to implement the tech- 
nology for improved production, 

Description 

Cassava is a shrubby perennial that grows 2 to 3 meters 
tall, with erect, clean stems, and palmately divided leaves 
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on long stalks. It produces large, elongated, fleshy, tu- 
berous roots that are rich in starch. The size of the roots 
depends on age and growth conditions, often reaching lengths 
of 40 cm and weights of 5 or more kg. The roots tend to 
become more fibrous after 12 to 14 months of age, and, hence, 
the crop is usually harvested while still fleshy. Propoga- 
tion is by cuttings obtained from the stems of plants that 
are at least 10 months old and 2.5 to 3.5 cm thick. After 
stems are harvested, they are stored for a short while in 
a protected dry place until planting time. Cuttings of some 
25 cm in length are taken from the lower part of the stem 
after discarding the basal 20 cm, and the upper stem having 
less than 2.5 cm diameter. 

The cuttings produce roots from the nodes below ground 
level after planting, and new shoots from the uppermost buds 
at the stem nodes, The root system is well-branched, and 
occupies the soil deeply. After a few months, certain roots 
near the stalk base become swollen with starch deposition, 
and these continue to grow in periods when moisture is ade- 
quate,, They continue to grow indefinitely, and may be left 
in the soil without deterioration until harvest becomes con- 
venient; although they become increasingly more fibrous 12 
to 14 months after original planting. 

Varieties 

Many varieties of cassava have been reported, such as 
Sao Pedro Preto with high starch content, Bogor -- a "sweet" 
type grown in Indonesia, Ambon believed to have a higher 
protein content. The variety Llanera in Colombia is reputed 
to be substantially higher in protein content and to be su- 
perior in yields. Other named varieties are found in all 
cassava growing regions. Cassava will normally produce seed 
on plants developed beyond the vegetative stage; and breeders 
of this species use sexual reproduction for the development 
of new strains with desired characteristics. However, the 
general method for propagation of established varieties is 
by planting stem sections that -reproduce vegetatively. Ve- 
getative reproduction is effective in multiplying somatic 
mutations as these are found, and this may be an important 
source of new types. In any event, there are numerous va- 
rieties or strains of cassava found in all regions where 
the crop is grown. 

There is ample variability within collections of cas- 
sava strains to permit selection of strains that excel in 
such traits as environmental adaptation, higher starch con- 
tent or higher protein content of tubers, lower content of 



hydrocyanic acid, 
teristics. 

as well as specific plant and root charac 
Vegetative propagation of desirable strains mak 

possible the rapid multiplication of any strain for field 
production. The principal limitation is the avoidance of 
vir;ls infected plants that show abnormal chlorophyll produc 
tion by mottled or streaked leaves or deficient green color 
since the virus is transmitted by vegetative reproduction. 
Field evaluation of all available strains of cassava and 
selection of those with superior traits is a rapid method 
of improving cassava productivity. 

Culture 

Fertilization 

As noted earlier, cassava will produce a limited crop 
of tuberous roots in a period of 12 months, without ferti- 
lizers, on a wide range of soils. However, the crop does 
respond to fertile soils and effective use of fertilizers. 

Nitrogen fertilizers.should be applied periodically 
every 3 months during actual growth, at 20 kg of N per hec- 
tare, to produce sustained effects on cassava. Phosphate 
and potash fertilizers are most effectively applied in band 
before planting in furrows below the intended rows of cassa 
Such banding will minimize the interaction of the fertilize 
with the soil mass, that is particularly likely to convert 
the phosphate into a form that is not accessible to the cas 
sava. If no field trials have been made locally on amounts 
of fertilizers for cassava, it is suggested that initial 
tests be made with the equivalent of 50 kg of phosphate (P2 
and 25 kg of potash (K20). 

Seed Bed Preparation 

The seed bed should be well tilled for planting the 
stem cuttings (about 25 cm long). These are placed in rows 
i to 1 l/4 meters apart, 
in the row. The cuttings 

with cuttings about 1 meter apart 
are inserted about 2/3 of their 

length into the seed bed so that at least the lowest node 
is weii beiow the soil surface. Planting; is best done at 
the beginning of the rainy season, and rooting and shoot 
development then occurs rather promptly. Any failure of 
cuttings can be noted in about 3 weeks, and fresh cuttings 
planted to replace those that failed. 

Weed Control 

that 
Except for a 
may be grown 
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lOW-growing, leguminous, green manure cr 
in cassava fields, all weedy growth shou 
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be prevented. Weeds compete for moisture and soil nutrients, 
and thus reduce cassava yields, 

moisture and soil nutrientq, 

tillage is most effective in weed 
Pulling, hoeing or machine '--"'0 -* WUI-IL&Lid 

control if carried out E carrifd nrlt 
when weeds are small, before they create serious competition. J bY",y L c ition. Weeding should continue until the cassava plants are large 
enough to shade the ground. 

Q are large 

I Disease Control 

Virus and bacterial disease, largely caused by planting 
infected cuttings are important diseases of cassava. Also 

Taphrina and Oidium are important 

Virus may be very serious but they usually spread slowly, 
and can largely be controlled by planting only vi_rus-free 
(normal appearing) stem cuttings. All virus infected plant 
material with discolored or distorted leaves should be re- 
moved from fields and destroyed by burning. 

Insect Pests 

Cassava s-uffers the attack of several insects, such 
as thrips, hornworm, shoot fly and the spider mites. In 

-the event of a significant infestation, prompt application 
;<of a specific purpose insecticide should be applied. 

$Harvp_st i ,' ; ,L, The tuberous roots may be harvested within 9 to 12 months 
'after planting, depending on availability of rainfall and 
the variety grown. In harvesting, the roots are slowly drawn 
from thp. soil by pulling on the stems, or with the help of 
a strong stake used like a lever tied to the stalk near its 
base. Since the plants remain alive, and the tuberous roots 
do not have a determinate maturation stage, harvest may be 
scheduled at a convenient time. For subsistence, the roots 
may be harvested intermittently over a long period, the prin- 
cipal limitation being that fiber content of the roots becomes 
increasingly higher after about 12 months from date of planting. 
The optimum stage of growth for harvest to produce the greatest 
yield must be determined by field trials in each region, 
for individual varieties. 
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CHAPTER 29 

PAMS 11 
(Diosc:= spp.) 

The most widely grown species of yam, in order of impor- 
tance in the tropics and subtropics, and a few of their 
characteristics, are listed below: 

1. 

2, 

3. 

4. 

.5. 

6. 

White Guinea Yam (Dioscorea rotundata) - Tropical 
Africa, usually thorny stem, twisting right, 8 
months growing season, large cylindric31 tubers. 

Greater Asian Yam (Dioscorea alata) - Southeast 
Asia, now worldwide, winged s=twisting right, 
10 months growing season, large variable tubers. 

Yellow Guinea Yam (Dioscorea ca enensis) - Tropical 
Africa, thorny stem, h-11 months twisting rig t, 
growing season, large variable tubers. 

Lesser Asian Yam (Dioscorea esculenta) - Principally 
Tropical Asia, round spiny stem, twists left, 11 
months growing season, small or large clustered 
tubers. 

Potato Yam (Dioscorea bulbifera) - Throughout 
tropics, smooth stem, twisting left, aerial and 
sometimes underground tubers. 

Cush-Cush Yam (Dioscorea trifida) - Caribbean region{ 
stem winged, twisting left,onths growing 
season, small clustered tubers. 

true yams are unre...-.- Toted to other crop species some- - - The 
times called yams, notably the sweet potato, and the COCO- 
yams, which are actually t:,aros and tanniers. 

Yams provide a stagle foodstuff for millions of people 
in many tropical and some subtropical countries, and are 
secG;ndary foods for many millions mere. Their large scale 
cultivation as food craps occurs in three main areas of the 
world - West Africa, Soath East Asia (including parts of 
China, Japan and Oceania>, and locally in the Caribbean and 
in tropical Latin America. 

"Edible yams are field cro 
perennial, are treated as annua !i 

s, which although basically 
plants. They are harvested 

every season - sometimes more than once in a season, and 
replanted every year, They are essentially crops of the 

if Edfeed by Franklin W. Martin. Location Leader, Agrfculcural 
Research Service, U.S. Department of A riculrure, Federal 
Experiment Ftation. Mayaguez, Puerto R co 00708 f 
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humid, semihumid, or semiarid tropics, for although they are 
adapted to climates in which the dry or rainless season is 
long o they require substantial amounts of water during their 
growing season in order to develop their tubers, They are 
but little adapted to modern techniques of mechanical agri- 
culture, and are essentially crops of peasant farmers, who 
cultivate entirely by manual methods. Such peasant farmers 
individually cultivate small acreages, and very substantial 
proportions of their crops are consumed by themselves or by 
their families or neighbors. 
to subsistence, 

The yam thus belongs primarily 
rather than to commercial agriculture."* 

Food Value of Yams 

The nutritive value of yams as human food unquestionably 
varies considerably from region to region, and between species. 
However, an average analysis of tubers shows about 71% water, 
3% protein, 23% carbohydrate (mostly starch) and 1% ash. 
The contents of calcium, phosphorus and iron are higher than 
for potato, but yams are somewhat lower in vitamin contents. 
Although yams are usually considered energy foods that must 
be supplemented with other foodstuffs to supply protein and 
fat needed for human diets, the protein content on a dry weight 
basis approaches that of cereal grains. The protein is defi- 
cient in the sulfur containing amino acids - methionine and 
cystine, however, as are proteins of the food grain legumes 
and of most plants, Some supplementation from protein rich 
sources is necessary to balance a yam diet. 

As energy foods, yams may be used interchangeably with 
other root and tuber crops and as a substitute for bananas, 
rice, sorghum, maize and millet. Yams are prepared for food 
in many ways - roasted, baked, boiled, steamed, fried, or 
preparations from dried flour. 

Adaptation 

Yams are tropical crops. They require fairly abundant 
supplies of water during the growing season, but may be grown 
over a wide range of annual rainfall zones by making growth 

*Quotation from "Yams" by D. G. Coursey. See list of "Selected 
References" following Chapter 40 of this Publication. 

There is evidence, however, that the yam need not play 
only this limited role. Selected varieties grown on a plan- 
tation scale with the aid of machines and minimum vine support 
can yield economically attractive amounts of raw material 
for food, feed, or industrial purposes. 
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during rainy season. The choices of species and varieties 
must be adjusted to the probable length of seasons when rain- 
fall is sufficiently abundant to support vegetative growth. 
Most varieties are adapted to rainy seasons during long days 
and to dry seasons during the short days of the year. 

Except for D A op;osit;5;;d& h;~~~~~~us:~v~~~"le,:8ms 
prefer temperatures a ove 
cessively high temperatures may be harmful, however, especially 
if moisture is a limiting factor. 

The tuberous characteristic of yams is an adaptation 
to prolonged dry seasons. When moisture becomes deficient, 
the plant tops die and the plant becomes dormant, but sur- 
vives by means of the tubers, Thus, the yams are capable 
of growing in the highest rainfall areas, as well 3s in re- 
gions of lesser and lesser moisture supplies, down to zones 
with as little as 600 mm per year if rains come in a single 
season of 3 to 4 months. However, yams are most productive 
in zones having rainy seasons of 6 to 9 months duration, 
Yams can withstand short periods of dry weather during the 
growing season, because of the reserves of water in their 
tubers, but such shortages of moisture reduce yields. 

Yams require a deep, well-drained fertile soil for 
satisfactory yields of tubers. The root systems are compara- 
tively weak and cannot extract water from extensive volumes 
of soil, particularly in compact soils. The crop requires 
good soil drainage; otherwise rotting of tubers occurs. 

Description 

Edible yam species are herbaceous twining plants, with 
or without prickles, often with winged or angled stems, and 
large oval, parallel-nerved leaves. They produce large under- 
ground edible tubers often with hair-like or prickly rootlets. 
The tubers are starchy, and may vary greatly in size and 
shape among the various species and varieties. Under favorable 
conditions, the plants bloom but most species rarely produce 
seed. In general, the crop is propagated by planting smaller 
tubers or pieces of larger tubers. Plant breeders may create 
new varieties of some species by growing plants from seed 
after hybridization. 

Varieties 

It is possible that some of the great numbers of yam 
varieties were the result of somatic mutations, and that 
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prompt application of a general. purpose fungicide is recom- 
mended, 

Insect Pests 

Insect pests have been reported as being serious enemies 
of yams. Underground white grubs and wireworms have occa- 
sionally caused local damage. Selection of seed free from 
insect damage is essential. Crop rotation such that yams 
or other root and tuber crops are not grown on the same land 
in successive seasons, is a reliable preventive measure that 
avoids buildup in numbers of underground pests. 

Harvest 

The crop is ready for harvesting after the leaves begin 
to dry and vines die down to the ground at the end of the 
rainy season. The tubers may be left in the ground and used 
3s required, provided they can be protected from vermin and 
other enemies. Also, they may be lifted and stored in a 
cool shed with good aeration. The tubers are sometimes stored 
under dry earth or sand to prevent loss of moisture and 
shriveling. 
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CHAPTER 30 

SWEET POTATOES I' 
(Ipomoea batatas) 

Description 

Sweet potato (Ipomoea batatas) is a member of the Cor 
volvulacae family. It is p-1 but is grown as an ant 
crop in most farming systems. Its growth is lateral, pro- 

"ducing long trailing, rooting stems,, The leaves may be 
ovate, heartshaped, lobed or notched according to variety. 
The flowers are funnel shaped and the seeds smooth coated 
and angular. The sweet potato blooms and sets seed abunda 
ly in the tropics, 
plant improvement. 

thus permitting controlled breeding for 
The tuberous roots begin to develop 

within three weeks after slips are planted. 

Geographic Distribution 

The origin of the sweet potato is unknown but specu- 
lation places it in the tropics of the America: from whit 
it may have spread to Asia and Africa in post-CAlumbus tiH: 

Since world statistics on sweet potato production are 
coupled with the completely unrelated yam (Dioscorea spp.) It is not possible with any certainty to identiry the pre- 
dominant sweet potato growing areas. It is clear, however 
that sweet potato is a major food crop in many tropical ar 
of both the Old and New World. Its food potential is grea 
as yields range from 3 to 15 metric tons per hectare. 

Varieties 

Plant breeders in the tropics have developed improvec 
sweet potaL varieties from true seed from crosses of 3 wi 
range of types having desired characteristics. However, 
many of the cultivated varieties grown in the rropics appc 
to have risen from somatic mutations, which ar:-s produced 
spontaneously from crops grown by vegetative propagation. 
These mutations vary widely in environmental adaptation, 
y$eld, size and flavor of the root, thus providing a rangt 
of choice for the local grower. 

Edited by S.K. Hahn. Leader. Root, Tuber and Vegetable Improve- 
ment Program. Intermtionel Institute of Tropical Agriculture, 
fbadan, Nigeria 
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Adaptation 

Sweet potato thrives only in warm climates and prolonged 
exposure to temperatures below 10°C is damaging, It has 
a dormant period, which may range from a few weeks to several 
months and does not sprout until the air temperature is 
15-19°c. It is only moderately drought resistant but a good 
yield can be produced in from 3 to 7 months, gLven adequate 
and evenly spread rainfall (minimum 900 mm). Short periods 
of drought are tolerated but these have an adverse .effect 
on yield. High humidity is undesirable 3s it fosters the 
proliferation of the leaf and stem diseases to which sweet 
potato is prone, Sweet potatoes tolerate wide, range of soils, 
although a sandy loam is preferred. Heavier soils may be 
used but should be well tilled and ridged to provide good 
drainage. Planting on beds or ridges also makes harvesting. 
much easier. Care should be taken in applying fertilizers, 
especially nitrogen, as this stimulates top growth at the 
expense of the root. However, in areas with poor soil the 
use of composts and manures may be advantageous. Sweet potato 
thrives on borders and ridges in irrigated regions, although 
receiving no direct irrigation. Supplementary irrigation 
produces good yields in areas of inadequate rainfall. 

Utilization 

Sweet potato tuberous roots are used for food in a 
, variety of ways and the leaves are frequently used as a 
;,vegetable. The tuberous root requires no special processing 
,‘for cooking and is both nutritious and palatable. 'They 
store reasonably well for some weeks or months after harvest 
if cured at temperatures of between 25-27OC for 10 days 
to two weeks. Large quantities are canned in industrial 
areas, or are sun dried or dehydrated. It is also a source 
of commercial starch and is used as livestock feed. 

Food Value 

60-709, 

Protein 1.692.0% 

Carbohydrate 
(starch 6 sugar) 

Pat 

Ash 

25-30% 

,0.7% 

1.0% 
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A sweet potato which has a dry consistancy when cooked 
is in general, in some countries, preferred to the wet sweet 
type o 

The-calcium, phosphorus and iron content of sweet pota- 
toes is similar to that in white potatoes exceeding them 
in content of the vitamins thiamine, riboflavin, niacin and 
ascorbic acid. The yellow fleshed types popular in the Amer 
are especially rich in vitamin A. 

Planting Material 

The most common method of planting sweet potato is b 
producing rooted sprouts or "slips". To produce these, K t e 
tuberous roots should be plailted horizontally and shallow 
in nursery beds of sand. When the sprouts produced by this 
method have grown about 40 cm long, they should be cut at 
about 30 cm to obtain slips for planting out. Slips can 
be obtained from the nursery bed several times at intervals' 
of a few weeks and the process is <aided by an application 
of nitrogen to the nursery bed. 

This procedure is not used in the tropics, where 30 
cm cuttings from the field crop can be ,planted direct, after 
being kept in the shade, and well watered, for two to three 
days o It should be noted that the terminal cutting always 
produces the highest yield, followed by the second cutting, 
and so on. 

Planting 

Fields are best prepared by producing.ridges, 1 m apart 
and the slips set on these ridges at 30 cm spacing in the 
dry season and 40-50 cm spacing in the wet season,, Slips 
should be cut from the nursery bed, as previously described, 
or from the field if the crop is being grown in the tropics. 

In more temperate regions, the slips should be planted 
at the beginning of the rainy season, but in the tropics 
sweet potatoes can be grown twicIe a year, a crop being pro- 
duced both in the moderately dry and in the wet season. 
For dry season growing, it shoulld be planted at least a month 
before the end of rainy season to have good establishment. 

In general sweet potato should not be grown on land 
that has produced a root crop the previous season. However, 
continuous cropping is possible j!f there is no serious diseas 
insect and nematode attack, The use of manures and composts 
is generally not required, except in areas with poor sandy, 
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clay, or depleted soils,, Commercial fertilizers may be 
used with advantage and should be high in potash and only 
moderately high in phosphate. 

Fertilizer ratios should he adjusted to the soil con- 
ditions at hand, but if field trials with fertilizers have 
not been conducted on sweet potato it is suggestsd that an 
initial trial be made with 25 kg of nitrogen (N), 50 kg 
of phosphorus (P205) and 50 kg of potash per hectare. The 
mixed fertilizer is best placed in bands a few centimeters 
below the planting level. No additional fertilizer is needed 
as additional nitrogen stimulates aerial growth at the ex- 
pense of the root, nor does broadcast phosphate and pot sfum 
benefit the root. 

Weed Control 

Since sweet potato vines have a prostrate habit, regular 
weeding before complete ground cover is obtained is essential 

I and it is suggested that ihis should be done one to three 
times. 

:( Disease Control 2 : 
e,, 7>j Sweet potato is subject to a variety of virus and fungal 
5"' diseases but these may be minimized by good crop management. I _( 
#'-It is important to practise crop rotation, plant only the 
$. varieties known to have resistance to locally important di- 
- seases and to remove completely all crop refuse after harvest. 
i- This refuse can be used for animal feed, or for cornposting, 

but if the disease situation is severe any residue should 
be burnt. 

In seasons of high rainfall and humidity diseases spread 
rapidly, but the preventative measures cited above should 
afford some measure of control. 
and the crop is badly attacked, 

If no control appears possible 
it is suggested that no further 

effort be made to grow sweet potato and that some other tuberous 
crop, better adapted to local climatic conditions, be grown 
in future. 

I Insect Pest Control 

The worst insect pest of sweet potato in the tropics 
is the weevil, which attacks all parts of the plant: roots, 
stems and leaves. The preventative measures suggested for 
disease control are equally effective for control of insects. 
If, in spite of these measures, insect attack appears to 
be heavy, broad spectrum insecticides approved by the govern- 
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ment should be applied as directed. Outbreaks should be 
attacked promptly to avoid a build-up in the insect popula- 
tion. Particularly serious pests should be sent to the.app: 
priate authority for identification with a request for a 
specific treatment. 

garvest and Storage 

Sweet potatoes may be left in the ground for several 
months during the dry season but it is undesirable to do 
so where the soil insect population is high. If harvested 
during the rainy season, sweet potatoes should be stored 
in a well ventilated room.. It should be noted that sweet 
potatoes in storage are readily attacked by the weevil and 
can cause extremely high yield losses. It is therefore es- 
sential that the crop should be chemically treated with an 
insecticide dust before storage. When harvesting sweet pota 
care should be taken to avoid cuts and bruises and 
as this will increase the danger of fungal attack. 

sEEhing 

injuries will heal to some extent if the roots are stored 
in ventilated containers, at temperatures of 25027'C for 
10 to 14 days. Thereafter storage should be moderately dry 
to avoid spread of storage diseases, 

Some varieties store much better than others, with les 
shrinkage and reduced losses from storage rots and weevil 
attack. Such varieties should be field tested locally for 
yield potential and resistance to disease and insect. Many 
superior varieties have been developed in recent years, and 
full use should be made of three advances. 
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CHAPTER 31 

POTATOES L' 

Common &me8 : 
(Solanum epp) 
pmtata, pomme de terre 

Geographic Distribution 

Potatoes are grown on a worldwide basis, and rank as 
the fourth most important food crop in the world. The crop 
is thought to have originated in the Andean highlands of 
Bolivia and Peru. Although today potato production is 
greatest in the temperate zones, the potato has a definite 
role in food production for the tropics and subtropics, 
particularly at elevations above 1000 meters in the tropics, 
and during the cool (winter) season of the subtropics. Lo- 
cally in the tropics, potatoes 

% reduce tubers in seasons 
with mean tern eratures below 24 C. Little or no tuberiza- 
tion occurs it a ove 270C with temperate zone varietiu, but 
varieties bred for the tropics have much wider temperature 
tolerances. 

The tropical and subtropical countries with the great- 
est volume of production are: 

Central America and Carribean: Costa Rica, Cuba, 
Dominican Republi Guatemala Panama 

South America: BolivEA Colombia' Peru Venezuela 
Asia: Cyprus, Korea, India, Indonesia,'Pakistan, 
Turkey 
Africa: Algeria, Ethiopia, Kenya, Morocco, Tunisia, 
-ted Arab Republic 

Food Value . 

Many other countries produce substantial amounts of 
potatoes in localities or regions with favorable climate 
conditions for seasonal production. 

The average composition of the potato tuber is 75 to 
78% water, 1.8 to 2.0% protein, 17 to 20% carbohydrates 
(starch), 1.2% fibre, 1.0% ash, and less than .l% fat. 1-t 
is low in calcium but fairly high in phosphorus. Of the 
vitamins, it has a substantial content of ascorbic acid. 
It was widely used to control scurvy by seamen in the 15th 
to the 19th centuries. 

Nutritionally, the potato is perhaps the most balanced 
of the major food crops in that it provides calories and 

Edftcd by Richard L. Smrytr, Roger Rove end Orville Page, 
Inttrnationnl Potato Center. La klina. Lima, Peru 
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nitrogen in proportion to adult human requirements. 'Potato 
proteins are somewhat deficient in the amino acids - methio 
nine and cystine. However, potatoes rank next to soybeans 
and are superior to the cereals in total protein production 
per hectare. 

Utilization 

Potatoes have a high degree of acceptance as food in 
all countries where the crop is grown. 
in many ways 

They may be cooked 
-- boiled, steamed, baked or roasted, and frie 

as well as being a satisfactory component in stewa, soups, 
and in mixtures with meats and other vegetables. 
their high moisture content, 

Despite 
they store reasonably well and 

may be handled in commerce as a staple foodstuff. 

Where production of potatoes exceeds the demand for 
food, they may be processed for starch, or made into alcoho 
but these industries are now concentrated mostly in 
countries. 

develop 

Adaptation 

Potatoes of the varieties bred in Western Europe and 
North America, are essentially a long-day, cool-weatK& cro 
The wide acceptance of potatoes as a food in the tropics 
has directed attention to varieties that tolerate a short- 
day tropical environment. Breeding programs appear to be 
developing varieties that will widen the climatic adaptatio 
of the crop. However, the varieties now grown, many intro- 
duced from North America and Europe, are best suited to ele 
vations above 1500 meters where temperatures permit vigorou 
growth. Somewhat lower elevations are acceptable in the 
cogler seasons of the year when mean temperatures drop to 
24 C. In the subtropics, the crop is grown in the cool sea 
son, to take advantage of cooler weather. Most potato va- 
rieties will withstand light frosts. 

Potatoes require a continuing supply of rainfall, pre- 
ferably not less than 900 mm during the growing season for 
that crop. Yields of ,tubers are drastically reduced by prc 
longed dry weather. 

Potatoes may be grown successfully on a wide range of 
soil conditions, but sticky heavy soils interfere with dig- 
ging. Well drained soils are desirable. Either fertile 
soils or liberal fertilization is essential for abundant I 
yields. In Europe and North America, yields of 20 tons per 
hectare are commonplace, whereas average yields in tropical 
regions are about one-half as great. Where two potato c'rol 



- 249 - 

can be grown per year in the tropics, the total yield per 
hectare about equals production from one crop in the temper- 
ate zone. 

Description 

The potato belongs to the Solanaceae family of plants. 
It is an annual with stout erect stems 30 to 90 cm long. 
Each of the slightly hairy leaves is usually 30 cm or longer, 
comprised of one terminal leaflet, and two to four pairs 
of additional lateral leaflets, Flowers are borne in clus- 
ters of 5 to 8, with whitish or colored petals, The plant 
produces a fruit that may be yellowish or greenish, usually 
containing many seeds. Practical propagation is exclusively 
by tubers, borne on underground stems or stolons. The tuber 
is a swoilen, modified stem with lateral spirally arranged 
" eyes" ; each eye is potentially capable of producing a new 
plant. An eye has a number of buds, protected by scales. 

The interior of the tuber is well packed with starch 
when fully grown, and this starch and other nutrients are 
moved to the eyes when sprouting and growth occurs. The 
size and vigor of the plant produced from cut pieces oi the 
tuber is determined by the amount of reserve foods tr;>>alo- 

: cated to the eye, Seed pieces should be at least 40 grams 
for strong plant growth and higher yields of tubers. 

The tubers are covered with a corky skin that greatly 
retards moisture loss. Skin color may be cream colored, 
brown, pink, red or purple, this bein a varietal character- 
istic, Tuber size may vary greatly, f rom 30 grams to 400 
grams, depending on variety and growth conditions. When 
a potato tuber is cut and left in a suitable environment, 
the cut surface forms 3 corky layer in a few days, which 
inhibits decay and excessive moisture loss. Tubers exposed 
to sunlight for a day or more turn greenish in color and 
produce 3 bitter substance in the surface layer that is some- 
dhat toxic to man. Most of the toxic substance is discarded 
with the peelings. Potatoes for food should be protected 
from sun exposure, to avoid becoming bitter and toxic. 

Varieties 

Some varieties have been produced by selecting somatic 
mutations occurring spontaneously in field plantings. How- 
ever, nearly all improved varieties are the result of hybrid- 
ization and selection. Seedlings grown from true seed are 
observed for desirable characteristics when ellot!ed to grow 
full size to produce commercial tuber crops. Woridization 
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between Solanum tuberosum varieties has played a major role 
in potat?@kment. These breeding programs have largeI! 
been carried out in temperate regions, and much pro ram 
has bean made in developing disease resistance, yir !I ding 
ability, cooking quality, tuber storage properties and othm 
desired traits. Many of these improved varieties have prove 
useful in the tropics and are widely used. However, breedi 
involving inter-crossing of compatible Solanum species and 
varieties has been initiated in the tram cooperation 
with potato research stations in temperate zones, and potato 
varieties specially adapted to a range of tropical condition 
have been developed. Growers are advised to consult researc 
stations in climates similar to their own to gain informatic 
on the most productive varieties available, as well as on 
improved cultural practices. 

Because of the difficulty of producing seed tubers thal 
are free of the various debilitating virus diseases in warm 
regions, the importation of planting seed from cooler clima, 
or high elevations is widely practiced and highly desirable 
Such seed should not only be true to variety name, but it 
should carry some warranty as to freedom from virus disease; 
Seed growers should be counseled to produce seed tubers of 
t'he tested, superior varieties, adapted to regions of inten 
production. 

Culture 

Fertilizers 

Fertilizers will almost always be required for accept- 
able tuber yields of potatoes. Since a crop of tubers is 
produced in 120 days or more in the tropics, fertilization 
should be adjusted to a slower growing long-season crop. 
Potatoes respond to animal manures and composts as well as 
to commercial fertilizers, when effectively used. In the 
event local field trials have not been made to determine 
the amounts and kinds of fertilizers that Will produce the 
greatest yields, it is recommenc'led that field trials be mad 
with the equivalent of 500 to 800 kg/ha of fertilizer, con- 
taining about 10% nitrogen (N), 10% phosphate and 
8% potash (K20). 

(P 03) 
To be most effective, the fert z lizer shou 

be placed in bands somewhat below the seed pieces. This 
largely prevents inactivation of phosphates by interaction 
with the soil, and insures that the fertilizer will be prom 
ly available to the young plant as well as to the growing 
crop. 

A practical method of application is to open a furrow 
at the intended location of the row about 18 cm deep, then 
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place fertilizer in the bottom, cover with 5 to 8 cm of soil, 
the seed pieces placed thereon, and covered with 8 to 10 
cm of soil. If animal manure or compost is available in 
quantity, it may replace up to one-half of the fertilizer, 
Note that there must be 3 layer of soil between the seed 
pieces and manures to avoid seed piece rotting; and that 
a soil layer is required between the seed pieces and commer- 
cial fertilizer to eliminate the hazard of chemical "burning" 
in the event of dry weather. Growers should be advised that 
the broadcasting of fertilizers and manures is an inefficient 
method of improving soil fertility for all root and tuber 
crops. 

Planting Material 

Plantings of virus-free seed should be made with vari- 
eties proven to be well adapted to local conditions. In 
general, locally grown seed tubers are far less productive 

1 than certified seed since the local tubers may be heavily 
,;I- contaminated with viruses. 8' 
s., I* Seed tubers may be cut to sizes of 40 to 63 grams each 
( or whole tubers of this size may be used, making certain 
$ that each piece contains at least one eye. The cut surfaces 
j-may be dusted lightly with fresh dry wood ashes, flowers 
f;of sulfur, or a general purpose fungicide to inhibit disease. 
&Seed pieces should be allowed to stand in a shaded, venti- 
F;.!lated place for several days before planting, t:> permit de- 
K velopment of a cork layer on the cut surfaces. 1 1* I, i 

Planting 

The time of planting should be selected to take maximum 
advantage of the cool season and occurrence of rains. Po- 
tatoes may be planted in rows 40 to 60 cm apcirt, with seed- 
pieces spaced about 25 to 30 cm in the row. Planting should 
be at depths of 8 to 10 cm; prefer-able in moist soil. 

Weed Control 

Potatoes are not strongly competitive with weeds. Prompt 
removal of weeds by pulling, hoeing or tillage is essential 
to avoid competition with the potato plant for nutrients 
and moisture. Tardy weed control is serious because of the 
interference with tuber formation and development. 
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Disease Control 

The most important aspect of disease control is to full3 
exploit preventive measures. These should include the plant- 
ing of varieties known to have resistance to locally importar 
diseases. Virus-free planting stock is highly essential, 
since there are no other effective treatments for these dis- 
orders. Planting is normally at a season to make the best 
use of cooler weather and available rainfall. Crop rotation, 
so that potatoes will never be planted on the same field 
in successive seasons, is a useful preventive measure. Plant 
ing clean seed tubers that have ZIO seed-borne diseases, such 
3s scab, rhizoctonia, or ring rot is imperative. 

Late blight is a leaf and tuber disease that may strike 
during periods of high air humidity when days are ,warm and 
nights are cool. Varieties are now available that are tole- 
rant to this disease. Spraying with appropriate fungicides 
is effective, if the foliage is covered by weekly applications 
but this requires a degree of mechanization as well as guidanc 
in methods of procedure that are feasible only for the more 
competent growers. 

Pest Control 

A variety of potato beetles, flea beetles, a hids and 
nematodes may attack potato plants. Control of t Ii ese should 
first of all include the preventive measures listed for plant 
diseases, particularly crop rotation. A close watch should 
be maintained for any pest that may cause serious damage, 
and outbreaks should be met by application of a general pur- 
pose, broad spectrum pesticide, pending identification of 
the pest that will permit more specific control measures. 

Harvest and Storage 

Harvest of the mature tubers should be made on a dry 
day, as soon as three-quarters of the crop leaves have turned 
brown. Prompt harvest will reduce the possible damage by 
soil infesting insects that attack tubers. The tubers should 
be stored temporarily in a shaded, dry, well ventilated place 
for seven to ten days to allow time for the skin to become 
well suberized, and for any cuts or bruises from digging 
to heal. Thereafter, they may be stored most satisfactorily 
in a well-aerated, cool, dry place until sold or converted 
into food. 
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CHAPTER 32 

ONIONS L/ 
(Almepa) . 

Other Common Names: cebolla, lunu, 
bulb onion, oignons 

The onion is probably native of Asia, in the Middle 
last region. Today, it is widely grown in Mexico, Brazil, 
@lombia, Ecuador, and Peru; in Iraq, Lebanon, Syria, Turkey, 
India, Pakistan, Thailand, and Ghana. 
:ries, the crop is 

In all of these coun- 
rown 

1~ a staple foodstu .f. pf 
for dry bulbs, which are marketed 

World production totaled 10 million 
metric tons in 19613, of which about one-third was grown 
,n tropical and subtropical regions. 

but is valued most for flavoring. - 

The edible onion bulb averages 85 to 87% moisture, 

ash. 
I total carbohydrates, 0.2% fat, and about 

It is rich in calcium and moderately supplied 
Ith phosphate and iron. It is classed as an energy food, 
ecause the calories are supplied largely from carbohydrates 

I 
Onions are edible either raw or cooked in any manner. 

11 parts of the plant contain the pungent principle that 
akes onions desirable as seasoning herbs. The pungent 
rinciple is due to volatile sulfur compounds. Varieties 
hat store the best are usually greater in pungency and 
tronger in flavor. Mild varieties of onions do not store 
8 well as pungent varieties. 

:Edited by edwin B. Oycr. S. Shanugarmdaram, end Roberc P. 
,Chwdler. Asian Ve 
~Shanhua. 

I 
Taiwan. 7 & 

ctsble Rarearch and Development Center, 
I Taiwan, Republic of Chiru 
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Adaptation 

Onions thrive best in the tropics at the higher ele- 
vations and in rather dry districts. The climatic controls 
of growth operate through a combination of temperature and 
length of day, acting on the physiological stages of develop- 
ment that lead to bulb development, but not requisite to 
flowering and seed production. Essentially, the onion is 
a biennial; but only the vegetative portion of the growth 
cycle is used to 

P 
reduce bulbs. Onion varieties adapted 

to the tropics wi 1 bulb at a 13 hour day or less, but va- 
rieties adapted to the subtropics require somewhat longer 
day lengths for bulbing. Onions grow well over a wide range 
of temperatures. However, when exposed to prolonged periods 
of cool temperatures (below 55OF, 13OC) some of the varieties 
adapted to the tropics and subtropics will produce seed 
stalks (bolt). 

Onions are grown successfully on nearly all types of 
soils, but respond to mellow soil structure and relatively 
high fertility. The crop is sensitive to high soil acidity, 
probably because of toxic soluble aluminum in acid soils. 
It is likely that varieties differ in their tolerance cf 
soluble aluminum, but research on this matter has not been 
reported. Young seedlings are susceptible to salt injury 
so direct seeding on saline soils should be avoided. The 
crop will survive periods of deficient soil moisture, but 
yields are sharply depressed if deficiencies are extended. 

Description , 
The onion belongs to the Amaryllidaceae family of plants, 

The true stem is a short structure at the base of the plant 
from which hollow leaves with distinct sheath and blade 
portions grow. The c linder of leaf sheaths between the 
bulb and hollow leaf i: lades is called the neck. The bulb 
which is the food storage organ, consists of fleshy leaf 
sheaths, scale leaves from which the blade portion does 
not elongate and the true stem. When subjected to prolonged 
periods of cool weather, the growing point is transformed 
from a vegetative to a reproductive structure which elon- 
gates. This structure, which is a hollow inflorescence 
axis is the scape or seed&talk. The flowering umbel is 
borne at its apex. 

Onion bulbs vary in size, shape and color depending 
on the variety. It is harvested by man for food and fla- 
voring, thus halting the normal growth cycle. 
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Varieties 

Varieties adapted to the tropics must be resistant 
to local diseases, and have good size and yielding capacity, 
long storage properties, and the pungency or flavor desired 
of the onion. Some varieties found to meet most of these 
requirements are: Texas Early Grano, Louisiana Red Creole, 
L 36, Eclipse, TWhite Creole, White Grano, Early Harvest, 
Texas Hybrid 28, Granex, Tropic Ace and Awakfa. The Ber- 
muda (mild) type onion will not store well for more than 
a few weeks, but Yellow Bermuda and Excel 986 are among 
the best of these. 

Culture 

Fertilizers 

Onions are responsive to manures and commercial ferti- 
lizers. The manures should be plowed under during seed 

- bed preparation, in the amounts available, up to 20 metric 
' tons per hectare. ', Manure has growth producing properties f- 9, that appear to supplement commercial fertilizers. Ferti- 
R:, lizer applications should be at least 50 kg per hectare 
i of nitrogen (N) and potash (K20), and 100 kg of phosphate 
[: (P205) drilled in bands below the intended crop row. Phos- 
6-l _ phate applied broadcast often has little value, even though 
$, needed by the crop, because many tropical soils have exceed- 
;;<, ;;:,: ingly high fixation properties for phosphate. Band place- 
% ment avoids such loss. .>: !I Band placement of nitrogen and po- 
TI :-"" tash is effective also, so that all fertilizer nutrients 
:, can be applied together. 

Propagation 

Onions may either be seeded directly in the field; 
or started in special seedbeds, and transplanted when seed- 
lings are large enough to handle efficiently. Seeding 
directly in the field requires much more seed (4 to 5 kg 
per hectare in rows 40 cm apart), and there must be subse- 
quent thinning to leave only one plant per 5 - 8 cm of 
row. If seedbeds are used, three kilograms of seed sown 
on one-tenth hectare will prdvide enough seedlings to plant 
one hectare. Despite the hand labor of transplanting this 
method gives greater assurance of a satisfactory crop for 
market purposes. 

Plantinq 

Planting, or transplanting, should be scheduled to 
produce strongly growing plants with leaves about 30 cm 
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tall by the time the longest daylength is reached when pos- 
sible. If the monsoon season coincides with this period, 
it is better to utilize the longest daylen ths of the dry 
season to produce the crop, Rows are'usua ly spaced about 7. 
40 cm apart, with one plant per 5 to 8 cm of row. If the 
requisite dates of planting or transplanting do not coin- 
cide with adequate natural rainfall, supplemental Irrigation 
is highly desirable. 

Machine planters for direct seeding and transplanting 
seedlings are available for commercial production of onions 
but these operations can be carried out successfully by 
careful hand labor. 

Weed Control 

Weed control is highly essential for successful onion 
production, since the tops do not shade weed seedlings and 
provide competition. Hand weeding should begin as soon 
as weeds appear, and be repeated as frequently as necessary 
to maintain clean fields. Chemical weed control fs very 
effective for most types of weeds. Chloro-IPC is the most 
useful herbicide, and it is usual1 applied in three s rays; 
before seedlings come up (or just efore transplantinfi , i: P 
again when plants are tall enough to permit "directed 
sprayin without wetting the onion plants, and finally, 
just be ore the tops begin to fall over, after bulbing has f 
reached the maximum. The difficulty with this chemical 
is that it leaves a toxic residue in the soil that may ad- 
versely affect growth of the next crop of another species 
grown on that land. 

Diseases 

Onions may be attacked by various diseases. Onion 
smut attacks very young seedlings, but does not affect 
healthy transplants. Pelleting the seed with tersan or 
arasan fungicide applied with a sticker at t%~ rate of one 
kilo per kilo of seed gives good control. Downy mildew 
affects growing plants in cool wet weather, and rarely af- 
fects tropical onions. Pink root is caused by a soil borne 
organism that is most serious in hot weather at bulbing 
time. Some varieties are more resistant; but crop rotation 
so that onions are never grown on the same land more than 
one season in three is a useful preventive measure. Neck 
rot infects plants in the field but is unnoticed until rot- 
ting occurs in storage. The fungus usually attacks through 
bruises or wounds in the bulbs caused by rough handling 
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during harvest . Thorough field curing after harvest, sort- 
ing out the thick necked onions that are susceptible, and 
clean-up to remove all diseased bulbs, are effective con- 
trol measures. 

Purple blotch sometimes causes appreciable loss as 
a bufb rot. The first symptoms of the disease are small, 
whitish sunken lesions with purple centers. The bulbs de- 
cay due to attack by the fungus at harvest time. No satis- 
factory controlL meaeure is availabSe. The practices recom- 
mended for neck rot are advised for this disease also. 
The Red Creole variety is much more resistant than either 
Grano or Bermuda. 

Insect Pests 

Onion thrips are most likely to be destructive in hot 
dry periods. These tiny, yellowish sucking insects attack 
the onion leaves, giving them a blanched appearance, Rote- 
none dusts, or malathion sprays are effective if applied 
as soon as thrips are detected, and repeated at weekly in- 

I tervals. 

Onion maggots are the larvae of a small fly resembling 
“,a housefly, but smaller. i)- E 

I 
gs are laid near the plant base, 

i-. ;; and the small maggot about cm long, feeds on the plants 
$ and burrows into the bulbs. Dieldrin or aldrin may be 

* P 
:<a plied to seed at planting, or to the soil after trans- 

‘p anting, 
’ pest.. 

as a dust or spray, to protect against this insect 

Harvest 

Onion bulb harvest should begin after the tops have 
begun to break over but before the foliage has dried down 
completeSy. The onions are pulled by hand and placed in 
windrows so that the tops partly cover the bulbs and prevent 
sunscaSd. They are left in the windrow until tops are 
fully dry; the tops are then cut off, and bulbs put in 
crates or open mesh bags to complete curing. They may be 
left in the open or placed in open sheds for curing. Good 
ventilation through crates, bags, or bins is essential. 
Early in the curing process, the bulbs should be sorted to 
remove those with thick necks (which will not store and 
should be consumed promptly), damaged or decayed bulbs, 
and all trash and dirt. 
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Storage 

Well cured onions will store without serious deterio- 
ration for many weeks or months; but good ventilation, low 
humidity, and cool temperatures will prolong the desired 
dormancy of the bulbs. The more pungent varieties of onions 
store much better than mild varieties. 

Seed Production 

Onion bulbs that have been stored for several weeks or 
months, may be set in the field when rainfall permits growth 
to produce seed. The bulbs will root, produce flower stalks 
and bloom and set seed rather abundantly, but only when 
mean daily temperatures during storage are below 15OC. 
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CHAPTER 33 

COTTON, FOR LINT AND SEED L/ 
(Goesypium spp) 

Cotton is the most widely grown and used plant fiber 
in the world. It also produces seed that is used for its 
oil, both for food and industrial uses, and a residual pro- 
duct, cottonseed meal, that is high in protein. 

Cotton belongs to the Mallow family of plants. The commercial varieties have been developed over a long period, 
by selection and crossbreeding of four distinct botanical 
species: 

Upland cotton - Gossypium hirsutum 
American- 
Asiatic 

These species vary considerably in length of fiber and 
fiber strength and fineness, 
characteristics. 

as well as in plant and boll 
The improved varieties now widely used are 

those with the type and quality of fiber ( lint) desired in 
world markets, even though much of the production is retained 
in some countries of origin for domestic use. Breeding 
cotton for higher yields and quality of fiber continues to be 
a major objective in many cotton growing countries, even though substantial improvements have been made in recent 
decades. 

Cotton is usually grown as a warm-season annual, although 
it is possible to grow a second crop on regrowth from the 
stubble after the first growth is harvested. This is termed 
the "ratoon" crop, 
growth. 

and isnever as productive as the first 

The plants of commercially important varieties are per- 
ennial species grown as annuals reaching heights of 60 to 
160 cm depending on variety and climate, and each plant has 
a main stem from which several to many branches arise. These 
branches may be reproductive, producing one or more flowers 
at successive nodes or vegetative branches which may in turn 
produce reproductive branches. 
alternate sides of the fruitin 

The flowers are arranged on 

relatively large bracts ( modi !i! 
branch, and there are three 

ied leaves ) at the base 

Edited by Lily H. Waddle, Staff Scientist (Cotton). National 
Program Sraff, Agricultural Research Set-vice, U.S. Department 
of Agriculture. Beltsville, Maryland 20705 
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of each flower, which enclose it in the bud stage. Flower 
colors may range from white to yellow and change to purple 
a day or two after opening of the blossom. 

I 
The Zruit is known as a boll, and it develops after 

pollination of the blossom into an obovoid, 3- to 5-celled 
capsule, 4 to 5 cm long? The boll splits open at maturity, 
exposin the seeds covered with lint hairs (fibers) that 
may be !f .?5 to 3.75 cm long (depending on variety and spe- 
cies) when combed out from the seed. Depending on the va- 
riety, flowering begins 8 to 11 weeks after planting, and 
each individual boll will mature in 6 to 8 weeks after bloom 
ing. The storm-proof varieties used where machine stripping 
is available have twisted carpels (burrs) with the fibers 
strongly attached to the carpel walls so the seeds and lint 
do not fall out and are retained in the opened boll. Ripeni 
and opening of the bolls on each plant usually occurs over 
an extended period. However, retention of the locks in the 
opened bolls makes it possible to harvest the crop in one 
machine stripping operation. 

The individual cotton fibers are slender, single-cell 
hairs growing out from certain epidermal cells of the cotton 
seed coat. These individual fibers len then for about 20 
to 25 days, and the cell wall thickens f or a similar period, 
before the boll opens. Unfavorab3.e growing conditions (li- 
mited soil moisture, inadequate fertflity, leaf diseases, 
and insects, etc.) results in fiber of inferior quality. 
Normally, there are 27 to 45 lint-bearing seeds per boll. 
The seed coats are tough and leathery, dark brown to black, 
and at maturity the seed coat (hull) constitutes 25 to 30 
percent of the total seed weight,, The oil content of the 
kernels, or meats, ranges from 32 to 38 percent, being highs 
when there is adequate soil moisture during growth of the 
bolls. 

Producllng Areas 

Cotton is grown in all warm regions of the world where 
there is .a frost-free period of at least 180 days and mean 
temperatures above 250C for 150 days. Thus, cotton produc- 
tton occurs in the tropical and subtropical regions and the 
warmer parts of the temperate zones. 

Production in Europe is concentrated in Greece and 
Spain; in Latin America, it is in Mexico, Brazil, Colombia, 
Peru, Nicaragua, Guatemala, and Salvador. In Asia, the pril 
cipal countries are India, USSR, Peoples Republic of China, 
Pakistan, Turkey, Syria and Iran; and in Africa, the major 
producers are United Arab Republic, Uganda, Sudan, Tanzania 
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Nigeria, and Mozambique. In many other countries, cotton 
is a major crop in the national agricultural economy, and 
can be grown successfully in economic competition with other 
regions. For world markets, the significant factor is the 
cost of production per kilo of lint cotton; this cost should 
be significantly below the current world price to provide 
a net return to the producer. An additional consideration 
is to have sufficient cotton production concentrated in each 
locality to justify operation of the necessary cotton gins, 
and special supplies for growers. Access to the results 
of research on cotton production technology, including im- 
proved varieties, also is important, 

Yields of cotton per hectare differ widely between 
countries, ranging from 80 to 1150 kg of lint per hectare 
with a world average of 350 kg/ha in 1973, Since cost per 
kg of lint production declines substantially as yields per 
hectare increase, there are much greater net returns from 
higher crop yields. The effective use of modern technology 
to increase yields and reduce costs per kilo of crop is 
open to all nations, irrespective of size. 

Utilization of the Crop 

Cotton lint (fiber) makes up about one-third of the 
total weight of seed cotton, and seed makes up about two- 

-thirds. However, the lint on each hectare has a market 
$,value about four times as great as the accompanying seed. 
'.Thus, the seed is considered a byproduct, even though it 
-is an important component. In view of the keen competition 

in world markets for cotton lint, full use should be made 
of the cottonseed and its products to make the total cotton 
crop more profitable. Cottonseed protein offers one of the 
worlds best sources of vegetable protein for the human diet. 

Over one-half of the cotton lint crop is used for cloth- 
ing and household textiles. The remainder is used in industry, 
mostly for bags, belts, twine, and tires. The short lint 
is utilized in carpets, batting, wadding, and low-grade 
yarns, as well as for stuffin material for pads and cushions. 
The fuzz on the seed (linters $ is used for making rayon and 
other cellulose products. 

Cottonseed is processed to produce cottonseed oil, with 
hulls and fuzz (linters) as byproducts. Cottonseed is made 
up of hulls (30 percent), kernels or meats (seed without 
hulls) (60 percent), fuzz (5 percent), and waste or trash 
(5 percent). One metric ton of cottonseed (with hulls) yields 
about 200 kg of oil (with efficient extraction methods) and 
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800 kg of cake. When hulls are removed before extraction 
(which is necessary for production of meal for human food), 
one metric ton of naked (meats) seed should yield 330 kg 
of oil and 670 kg of cake. Inefficient oil extraction by 
hydraulic presses may produce as little as 265 kg of oil, 
leaving about 65 kg in the cake. Since the oil has a market 
value 3% times as great per kg as the cake, failure to ex- 
tract all of the oil is a loss to the producer, and a bonus 
to the importer of poorly processed cake. 

Cottonseed Cake as a Feed 
I 

Cottonseed cake and meal constitute a high-protein feed 
for ruminant (cattle, sheep, goats) livestock. They are 
somewhat toxic for poultry and swine unless treated to eli- 
minate the toxin-gossypol. Whole cottonseed (including hull 
when oil is extracted, averages about 28 percent protein. 
Extracted meats produce cake averagtng 
protein. 

about 43 percent 

European countries are the major world importers of 
cottonseed cake, where it is used for livestock feed for 
production of meat and milk. Since less-developed countries 
are seriously deficient in all proteins for human diets, 
it would seem logical that much of the cottonseed meal and 
cake should be retained for use in the producing countries. 
The export of high-value oil might well be expanded by effi- 
cient processing to extract all of the oil, and retaining 
the cottonseed cake for feeding local ruminant livestock. 

Cottonseed Meal as a Food 

Cottonseed and meats must be processed to eliminate 
the toxic ingredient gossypol. The product is a highly nu- 
tritious protein. Cottonseed meal is now used as a protein 
supplement in human diets, particularly where animal protein 
meat, milk, eggs, fish -- are in short supply or too expen- 
sive for common use. Cottonseed protein is somewhat deficie 
in the sulfur containing amino acids methionine and cystine 
that are essential for human nutrition. Hence, this protein 
is considered an extender of animal proteins rather than 
a substitute. The serious widespread deficiency in protein 
for human diets in virtually all less-developed countries 
warrants the retention and processing for food of all cotton 
seed produced in each nation. This will require expensive 
investments in new seed processing machinery. 
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Cottonseed Oil 

Cottonseed oil is classed as a semi-drying oil. It 
is extensively used for making margarine, as a cooking oil, 
and in food dressings and sauces. It is also suited for 
home illumination where electricity is not available. West- 
ern Europe is a major world market for cottonseed oil, and 
in 1969 the average market price was $268 per metric ton. 

Improved Varieties 

Breeding programs to develo improved varieties have 
been actively pursued for severa 'i decades by all of the ma- 
jor cotton growing countries, or by regional groups where 
there is cooperation between countries, The characteristics 
that have received the most attention are: adaptation to 
regional environmental conditions, yield and quality of lint, 
resistance to insect pests and diseases, and harvesting traits 
such as retention of the locks in opened bolls. Comparatively 
little attention has been directed to any of the seed charac- 
teristics, although efforts are being made to produce varieties 
that have a low content of gossypol in the seed. 

In view of the values of cottonseed oil and of the cake, 
and the importance of cottonseed meal as a protein supplement 
for human diets, cotton producers should make separate eva- 
luations of lint and seed in selecting improved varieties. 
This is a proper function of officials who provide guidance 
to cotton growers. 

The concept of a one-variety community plan for each 
cotton growing region has become widely accepted in the last 
30 years, Under this plan, a single superior variety is 
grown in a cormnunity so as to maintain a uniformly good qua- 
lity of planting seed and fiber in the local market and to 
avoid mixtures with inferior kinds. When a newly proved 
variety has been determined to be superior, it should replace 
the older variety completely in one season. 

Mechanical de-linting of seed is frequently done at 
c:ottonseed crushing mills, to prepare seed for planting. 
'in one-variety communities, this facilitates distribution 
of approved seed and makes planting easier. 

Adaptation 

Mean temperatures of 25OC or above during the growing 
season are essential for cotton to grow and mature satisfac- 
torily, and extra-long staple (lint fiber) Egyptian varieties 
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require substantially longer warm seasons. The shorter sea- 
son varieties of upland types of cotton require 5 months 
for growing and maturation, and most other types, 6 months 
or longer. Cotton also requires fairly abundant soil mois- 
ture, particularly from blooming onward, and abundant sun- 
shine. A fairly uniform supply of moisture (rainfall or 
irrigation) during the fruiting period is necessary to pro- 
duce lint of good length and tensile strength; 90 cm of 
well-distributed water during the production season is a 
good average requirement for most soil types, and sandy soils 
require more. 

Cotton is grown successfully over a wide range of soil 
textures, from sandy to heavy clay soils and from moderately 
acid to alkaline soils. 
by cotton, 

Because of the heavy use of water 
soils that have good moisture-holding capacity 

and favor deep rooting of the crop are the more productive 
cotton soils. A shortage of soil moisture from blooming 
onward often results in dropping of 
of the remainder, with reduction in B 

oung bolls and stunting 

quality. 
0th yields and lint 

Ideally, cotton prefers occasional rains to replenish 
soil moisture, accompanied by an abundance of sunshine. 
Much cotton is grown in irrigated areas, where sunshine is 
plentiful and water can be supplied as needed. Water require 
ments for cotton are healpier than for most other crops, and 
this water consumption is particularly high in regions of 
low air humidity and high temperatures. 

Fertilizers 

Much of the world's cotton is grown with moderate to 
heavy applications of fertilizer. The crop has substantial 
requirements for all three of the major nutrient elements - 
nitrogen, phosphate, and potash. All of the phosphate and 
potash and at least one-third of the necessary nitrogen shoul 
be provided at planting time. The remaining nitrogen may 
be applied 2 or 3 months later. Application of nitrogen 
too late in the season can result in excessive vegetative 
growth and delayed maturity which can create harvest problems 
if rainy seasons follow. 

Fertilizers are most efficiently used to satisfy nutrien 
requirements of plants by placement in bai?ds below the seed. 
Mixing complete fertilizers through the soil mass or by broad 
casting on the surface, followed by tillage, nearly always 
results in much inactivation of the phosphate before the 
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plant can use it. This loss is prevented by band placement. 
A practical method for band placement of fertilizer is to 
open a shallow furrow, spread the fertilizer in the furrow, 
cover with about 5 cm of soil, place the seed thereon, and 
cover with about 3 cm of soil. Such placement of fertilizer 
also may be made by machine planters. 

It should be noted that fertilizers containing ordinary 
superphosphate also carry substantial amounts of calcium, 
magnesium, and sulfur. However, concentrated superphosphate 
contains little or no sulfur, and this element must be pro- 
vided from other sources if it is deficient in the soil. 

Field trials are needed in each major cotton growing 
region to determine the amounts and kinds of fertilizer to 
produce the most profitable crops. If such trials have not 
been made, it is suggested that the initial testing for fer- 
tilizer response supply about 500 kg per hectare of a ferti- 
lizer containing 5% nitrogen (N), 10% phosphate (P29) and 
5% potash (K 0) 
An additiona 1 

(equals 25 kg N, 50 kg P2O5 and 25 kg K20). 
25 kg of N should be applied as a side dressing 

to the growing crop when it is 2 to 3 months old. 

In many strongly weathered tropical and subtropical 
soils, plant growth is restricted by deficiencies in one 
or more of the "trace" elements - manganese, iron, copper, 
zinc, boron, and molybdenum. Correction of these deficien- 
cies may greatly increase response to'fertilizers. sues 
trace elements are required in very small amounts. Uilt il 
the necessary research has been done on major soil groups 
to determine specific deficiencies in trace elements, it 
may be practical to make applications of animal manures 
or composts which usually contain small amounts of the trace 
elements in available form. It is suggested that the dung 
or compost be spread with fertilizer in furrows, as described 
above., An alternate method would be to place the dung or 
compost in the bottom of a furrow during plowing, under the 
intended location of the crop row. 

Seedbed Prenaration 

All trash or crop residues should be removed or turned 
under in seedbed preparation,, The seedbed should be firm 
and mellow, Cotton is planted on ridges or beds in more 
humid regions, but level or furrow planting is customary 
in regions of moderate rainfall. 



- 266 - 

Planting 

Cotton seed is planted 3 to 5 cm deep, in rows 100 cm 
a art, with plant spacings of no more than about 30 cm in 
t Ii e row. This requires about 30 kg of seed per hectare. 
Single plant hills are now considered to be less desirable 
than formerly. Delinted seed is preferred because of more 
rapid germination. Seed treatment to control seed and seed-l 
ling diseases is usually desirable; such treatments should 
be locally recommended to insure protection and to comply 
with country regulations on use of poisonous materials. 

Wherever soil erosion and rainfall runoff losses are 
important, on sloping lands, rows should run on the contoursl 
or across the slopes to impede runoff. 

Weed Control 

Cotton is very intolerant of competition with weeds 
for water and nutrients. Weedashould be remo-- "ad while stilq 
small to provide weed control without damage to the cotton 
root system. Continued hoeing, pulling, or cultivation for 
weed colntrol should extend until near maturity. 

Disease Control 

Cotton in all growing regions benefits from two diseas c 
prevention measures: (1) planting disease-resistant varie-1 
ties, and (2) field sanitation. Sanitation includes crop 
rotation so that cotton is not planted on the same field 
in successive seasons; and prompt removal or turning under 
of all crop residues after crop harvest. These meawres 
reduce the amount of inoculum present that would cause di- 
seases to develop. 

Insect Pest Control 

Boll weevil (in North America), boll worm, and other 
insects that feed on leaves and bolls tend to become more 
serious with intensive cotton culture. Field sanitation 
is a prime requirement for reducing insect pests; the sarne.1 
measures recommended for prevention of plant diseases are 
useful in insect control. It is usually necessary to sup- 
plement preventive measures with applications of pesticide 
to combat specific insects as they appear. The treatments 
must be adjusted to the specific insects; and therefore, 
the local recomendations should be followed. 
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Harvest 

The best quality cotton is picked promptly when ripe, 
to avoid straining and rotting from exposure to rain. In 
regions where the harvest season is dry, picking practices 
should be adjusted to harvest ripe bolls before they drop 
on the ground, Prompt picking preserves the quality of both 
the fiber and the seed. The most serious hazards are damage 
by rain, boll rots, and losses from dropping on the ground. 
Losses in quality reduce crop value, even if the quantity 
appears unaffected. The crop should be ginned as soon as 
feasible to preserve the lint in bales. 

Cotton seed should be processed for oil extraction soon 
after ginning, to halt any deterioration from rotting or 
insect infestations. The seed saved for plantin 
be treated to control storage insect pests, in t !! 

should 
e same man- 

ner as other seeds or grains. 
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CHAPTER 34 

JUTE r/ 
(Corchorus capsulm and c. olitorius) 

Two botanical species of jute are grown for commercial 
production -- Corchorue ca sularfs and C olftorius 
most easily recognizable&e bet&en the two'ep%s 
is the seed pods. In C, ca sularis, white jute 
are globular, round, a;d r *n C, olitori;lsth~o~~? 
and daises, they are slender, quill-l!&e cylinder:, 
and otherwise smooth. 

ribbed, 
c. olitorius tends to be finer, stron 

er with more luster, but dirferences in fiber of the two 
species is influenced more by the growing, retting, and stri ping than by species. 

These two species of Corchorus are herbaceous annuals, 
wi.th stems reaching a height or 1% to 4% meters, 1 to 2 cm 
in diameter near the base, with branches only near the top 
when closely spaced for fiber production. 
alternate, oblong leaves, 

The plants have 
serrated at the edges with the 

two lower points prolonged into sharp teeth. The fiber is 
produced in the inner bark of the stems. 

Production and Use 

Jute is a well-known and widely used fiber, with the 
same common name in all West European languages. It has 
other common names in areas where it is grown. Production 
is centered largely in Bangladesh, India, and the Peoples 
Republic of China. Less important producers are Nepal, Burm 
Brazil, PeN, and Thailand. 
bags s 

The fiber is used mainly for 
carpet backing, bale wrapping, twine, and ropes, but 

has many other uses. Total commercia, production in 1971 
was 2.2 million metric tons. 

Jute is in direct competition with other natural fibers 
such as kenaf, and especially with synthetic fibers, as well 
as with bulk handling of commodities. In recent years, poly 
propylene fabric has made heavy inroads into uses of jute 
for carpet backing and bags. 

The main features that make jute second only to cotton 
among natural fibers are its long, readily spun fibers, the 
flexibility of this soft fiber and products as compared to 
hard fibers, 
material, 

its suitability as a packaging and carpet base 
and its relatively low cost. 

II Edited by Elton G. Nelson, Consultent (Fiberr). Office of 
Agriculture. Technical Assistance Bureau, 
national Development, Uerhington. D.C. 
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ICulture 

Jute thrives only in fertile soil where temperatues 
are high and rainfall is 20 cm or more each month of tile 
growing season. 
,tion. 

Rainfall may be supplemented with irriga- 
It requires about 5 months during the long-day part 

of the year to produce plants satisfactory for fiber. 

C. capsularis endures inundation, commonly experienced 
in the delta la= of the Ganges and Bramaputra rivers. 
This annual flooding leaves an enriching layer of sediment. 
However, if flooded too long, adventitious roots form on 
the stems, making the cleaning of the fiber more difficult. 
G. olitorius is grown only in higher areas not subject to 
rloamand requires manure or fertilizers to provide nu- 
trients necessary for good yields. 
may also be necessary. 

Supplemental irrigation 

Fields where jute is to be grown should be well tilled 
before planting, which usually occurs from March to June 
in Bangladesh and India. Seed is usually broadcast by hand 

a-rates of about:13 kg/ha, for the larger seeded white jute 
and about 9 kg/ha for tossa, Lower rates can be used if 

,planted in rows,, Seeds are small and should be covered no 
more than 1 cm. The seedlings are thinned and the fields 
are weeded after the plants become well established and pre- 
ferably before they reach a height af 30 cm. Equidistant 
spacing of about one plant per 250 square centiments, or 
35 plants per square meter is recommended under ideal growing 
conditions. On less productive lands, a somewhat thinner 
stand may be left, By planting in rows with a hand-pushed 
drill and weeding with a hand-pushed wheelhoe, seed rates 
can be halved and labor costs for sowing and weeding, which 
require some 42% of all labor from plowing to drying the 
fiber, can be reduced up to 60%. 

Harvesting 

AS the first flowers begin to fade, the plants should 
be cut near the ground, tied in bundles (then or later) and 
left in the field for 2 or 3 days until the leaves can be 
shaken off to supply organic matter for subsequent crops. 
If the plants are allowed to grow after the flowers fade, 
the fiber deteriorates. 

Seed is produced 
for fiber or on a 

in a part of the field left unharvested 
separate planting. Fiber is seldom saved 

from plants that have been used for seed production. The 
area to be saved for seed should be about l/20 the area to 
be planted for fiber and seed the following year. 
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Processing for Fiber 

The stalks of jute are retted in a stream or pool of 
water, in preparation for separating the marketable fiber 
from other stem parts. In Bangladesh and India, the retting 
water temper,ature in August and September is ideal for rapid 
bacterial action on the submerged stalks. Under such favor- 
able conditions, 
if stems are fine 

the retting takes 10 to 15 days, but longer 
and the water cool. After retting, the 

stalks are moved to shallow water for stripping fiber from 
the woody ;art of the stem. 
a few stems at a time and the 

This is usually done by hand, 
fiber washed in the stream 

or pool where it is retted. 
air drying. 

It is then hung on poles for 

The yield of processed and dried fibers may range from 
1.0 to 1.8 metric tons per hectare, depending on growing 
conditions; the dry fiber is about 5% by weight of the freshly 
harvested stalks. Percentage varies, 
(moisture content) and variety. 

depending on maturity 

In Bangladesh and India, the fiber is first sorted into 
three 09: four grades from-each locality, loosely baled (kutch bales), and moved either to local mills or to baling centers 
for preparing for export. Here, a few inches of the coarse 
butt ends are cut off, the fiber is carefully sorted, and 
baled into high-density (pwcca) bales for export. 

Commercial jute fiber contains about 60 to 65% cellulose 
(lower than flax, ramie or cotton), and a considerable amount 
of lignin (woody substance), 
less durable. 

which makes such jute fiber 
Despite this, jute is still used in greater 

quantity than any otner natural fiber except cotton. 

Diseases 

Jute is subject to severe attacks by a number of root 
and stem patho ens, principally fungi. Root-knot nematodes 
are also a rf ser ous problem in some areas. The principal 
control methods availatble are preventive in nature. Crop 
rotations in which jute alternates on the land with other 
crops not subject to the same disease are very effective 
where feasible. The use 05 disease-resistant varieties also 
is a very important control 33easure. 

Field sanitation also is important in reduction of ino- 
culum for new disease attacks. All crop residues should 
either be turned under or composted soon after harvest, par- 
ticularly where disease has been present. 
used to produce a subsequent 

Where land is 
cro 

chosen should of course be one ii 
in the same year, the crop 

jute diseases. 
t at is not susceptible to 

- I 



Insect Pests 

Jute is susceptible to a number of insect pests. The 
most damaging in major jute growing areas are the jute semi- 
looper (Anomis abalifera) and yellow mite (Hemitarsonemus 
latus). Iner areas, 
beproblem. 

those that attack kenat may also 

that may spread 
These include a striped, long-horned belrtle 

from certain weeds to the jute crop several 
species of cutworms and army worms that feed on leaces, 
aphids (sucking insects). 

and 

The preventive measures for disease control will also 
be effective 4 
jute. 

,.n reducing the numbers of the pests that attack 
For outbreaks of these pests (except cutwo:,ms) appli- 

cation of a general-purpose, broad spectrum insecticide dust 
such as malathion is effective, Where large area.s of the 

'crop are affected, growers may profitably consider group 
action for aerial dusting, which is much less expensive on 
a per-hectare basis than ground level, hand or machine ap- 

fplication, 

For cutworms and other soil-inhabiting pests, a persis- 
:tent pesticide such as toxaphene may be applied at planting 
'itime at the rate of 1 to 1.5 kg per hectare of technical 
;;grade material. ). ,'i 

Chronically destructive pests should be positively iden- ' 
:tbfied as to species, and treatments applied that are designed 
to combat that particular pest. Returns from a jute fiber 
crop may not be adequate to support an extensive insecticide 
'program. However, in some areas it may be found that seed 
can be produced only with such dusting or spraying. 
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CHARTER 35 

(Hibiscus cannabinus and g. sabdariffa) 

Kenaf (pronounced ken af) originally referred to Hibis- 
cus cannabinus only, but in recent years has also inclux 
rsabdariffa (fiber types frequently called H. sabdariffa 
Var. altlssima). These species are also knowi? as mesta, 
Bimlipatam jute or Bimli, roselle (especially for the shorter 
branched types with edible calyx), Siamese or Thai jute, 
Java jute, teal, gambo, stokroos, pepoula-de-sao-francisco, 
and by many other local names. 

The plants are single stemmed, one to four meters high 
when mature, with slender stems (8 to 25 mm at the base) 
that seldom branch when closely planted for fiber production. 
Different varieties range in stem color from green to red 
and purple. Both species have yellow or cream-colored flowers 
with scarlet or reddish-purple throats. Types with consi- 
derably different flower colors have been found in both specie 

H. cannabinus leaves may be either simple or palmate 
and are borne alternately on the stem. Basal leaves are 
always simple. The seed capsules are cylindrical and pube- 
scent, bearing 18 to 20 seeds per capsule. The seeds are 
grey in color and kidney shaped, and range 35 to 40 seeds 
per gram. 

H. sabdariffa has slightly more yellowish-colored flowers 
than R. cannabinus and the flowers are smaller. The leaves 
of alT types are palmate and deeply lobed (except basal leaves 
which are simple) and borne alternately on the stem. The 
seeds are dark brown in color and average about 60 per gram. 

Uses 

As a textile fiber, kenaf is frequently used with or 
in place of jute in the manufacture of bag fabric, twine, 
and carpet yarn; in countries where the cost of labor is 
'Low, kenaf has other domestic and handicraft uses. Spinners 
claim it cannot be spun to as fine numbers as jute; and even 
though it often has a better appearance, it brings a slightly 
lower price in the market. 

As a pulp fiber, kenaf has recently gained widespread 
attention. Its annual production per acre is higher than 

Edited by Elton G. Nelson, Consultant (Fibers), Office of 
Agricuiture, Technical AssLetence BureAu, Agency for Inter- 
national Development, Washington, D.C. 20523 
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ood pulp, but problems, especially root knot nematodes, 
ave delayed widespread acceptance. Products produced from 

ranging from writing paper to cardboard, meet esta- 
lished quality standards. 

P 

Kenaf is grown extensively in India, Thailand and the 
eoples Republic of China, and to a lesser extent in the 
SSR, Brazil, Bangladesh and Egypt. In addition there is 

small production in each of several other countries of the 
ar East, South Asia, Africa, and Latin America. The Food 

and Agriculture Organization of the U. N. reports some l,,l 
million metric tons of kenaf and allied fibers produced in 
1971-72 versus 2.2 million metric tons of jute. Thailand 
and Bangladesh export raw fiber; most of the other kenaf 
,is manufactured in the country where produced. 

,Adaptation 
“ " 
t Kenaf is best suited to tropical and subtropical cli- 
[hates. rep. It does not do well where night temperatures are 
fZbelow 18'C, H. sabdariffa requires a more tropical climate 
$#$nd is more &ought resistant than H. cannabinus Both have 
ka:much xider adaptation to soil and-climatic conditions than 
(@te. However, areas to be considered for kenaf should have 
idrainfall of at least 100 mm per month during the growing 
@eriod, with warm, uniform temperatures. 
&uccessfully under irrigation; 

Kenaf can be grown 

,,,and cotton are similar. 
water requirements for kenaf 

Although kenaf has much less rigid soil and climatic 
-requirements than jute, it responds actively to favorable 
conditions such as good soil, warm climate, plentiful water, 
and fertilizers. The amount of fertilizer should be adjusted 
to compensate for lack of fertility in the soil and should 
preferably be placed in bands below the depth of the seed 
in the row. If fertilizer requirements have not been esta- 
blished for kenaf, quantities and proportions of N, P, and 
K used for other crops can be adapted. Since growing the 
crop is not the most expensive part of producing the fiber, 
returns per unit of cost should be carefully worked out before 
general recommendations are made for high rates of application. 
However, it should be kept in mind that 50 metric tons per 
hectare crop of green plants removes the following nutrients: 
N - 175 kg, P2O5 - 30 kg, K20 - 85 kg. 
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Varieties 

Some of the better known varieties of H. cannabinus 
that require 100 to 125 days from planting Fo flowering 
during long days are Everglades 41 and 71, Cuba 108, and 
others developed where kenaf is being produced. Varieties 
maturing some 20 to 30 days later include Cuba 2032 and se- 
veral Guatemala selections. Most of the better known normal 
(loo-125 days) maturity varieties are highly photoperiod 
sensitive, and will grow to usable heights only during long 
days in areas more than about 10 degrees from the Equator, 
Some of the later maturity varieties are less photoperiod 
sensitive, 
the growing 

and are especially useful in greatly extending 
and harvesting season and in enabling production 

in areas where rainfall occurs only during short days. H. 
sabdariffa generally matures later than most of the H. canna- 
binus varieties. 

Diseases 

The most serious diseases attacking kenaf are largely 
fungal in nature, most of which are seed borne or soil borne. 
Control measures for the most part may consist of initial 
selection of disease-resistant varieties, seed treazment 
with organic or mercurial fungicides, and early harvest of 
affected areas. 

The most serious disease of H. cannabinus is caused 
by Colletotrichum hibisci. The disease is 
anthracnose or tip blight. 

We uently called 
Fortunately most o 8 the varieties 

in use today were selected for resistance to the then-existing 
strains of C. hibisci. However, a new .and virulent strain 
of the orgaiiism was recently reported in Kenya where some 
of the normally resistant strains were attacked. .H. sabdariff -m varieties are generally less susceptible to C-. hibrscl than 
H. cannabinus. 

Nematodes 

The most serious pest of H,. cannabinus is the root knot 
nematode Meloido . 
ties resistant to t ese nematodes the damage to the crop 

gyn; incognita acrita. There are no varie- 

can be serious. Planting on new land or on land that has 
had a crop not attacked by root knot nematodes appears to 
be the best method of control. Attacks on H, sabdariffa 
are much less serious and many varieties, egpeclally those 
from Indonesia, are highly resistant. 
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Insects 

Kenaf has several major insect pests, Among them is 
the small, black flea beetle of the family Cr somelidea 
found in Southeast Asia, New Guinea, and *f-tacks 
leaves and stems of mature kenaf, and is controlled by DDT 
which also controls a secondary pest -- the leaf hopper of 
the family Cicadellidae. 

The European corn borer, 
'hntrol h 
P ransta nubilalis, has heavily 

damaged kenaf plantings in Taiwan. been effected 
by planting corn around the kenaf as a trap c:zp. 

The cotton stainer larva, D sdercus suturellus, often 
attacks the immature seed capsu es o hnaf after ttle adult 
lays eggs on the capsule. The adult may be controlled with 
weekly sprayings of dieldrin, equivalent to 0.5 kg of 100% 
active ingredient per hectare as required. 

In Iran, the major pest attacking seed capsules is the 
larva of the spiny bollworm, Earias insulana, which may be 
controlled by spraying two orthree times at weekly inter- 
vals with sevin at the rate of 2 kg per ha. 

younsis gos?pii, the cotton aphid, somytimes attacks 
enaf an may be controlled by spraying with malathion 

: at the rate of 2 kg per hectare. 

Kenaf for fiber will not support an extensive spray 
program for either diseases or pests. 
likely to be advisable for a seed crop 

But spraying is iore 

a much smaller acreage than a crop for 
which is usually on 
fiber. 

Culture 

A well-prepared seedbed for kenaf - as with other crops 
is desirable. Kenaf can be broadcast or planted in drill 
rows. Seeding rates vary from 10 to 18 kg per hectare for 
H. sabdariffa and from 15 to 25 kg for H. cannabinus. The 
rower rates are recommended for less fertile soils and for 
plantings for row harvesters. Recommendations for row spac- 
ings vary from 20 cm to 45 cm for productif>n of spPr,nable 
fiber. Row spacings as wide as 90 cm have been used for 
paper production trials, but firmrecommendations have not 
yet been established. 

On a moist, well-prepared seedbed, kenaf germinates 
quickly and will shade or crowd out most .weeds. However, 
land that is known to be badly contaminated with weeds 
should not be planted to kenaf. 
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Harvesting 

Harvesting should begin soon after flowering starts. 
Plants will continue to grow after flowering starts but 
quality goes down and processing becomes more diffikult 
l& sabdariffa is frequently harvested before flowering &en 
though lower yields are obtained. Reasons for such early 
harvests are to enable the planting of a succeeding crop; 
or to allow the crop to be retted before the water is gone. 
Seed and fiber are not obtained from the same plants. 

Plants should be cut near the surface of the soil 
In many parts of the world, they are harvested with a hand 
sickle or machete and tied into bundles. A mower can be 
used,. but then the stalks must be gathered and tied by hand. 
Tractor-drawn binders have been developed that cut and tie 
the stems in one operation,, 

Preparation for Retting 

In many parts of the world where labor costs are low, 
the fiber of kenaf is i-T,moved from the stems by retting 
and hand stripping as has been practiced with jute for more 
than a century. If the crop is to be retted on the stems 
the bundles or the loose stems before tying are left in tie 
field until the leaves dry so that they can be shaken off 
and left on the soil as a source of organic matter. 
sionally, 

ocw- 

ribbons 
the bark containing the fiber is stripped off 

by hand and then retted either green or after it 
into 

has been dried and stored. 
is usually done, however, 

Hand stripping of unretted stems 
only when mechanical ribboning 

facilities are not available or in the case of a extreme 
shortage of water. 

Mechanized ribboning prior to retting is becoming in- 
creasingly popular, especially in countries recently start- 
ing to produce kenaf. Ribboning is done with a machine that 
has a rapidly revolving cylinder about 50 cm in diameter 
and 50 cm long with some half dozen beater blades running 
the length of it. As the stems are fed endways, they are 
held back by hand or by gripping rollers while the beaters 
knock out the wood and leave the ribbons. In the simpler 
machines, a few stems are fed in by hand about half way then 
withdrawn, and the other end is ribboned and removed. The 
ribboning operation is greatly expedited by a machine that 
takes a much larger bunch of stems all the way through and 
deposits the fiber at the other end. 
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Xetting and Washing 

The ribbons are then tied into bundles. The bundles 
of stems, or ribbons, are submerged in river, pool, or tank 
water and held under the surface for 7 to 30 days, depending 
on the temperature of the water, the age of the plants, and 
the number of retting organierne (bacteria) in the water. 
After the fiber is jerked off the stems by hand or a handful 
of retted ribbons are separated from the larger bundle, the 
fiber is washed by ewiehing it back and forth on the surface 
of the water; it is rung o\lt and hung up to dry. Machines 
for mechanical washing operations have been developed, but 
most of the fiber is washed by hand. 

Decortication or I]efiberin\L Drying and Baling 

A process, similar to mechanical ribboning is used for 
‘icleaning the fiber sufficiently for spinning without retting. 
iIn this operation, machines must be set with close clearances 
is0 that the scraping action is greatly increased. The re- 
[suiting decorticated fiber is coarsex’ and the losses are 
[much greater than with *retting. The process has been used 
&ommercially, but is not now being used extensively. 
&, 
B;, After the fiber is dried, it is sorted according to 
&&es -- which differ from country to country -- and baled 
&or shipm.ent to factories or the export market. 
i” “‘7: I;., ‘, ,*: ; ; Harvesting and handling methods for kenaf to be pulped 
*have not been established. It has been successfully har- 
vested by an ensilage harvester that cuts one row at a time, 
chops it into short lengths, and deposits the chopped material 
in a wagon following the harvester. Other methods are being 
considered. 

Seed Production 

Seed is not obtained from a plant harvested for fiber. 
Some farmers simply leave in the field about 5 percent of 
their fiber crop to be harvested later for seed. Others 
plant kenaf for seed production; this should be planted late 
in summer in order to prevent excessive stalk growth before 
the days are short enough to induce flowering if the crop 
is to be harvested by combine. A rate of about 10 to 12 kg 
per ha for H,. cannabinus and 8 to 10 kg per ha for H,. sab- 
dariffa is recommended. If seed is scarce as when a new I! 
variety is to be increased, planting about 1 seed per square : Ii 
meter will provide much larger rates of increase. Under good :j 
field conditions, yields of 500 kg/ha may be expected, al- 
though under ideal conditions, higher yield6 have been re- 
ported. 
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Seed should be harvested when several of the lower 
seed capsules have dried out, even though the plant may 
still be flowering. In the usual hand-harvesting proce- 
dure, the plant is cut off just below the lowest see.d- 
bearing capsule, tied loosely into bundles, and shocked 
to dry out for some two week8 before threshing. Many of 
the reen capsules ripen during this drying period, With 
smal f production and very bad weathe+ the seed topa may 
have to be dried under cover. \ 

Kenaf tops may be easily threshed with a Combine. 
However, in nary parts of the world they are threshed by 
beating the dried bundles with sticks and winnowing. In 
any case, the seed needs to be thoroughly dried some two 
weeks in the sun or by artificial heat before sacking and 
storing. Even when well dried before storage, germination 
falls rapidly in hot, humid climates. . 

Insects can quickly ruin kenaf seed. Therefore, seed 
needs to .be treated by an insecticide such as malathion or 
DDT before it is stored ,in a cool, dry place free from rats 
or other rodents. I 

For further information, see Dempsey, J. M., Ref. No. 

c 
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CHAPTER 36 

(Boehmeria nivea) 

Ramie, Boehmeria nivea, 
nettle family, Urticacea. 

is a stingless member of the 
Ramie fiber, also known as rhea 

fiber, is produced from the inner bark of the stems; crude 
ramie fiber (ribbons containing the fiber) has long been 
known as China grass and thus a well known product made from 
ramie is called grass linen. 

Production and Use 

In the orient,, ramie was a principal plant fiber before 
the introduction of cotton in 1300. It is still used in 
large quantities in China, where the growing and manufactur- 
ing, are believed to be mainly a cottage industry type opera- 
tion. ,Many efforts made during the current century to intro- 
duce ramie into tropical and subtropical regions have not 
been very successful. 
metril: tons in Brazil, 

By 1969, production had reached 7,000 

tons in Japan, 
3,000 tons in the Philippines, 3,500 

1,500 tons in South Korea, and 600 tons in 
Taiwan. 

Ramie stems are slender, 8 to 16 mm at the base; they 
may attain a height of 2 to 24 meters in 45 to 60 days in 
ideal growing conditions. The leaves are alternate, broad- 
ovate, coarsely toothed, with long petioles. The leaves are 
green on the top side with a felty-white undersurface. The 
flowers are small, greenish white, in clusters, and highly 
cross-pollinated. The seeds are dark brown, 
ovate and are produced in very large numbers, 

very small, 

Ramie fiber is the strongest of all plant fibers, has 
a silky luster, 
bleached), 

is a yellowish-cream color (pure white when 
and can rapidly take up and give off moisture, 

It has low elasticity and high resistance to shrinkage, abra- 
sion, and decay. It is suitable for household and apparel 
fabrics and for many specialized uses. When blended with 
wool in amounts as small as 25 percent, stretch and shrink 
of wool are largely controlled and wear is greatly improved. 
A blend of 35 percent polyester fiber produces a fabric that 
is comfortable in hot weather and has excellent crease resis- 
tance. Ramie fiber has been used successfully for suits, shirts,, 
underwear, household linens, ropes, twines, threads, sail cloth, 
impregnated canvas, and a considerable variety of industrial 

Edited by Elton C. Nelson, Consultant (Fibere;. Cffice of 
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products such as belting, upholstering wire rope centers, 
insulation for cables, firehose and for packing, especially 
the packing for propeller shaft stern bearing in ships. 
Currently, its more important uses are for shirts and suits 
(both alone and in blends) and for packing. Ramie leaves 
and tops-are palatable to 'livestock and are high in protein. 

Varieties 
I 

Many varieties of ramie are known to oriental growers, 
and a few are widely used because of the yield and quality 
of fiber, resistance to pests, end ease of harvest and 
processing: some of the better known varieties are Murakami, 
Miyazaki 112, Saikeiseishin, and Hakuri. Field testing of 
varieties is a highly desirable type of research for improv- 
ing production in an established area and for new areas. 

Adaptation- 
I 

Although ramie is a tropical plant, it is sufficiently 
tolerant of cooler (not cold) weather to be adapted to the 
subtropics as well. Ramie production should be located in 
regions of fairly high rainfall, although supplemental 
irrigation may sometimes be very helpful, especially in ex- 
tending the growing season. 

Ramie prefers a deep, well-drained soil, not excessively 
acid and abundantly supplied with soil nutrients. Since 
each cutting of stems (2 to 6 per year) often amounts to 40 
metric tons per hectare of green material, the drain on soil 
nutrients is very high. To avoid curtailment of growth, heav 
fertilization is necessary. Deep alluvial soils have an 
advantage in high native fertility, but even these soils will 
be depleted by continued cropping unless adequately fertilize 
Fields of ramie may remain productive for 10 years or more 
from the initial planting if adequately fertilized. 

Culture 

Ramie, a perennial, is propagated by stem cuttings, laye 
ing, division of parent root stalks or rhizome cutting IO to 
15 cm long. Rhizome cutting is the preferred method. The 
field to be planted should be plowed 15-20 cm deep, and ai1 
initial application of complete fertilizer (400 kg/ha of a 
lo-lo-16 analysis) placed in a band under the intended positi 
of the row. The phosphate component of the fertilizer is 
particularly important, since this nutrient is not effective 
applied as a surface treatment, and th.6 initial supply must 
sustain the plants over a period of years. Surface applicat 
of fertilizers fairly high in nitrogen and potash should be 



made after each cutting of stems is harvested to maintain 
prc,ductivity. 

Suckers art: planted in rows 100 to 120 cm apart, with 
individual plants spaced 30 to 60 cm apart. 
ings will give a quicker stand. 

Closer plant- 
Tillage is required only 

to the extent of controlling weeds until a stand is estab- 
lished. The first crop of stems is produced some 9 to 10 
months after planting, and successive crops are harvested 
in 45 to 90 days thereafter in the true tropics where rain- 
fall is not limiting. 
days, 

Slower growth occurs during shorter 
even near the Equator. In the subtropics where a 

cool season retards growth, or in the wet-dry tropics, 
there may be only two or three harvests yearly. Usually, 
the stems from which fiber is taken are relatively herbac- 
eous and unlignified when harvested. 

Diseases 

Ramie is remarkably free from disease but the white 
fungus disease, Rosellina nectatries, has occasionally 
caused severe damage to plantings in Japan and South V?.etnam. 
It attacks underground and symptoms, often delayed, are 
plant wilt and yellow leaves. In new plantings some control 
has been obtained by soaking three hours in a 1:lOOO solu- 
tion of mercuric chloride just before planting. Leaf spots 
and stem lesions appear to be of minor importance, doubt- 
less curtailed by periodic harvests that eliminate suscep- 
tible tissues. There are a number of disease organisms 
other than the above, but none are reported to be of epidemic 
proportions. 

Insect Pests 

The most serious and widespread pest of ramie is the 
leaf roller, (Pilicorsis ramentalis). The developing larvae, 
whitish-green in color, up to 10 mm in length, feed and 
pupate in the leaves that they have caused to roll up. Heavy 
infestations have caused complete defoliation and cessation 
of growth. Good control has been obtained by use of 12 kg 
per ha of 5 percent impregnated DDT dust. 

Other insect pests that are present in ramie fields 
seldom have been reported to be sufficiently serious to invoke 
control campaigns. This fortunate situation may not con- 
tinue where ramie is grown more extensively. 
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Iizrvesting 

Most ramie is harvested by hand and much of it (in China) 
is still stripped by hand with blunt knives. Small, hand-fed 
decorticating machines are being used more extensively. They 
have many advantages over the large stationary raspador or 
primitive hand methods. The small machines are convenient, 
small investment is required, 
small-holder operations. 

and they are more adaptable to 
The large decorticator, or raspador, 

used for sisal and abaca is more efficient for a plantation 
operation, but it would need 800 to 1,200 adjacent hectares 
to keep the machines operating. . 

Yields of dry ribuons from field harvest amount to about 
5 percent or less of the green stem weight, and the completely 
processed fiber (degummed) is about one half to two thirds of 
the dry ribbon weight, depending on the quality of the ribbons) 

Processin_g 

Unlike most other bast fibers, the fiber of ramfe is not 
separated from other plant components by rettings, but by 
decortication, drying and degumming. Usually, the fiber 
strands -- called China grass -- produced by decorticating 
machines are dried and sorted into grades. 
nary softening, 

After a prelimi- 
the fibers are degummed by cooking them in 

an alkaline buffered solution. 
tank, or in an 'Xpen kettle" 

This may be done in a pressure 
for a much longer time. The 

degummed fibers are washed with soft water and neutralized 
with weak acid. The most efficient method has been to degum 
(in pressure tank) the fiber cut to short (7.5 cm) lengths, 
In open kettle degumming the fiber is frequently handled in 
long hanks. It is obvious that degumming requires a factory- 
type operation, and that the availability of such an operation 
is indispensable to successful ramie culture. Decortication 
can be done with small machines in the field, but chemical 
degumming requires a centralized operation. 

For additional information see Dempsey, J. M,, Ref. No. 6 
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CHAPTER 37 

ABACA, MANILA HEMP i/ 
(Muss te3ctiU.s) 

Abaca or Manila hemp CM_. textilis) is a large perennial 
herbaceous plant, resembling the banana, often reaching 
6 meters at maturity, The stalk or pseudostem is actually 
made up of overlappin large leaf sheathe. The blades of 
exposed leaves are ob ong and entfre, tending to split trans- f 
versely with age under wind stress*:so Xature leaf blades 
are 100 to 200 cm long by 20 to 30 cm wi.&; the petiole 
is 50 to 70 cm long. The true stem, bcrne under round, is 
a rhizome with many buds (eyes) that produce til f ers (shoots, 
suckers), appearing intermittently around the base of esta- 
blished plants. The inflorescence is a short drooping spike. 
The inedible fruit is 5 to 10 cm long, three-angled, curved, 
and seedy. 

Production and Use 

Abaca is a leading hard fiber crop used for marine 
cordage chiefly because it is one of the few natural fibers 
known which will withstand prolonged exposure to salt water. 
However, it has declined in world production since the mid- 

.1950's as a result of strong competition from synthetic 
fibers. World production averaged 128,000 metric tons in 
1951-55, but had dropped to 76,600 by 1972. 

In 1972, the Philippines produced 73,000 metric tons 
of abaca fiber (96 percent of the world total). Ecuador 
is the only other country that produces more than 2,000 metric 
tons, Perhaps more important than volume of product-t,on is 
the fact that in the early 1960's, some 3 million smallholders 
were engaged in the crop's cuitivation. It forms a ieading 
cash crop for small diversified farms, rather than being 
a plantation industry. However, the crop is equally adapt- 
able to small-farm and large-scale plantations. ' 

The abaca fiber is produced from the pseudostem of the 
plant, yielding 1.5 to 4 percent dry fiber in the fresh stem. 
The fiber as prepared for market is composed of strands 2 
meters or greater in length. It is very strong, light, and 
tends to be coarse and stiff; its principal use is for ropes 
and for pulp for mimeograph mats, air filters, tea bags, 
and sausage casings. Its use for pulp is increasing while 
its cordage uses are decreasing as a result of manmade fiber's 
popularity. 

r/ Edited by Elton G. Nelson, Consultant (Fibers), Office of 
Agriculture, Technical Assistance Bureau, A ency far Inter- 
national Development, Washington. D.C. 2052 % 



Varieties 

There are many varieties of abaca, but only a few are 
grown extensively. 
lanon, 

Three are best known - Tangongon, Bungu- 
and Maguindanao. Abaca belongs to a group of Musa ; 

species with 10 as the basic number of chromosomes, inn- 
. trast to 11 chromosomea,for true banana. None of the 11 

chromosome species approach abaca in tensile strength of 
fiber. 

Adaptation 

Abaca requires a hoL, continuously moist climate.' It 
is most successful in tropical lowlands with an annual mean 
temperature of about 27'C, a mean annual rainfall of at least 
2,500 mm, and no dry season, The most important abaca region{ 
of the Philippines average about 3,000 mm of rain per year. 
Like the banana, abaca grows best at elevations below 500 
meters, but is planted at elevations up to 1,000 meters. 

Abaca requires deep, 
and fertile, 

heavy soil that is well drained 
It grows best on soils of volcanic or alluvial 

origin, but doea well aiso on loams with these characteristic, 
Good drainage is essential, but both the surface soil and 
subsoil must have structure to ensure good retention of mois- 
ture. The plants are shallow rooted, and the crop is com- 
pletely dependent on the fertility of the upper 60 cm of 
soil. For. higher production, manure and fertilizers (par- 
ticularly phosphates) are incorporated in the soil befbre 
new plants are started; and periodic topdressings of manure 
and of nitrogen and potash fertilizers are made to corn ensate 
for the heavy drain on nutrients made by harvests of t K e 
tremendous volume of leaf stalks removed for fiber production 

Culture 

New plantings of abaca are made either with suckers 
taken from established plants or pieces or "bits" of the 
rhizome on mature plants, "bits" are cleaned 
by cutting off roots, 

The planting 
and should be treated to kill insect 

pests and certain disease organisms, then immediately planted 
in holes previously prepared,, The spacing of new plants 
varies with soil types and fertility, but is generally 2% 
to 43;; meters apart in each direction, Fields require weeding 
or cultivation until heavy shade of the abaca leaves prevent 
weed growth. 

The first cutting of full-grown leaf stalks may be made 
1% to 2 years after planting. At this time, the mat consists 
of 10 to 30 stalks in various stages of development. Abaca 

+. 



stalks are ready to harvest a little before the flower bud 
appears 
Later, 

-- that is, with the emergence of the "flag" leaf, 
as these leafstalks continue to grow on each plant 

or mat, harvest of mature stalks may be made at about 4- 
month intervals. On fertile, well-maintained n,oils abaca 
fields may remain productive for IO to 15 year;. Without 
periodic fertilization, yields diminish rapidly. 

Yields of processed fiber range from 300 to more than 
1,000 kg per hectare annually. Exceptional yields of more 
than 3,000 kg/ha have been reported. Since the fiber saved 
makes up only 1.5 to 2.0 percent of the fresh weight of the 
harvested stalks, (with hand or spindle stripping), it is 
obvious that enormous quantities of green matter are removed, 
with the nutrients taken up from the soil. 

Chapter 26, Bananas and Plantains, has additional in- 
formation on culture, diseases and pests of Musa spp. .- 

Diseases 

The three most serious diseases of abaca are bunchy 
top I mosaic, and vascular wilt. Bunchy top is a virus 
spread by the banana aphid (Pentalonia ni ronervosa) and by 
P. caladii. Mosaic disease is also a virus an Aspread 
Ey fourfferent species of aphids (Aphis gossypii, A,, 

m!%%i?~ i$i$%i%u~iistj '-$-the 
organism that caused the Panama disease of bananas, but 
goes only to certain banana varieties. 
of abaca is resistant. 

The Tangongon variety 
Other diseases occur on abaca, but 

generally have not caused widespread damage. 

Virus diseases have been controlled by cutting and re- 
moving the infected plants as soon as symptoms occur, and 
by using planting material only from healthy plants. 

Vascular wilt which lives indefinitely in the soil can 
be carried in runoff water or by soil being moved about in 
the field on machines or on the fset of men. It is therefore 
extremely difficult to control except by resistant varieties. 
It can be partially controlled by destroying diseased plants, 
if only a few are noted, and by planting only on soil where 
abaca or bananas have not been planted. 

Pests 

For soil-infesting insects, and those attacking below 
the soil surface, applications of toxaphene or dieldrin may 
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give pxdal to satisfactory control, However, the occur- 
rence of such insects will be redticed by making new plantings 
on land that has not grown abaca or banana for at least two 
years, If soil-infesting insects are suspected, an applica- 
tion of toxaphene at the rate of 1.5 kg of technical grade 
toxaphene per hectare, 
fective. 

worked into the soil, is usually ef- 

Processing .I 

The small farmer usually processes the stalks into fh- 
ber by separating the outer layers of each leaf sheath into 
strips, called tuxies, 5 to 8 cm wide. The inner part of 
the leaf sheath is discarded in the field. These tuxies 
are pulled by hand, one end at a time, through a simplified 
stripper consisting of a finely serrated (or smooth) knife- 
blade against a block of wood. A similar operation called' 
"spindle stripping" is done by wrapping the end of the tuxie 
around a rapidly turning spindle t,ir help pull it under the 
knife. The other end is then cleaned in a similar manner. 
As the tuxies are pulled through, the blade being pressed 
against the block by a spring pole, the nonfibrous pu.lp is 
scraped away in one pass under the blade. 

The fibers are roughly sorted into four or five differ- 
ent color groups, from dark to light, as they are stripped. 
Fibers from the outside leaf sheaths are brownish in color,' 
those near the outside are light-brownish yellow and become 
progressively lighter in color, finer, and weaker toward.- 
the inner part of the pseudostem, After drying in the sun, 
the fiber is moved to a warehouse, sorted into grade@, and 
baled fo-r marketing, 

Some 5 grades of hand- and spindle-stripped abaca fiber 
are recognized in the,Phili pines, 
for Davao (spindle stripped P 

each:w&tk a subdivision 
'and all-other (hand stripped). 

In addition, four gradesof deco.(deeortLcated), p-1,antation 
'processed fiber dre recognized. 

Although most former abaca plantations are now producin 
other crops, they are potentially .f;mportant in abaca produc- 
tion. Qn plantations, fiber is usually cleaned with machines 
called raspidors or decorticators. In this method of clean- 
ing, stems are cut into sections about 180 cm long, split. 
into four pieces or crushed, and fed sidewise into the machi 
(More information on decorting machines is given in sections 
on Ramie and on sisal.) Most of these plantstions use aprom 
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conveyor driers and bruahing machines that further cleaned 
and softened the fiber after drying, Yields of dry fiber 
usually run about 4 percent of the fresh stem weight, much 
higher than with hand- or spindle-stripping. 

The decorticators have very high capacity, but each 
decorticator requires some 800 to 1,200 adjacent hectares 
for efficient use of equipment, 

For further information, 8ee R. H, Kirby, Ref. No, 12 
and B. Ii. Robinson, Ref. No. 20, 
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CHAPTER 38 

SISAL, -HENEQUEN AND RELATED HARD FIBERS 3.1 

Sisal and Henequen 

Sissl ( 
are similar 

sisalma) zmi henequen (A. fsurero des) 
era1 appearance and use.- S 3X-T&O- sa 

bust, almost trunkless herb which has a total height: of 1 
to 3 meters during the growth stages prior to ultimate 
blooming at 6 to 8 years of age. The leaves are borne in 
a broad basal rosette. Esch leaf is thick, succulent and 
smooth, sessile, dark to bright greei?, 100 - 200 crii long, 
and 10 to 15 cm wide. The hardened leaf mar$;ins ;tre smooth, 
or occasionally have minute spines, and each leaf has a 
terminal spike 1 to 3 cm long. When the plai:t blooms, the 
central inflorescence spike, commonly termed the "pole", 
elongates rapidly at the rate of 20 - 30 cm r)er day, reaching 
a height of 3 to 6 meters. The flowe-.3 are nvqerous, 4 to 
6 cm across with a funnel-shaped corolla, b:it rarely produce 
szed. Instead, aerial buds in the inflorescence produce 
numerous vegetative bulbils that are complete young plants 
which can be removed and planted. 
for sisal are in Brazil and Africa. 

Principal producing areas 

Henequen differs from sisal in that its leaves are grey 
green and have marginal spines. Also, henequen has slower 
growth than sisal and a life cycle of 15 to 20 years. Its 
production is essentially limited to Mexico, in the states 
of Yucatan and Campeche, and in Cuba and El Salvador. The 
fiber is similar to sisal in appearance but slightly lighter ' 
in color and somewhat weaker. 

Production and Use 

World production of fiber (including tow) from the two 
species, sisal and henequen, averaged 780,000 metric tons 
per year from 1966 through 1972. Major producers in 1972 
were Brazil, Tanzania, Mexico, Angola, and Kenya. Other 
countries producing more thari 10,000 tons were Malagasy 
Republic, Mozambique, Venezuela, Haiti, and Cuba, Mexican 
and Cuban production is henequen only. 

The hard fiber of sisal and henequen is long, bold, 
creamy white, and strong, It is also coarse and thus not 
suited for uses where fineness and texture are important. 
The fiber is used extensively to make agricultural and par- 
celling twines and ropes in addition to sacking (for local 

Lf Edited by Elton G. Nelson, Consultant (Fibers), Office of 
Agriculture. Technical Assistance Bureau, A ency for Intel- 
national Development, Washington. D.C. 2052 f 
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use), carpets, and upholstery padding. More than half of 
all sisal and henequen is used for harvest twine, 

The use of sisal and henequen for tying twines for lum- 
ber, newspapers, heavy spare parts for machinery, etc,, is 
widespread, but these uses have diminished somewhat with 
the advent of plastic twine and other tying and bundling 
materials, The use of sisal fiber for upholstery padding 
likewise has diminished as the result of synthetic products 
serving the same purposes, but have held theij: place better 
than some co?r~ie;s products. 

Sisal and heneqden fiber is consosed of78% of a corn lex 
substance termed lignocelluloae (cellulose and 
8% lignin, 2% waxes, and 12% other (including l..ash). These % 

entosans !i B 

percentages are approximate and will vary from sample to 
sample, 

Prices 

Prices for sisal (and henequen which usually brings 
about 80% of the sisal price) have fluctuated widely during 
the past 25 years. During periods of scarcity, such as in 
1951 during the Korean War and again in 1373, prices reached 
levels at which the product lost ground to synthetics, During 
the late 1960's and early 1970's on the other hand, prices 
were so low that many fields were not replanted, At those 
low prices, only the most efficient producer could make a 
profit. 

The future price of the fiber will depend largely on 
the price and availability of polypropylene (or possibly 
another s-ynthetic fiber). With such a hlbgh percentage of 
the fiber going into twine -- a product for which adequate 
strength is about the only requirement -- buyers are likely 
to use the twine that sells at the lowest price per unit 
of us-e. 

Adaptation 

Sisal and henequen are, of course,, both hot weather 
crops. Sisal thrives where rainfall is only moderate or 
the wet-dry seasonal sequence is pronounced. The plants 
are drought resistant. However, well-distributed rainfall, 
with only moderate air humidity, anci a short dry season fa- 
vor continuous leaf rowth that permits frequent harvests 
with higher quality f iber. 

Henequen is even more tolerant of drought and does not 
do as well as sisal in high rainfall areas. 
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acid,, 
The plants thrive in shallow, rocky soils that are not 

They are mole productive on fertile soils, since the 
repeated removal of leaves causes a severe drain on soil 
nutrients, 
lizers 

particularly those supplied by commercial ferti- 
-LI nitrogen, phosphate, and potash. 

planting should flourish for 6 to 8 years 
Since a single 

longer with henequen), 
%n most cases (muc 

lfke period. High soil 
fertility must be sustained for a 

fertility and adequate rainfall 
to reduce the percentage of fiber in the leaves, but the 

tend 

increase in numbers of leaves harvested per year and their 
size more than compensates for lower percentage of usable 
fiber in the leaf. The total number of leaves produced duri 
the life of the plant is not greatly affected by fertility m - _- - and rate of growth. 
leaves. 

Fertile soils, of course, produce larger 

Culture 

Land is generally fitted for planting by removal of 
all existing vegetation, and sometimes by clean fallowing 
for a year to kill all weeds and volunteer growth of native 
vegetation. 

Henequen is frequently planted on rooky land where only 
the brush and trees are removed before planting. 

Planting material is either bulbils or basal suckers.' 
Suckers can be dug and planted dfrectly, and bulbils must 
be grown in a nursery for a year or so before being set in 
the field. Generally, plants grown from bulbils produce 
more fiber than plants from suckers. The nursery soil shoul 
be fertile and well drained. Supplemental irrigation of 
the nursery map be required during the dry season to insure 
development of strong plants. 

Fields for commercial plantings should be fertilized 
as needed to supplement native fertility under the rainfall 
conditions expected. Nitrogen and potash may be replenished, 
during the 12fetime growth of a crop by sidedressings at I 
the onset of rains; but phosphates must be almost wholly 
provided by a single application before planting. Although 
the amount of planting fertilizer must be determined by fielc 
trials, it is suggested that a basic application consist 
of 500 kg per hectare of a 10-10-10 analysis fertilizer. 
This fertilizer should be banded and placed below the intend{ 
row, with 5 to 8 cm of soil between the band and the root 
depth of the transplants. In the absence of special machine 
fertilizer distribution for placement of fertilizer bands, 
a practical method would be to (1) open a shallow furrow 
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(30 cm deep), (2) place fertilizer band in the bottarn, (3) 
cover with 5 to 8 cm of soil, (4) set plants and pull in 
soil from the sides of the furrow to completely cover plant 
roots * This will more nearly insure adequate nutrition and 
strong growth of the transplants, In more humid areas lime 
is frequently require<?, 

Plantinq 

A widely used planting pattern is a series of double 
rD'w's 0,8 to 1 meter apart, with a 3.5 - 4 meter avenue be- 
tween each pair to allow future access for harvest and haul- 
ing leaves. Plants are spaced .0.8 to 1 meter apart in the 
rows, depending on soil fertility and climatic conditions, 

A green manure crop is sometimes ;rown between rows 
of young plantings, to be incorporated into the soil at a 
later date if the land is no;%;;0 rocky to aflow the green 
manure to be turned under. is imnractical also in a- 
reas where there is insuff&nt rainfill to meet both the 
needs of the young fiber crop and the green manure. However, 
a green manure crop may offer some desirable competition 
with annual weeds. 

Diseases 

Sisal and henequen have fewer problems with diseases 
than most crops do. Disease symptoms are often caused by 
nutrient deficiencies. In higher rainfall areas particularly, 
plants are subject to leaf spots. Other diseases are bole 
rot and zebra disease, but neither has been reported as epi- 
demic,, 

Insect Pests 

One of the few insect pests that attack sisal is the 
bole weevil, which produces two kinds of damage -- puncture 
feeding on soft tissues of the leaves by the adult and feed- 
ing by the larvae on the young unfurled leaves in the rowing 
spike. The latter is more serious. Aidrin and dieldr n f 
insecticides that are persistent in the soil have generally 
given adequate control, whether applied as spray or dust; 
However, the weevil is not widespread, and only the younger 
plants appear to be seriously damaged. 

Harvesting 

When plantings are grown on fertile soil without severe 
or prolonged drought, the first harvest of the basal leaves 
may be made about 2 or 3 years after planting sisal and four 



to six years nfter lllanting henequen. 
should be deferred .Ifor a lonp?r period. 

Less vigorous stands 

as soon a; i?.ants zi:e large c :_ 
Cutting may begi- 

.yh to save about 20 :o 25 
crown lea?)38 on each plant Lxx&r narvest, 
repeated .:.;t 6, 9, or 12 months; 

Cuttings may be 
in e:;ch n-ase allowing about 

20 to 25 '!-eaves uncut for further plant growth. A useful 
guide is EC save all leaves that are growing out of the 
of the bcle forming the crown, and harvest the leaves at 

top 

an angle 02 about 80 degrees or more from verticle. Over- 
cutting Eeriously reduces yields. 

The cut leaves are tied in bundles and transported to 
the factory center for decortication. Decortication should 
be completed within 24 hours after cutting to avoid dcteri- 
aration of the fiber. 

Decortication, M“ash<ng, DryinK 

The most common method of separating the fiber from 
the leaf is by means of a raspador decorticator, This ma- 
chine is basically comprised of a small, covered, rotary 
drum equipped with 8 to 12 blunt blades and an adjustable 
breastplate, Decortication is accomplished by a man who 
hand-feeds single leaves halfway into the machine between 
zhe rotating drum and breastplate while grasping one end 
of the leaf, The leaf is then withdrawn from the unit and 
reversed to clean the second half while the feeder holds 
the cleaned fiber portion. Such a decorticator will produce 
135 to 180 kg of fiber per day when fresh leaves are provided 
and the waste is taken away by others. These machines nor- 
mally work in the field near where the sisal is grown. 

A central plant decorticator is also used extensively, 
Its cleanin 
it is much f 

principle is the same as described above, but 
arger and requires large amounts of water flowing 

over the fiber as it is decorticated, The water lubricates 
the rapid decortication action and carries away the was"l,: 
material from the machine. The leaves are fed in a layer 
that is gripped between link belts or ropes that hold the%) 
while they pass through the first unit of the decorticator, 
The cleaned fiber is then transferred to another belt that 
ci;rries the leaves through a second unit that cleans the 
other end of the leaves. The capacity of one of these 'barge 
decorticators is about 300 to 600 kg of dried fiber per hour. 

The fiber is usually sun-dried on poles or galvanized 
wires. After drying, the fiber is sometimes beaten slightly 
(brushed) with a machine to soften, separate, and further 
clean the fiber strands. 



Each country grade- V-s fj.ber aczding to its own 
;tandards by length, co%o; , and cltia;,liness, The fiber is 
:hen tightly baled for ~,;ipmen,t. 

Ax- . L. . increasing psz ;lton of the rf'ner LS Eeing misx- 
Factured in the country where it is produced. Mexico, for 
example, exports essentially no spinnable fiber, but exports 
:wine and rope. 

Related Hard Fibers 

Cantala (A ave car&ala) is si;nilar in structure to 
sisal, but the p ant-y produce flower stalks. + They 
)ear many basal suckers, which are the principal means of 
zopagating the plant. Centala is shorter lived than 
;isal, but this is influenced by soil fertility and climate. 
Che crop is grown mainly in the Philippines, but also in 
lava, Malaysia, and India. Cantala fiber is not as strong 
1s henequen. 

Mauritius hemp (Furcraea pligantea) also resembles sisal, 
)ut its leaves are bluish green, narrower and considerably 
Longer; also, they are slightly concave on the upper surface, 
2nd ending in a correaceous terminal tip only about 3 mm 
Long. There are morphological differences in the flowers. 
seed is rarely produced, and propagation is by means of bul- 
oils that are produced in abundance. The crop is grown mkinly 
in Costa fiica, where it is called cabuya, and in Mauritius, 
rhe fiber is weaker than henequen. 

Salvador henequen (&ave latonae) is quite similar to 
-henequen and some botanists sam the same species. 
The leaves are bluish, glaucous with marginal prickles, 
Zt is propagated by suckers, and is grown principally in 
El Salvador. 

Por further tnformation, see G. W. Lock, Ref. NO. 14. 
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CRAPTER 39 

PYRETHRUM L/ 

(Chrysanthaum cinerariaefolium -- 
andg. coccineum) 

Geographic Distribution 

The principle use of pyrethrum is as an insecticide. 
This use appears to have originated in the transcaucasus 
region of Iran, Turkey and USSR around 1800 A.D., as a flea 
ad louse powder (Persian insect powder). The publication 
in 1850 of the hitherto secret nature of this insecticide 
resulted in worldwide interest in production of pyrethrum, 
Dalm.ztia, on the Adriatic coast of (present day) Yugoslavia, 
was a principal supplier up to about 1920, when Japan became 
the leading producer. The industry began to flourish in 
the highlands of Kenya about 1932; and that country became 
a principal supplier around 1940. Pyrethrum is currently 
produced at higher altitudes in tropical regions -- East 
Africa, Zaire, Brazil, and the tropical Andean countries, 
as well as in the original transcaucasus region and in 
Yugoslavia. Efforts made to establish centers of production 
in the U.S. (Colorado, California) were successful as far. 
as production was concerned, but the harvest of flowers has 
not been satisfactorily mechanized, Commercial production 
will doubtless continue to be concentrated in regions with 
abundant hand labor that is required for harvest of flowers 
at the stage when their pyrethrin content is highest. 
Pyrethrrim is most successful in sections that are free from 
frosts during the rowing season,, and not subjected to se- 
vere cold during t a e dormant period. 

Uses 

The active insecticidal ingredients of pyrethrum are 
found in greatest concentration in two species of the genus 
Chrysanthemum -- C. cinerariaefolium and 6. coccinettm_; I_- 
although present in other species. The SiElly opesflower 
heads contain the majority of the active constituents; the 
stems having only l/10 as much. The developing seeds (achenes 
carrv about 90% of the total in the flower head. The active 
consiituents are 
chemically 
II, cinerin I, and cinerin II. 
unstable In the presence of light, moisture and air. Ground 
flowers or dusts-decompose morg rapidly than whole dried 
flowers, There are differences in pyrethrin content of 

Edited by Quentin Jones, Staff Scientist (Plant Introduction 
and Narcotics). National Program Staff, Agricultural Research 
Service, U.S. DepaqaUZnt of Agriculture, Eeltsville, Maryland20705 
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&lied flowers, due to the strain or variety, to the region 
w,Iere grown, to the cultural practices used, and to the 
harvesting and drying procedures. Selected strains in 
Kenya are reported to yield 3% pyrethrin in dried flowers, 
but the average is about 1.3%. 
average 1,0X, 

Commercial Japanese flowers 
and Dalmatian flowers 0.1%. 

Pyrethrins are extracted from the dried flowers by 
suitable chemicai solvents, and purified to prodi;ce the 
concentrates used in sprays and dusts. These concentrates 
zre combined with synergists or activators, using ratios 
zf 5 to 20 parts of synergist to 1 art of the pyrethrin 
toxicant. The activators enhance t.e insecticidal activity F 
by 3 to 5 times against flies, and 100 times against the 
louse, while retaining their harmlessness to all mammals, 
including man,, The activators tend to stabilize the pyrc- 
thrins against the action of light and air, so that longer 
residual action is obtained from the insecticides. 

Pyrethrum products are commonly applied as oil - or 
water-based sprays, or as dusts containing appropriate clay 
or talc carriers. Pyrethrum is used for four major purposes; 
(1) as household insecticides because of their rapi,d para- 
lytic activity against flies, mosquitos, cockroaches, lice, 
bed bugs, etc., snd their very low toxicity to man and other 
mammals, (2) as livestock or cattle sprays to protect against 
biting flies, (3) as sprays for milis, warehouses, grain 
in storage, etc., as protection against stored products 
insects, and (4) as dusts and sprays on vegetables and fruits. 
Their very low mammaliar toxicity makes them useful for 
application to these food crops to control insects, shortly 
before harvest, The principal limitations in use2 of py- 
rethrum insecticides are their relatively high cost, their 
rapid deterioration after application, and the difficulty 
of keeping the stored concentrates for more than one season. 

The continued usefulness of pyrethrum in competition 
with the wide range of synthetic insecticides, its relatively 
high value as a cash crop where sultable climatic conditions 
prevail, and the importance of adequate hand labor for ha;r- 
vest and dryiag, give this cash crop significance in farming 
systems for small land holders in developing tropical and 
subtropical regions. 

Description 

Commercial pyrethrum species are perennial herbs, with 
erect growth, each plant producing a clump 15-30 cm in dia- 
meter, of very green pinnate foliage and sending up simple 
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or sparingly forked stems, 30 to 60 cm tall, ea& stem bear- 
ing heads about 4 cm across. The ray flowers are white in 
C, cinerariaefolium, and white, pink or red in C. coccineum. 
The former I%aved to be Dalmatian in origi?i, and the 
lti:trr epecie~ Le attributed to the transcaucaeus region. 
TIW flower type is rsXmFlaw to the horticultural form termed 
"painted daisy"' or "ox-eye daisy". The flower head is 
radiate, having tubular flowers on the central disc and 
ray flowers at the margin of the head. The flowers are 
predominantly cross-pollinated; each fioret producing a 
singie seed (achenej, resembling a small sunflower seed. 
The pyrethrins are concentrated primarily in the developing 
achenes of the young fiower heads and are reported to have 
the greatest content when the disc florets are cne-half 
to three-quarters open- 

Adaptation 

The commercial pyrethrum species are.adapted to regions 
of moderate rainfall. In the tropics, pyrethrum is grown 
most successfully at altitudes above 1600 meters. The crop 
tolerates dry seasons after flower harvest; but well dis- 
tributed rainfall is beneficial during the three to four 

! 

months preceding harvest. Even light frosts during the 
growing season are distinctly harmful, and temperatures 
below freezing during the dormant period will kill the plants. 

Pyrethrum is best suited to well drained loamy soils, 
moderately fertile, without excessive acidity or alkalinity. 
Weed control is necessary for economic yields. 

Culture 

Pyrethrum plants are started in specially prepared 
beds and transplanted as lo-12 cm seedlings. Beds should 
be located in an area not previously cropped to pyrethrum, 
where water is available for hand sprinkling if necessary, 
and the soil thoroughly tilled and fertilized with a complete 
chemical fertilizer at the rate of 500 grams per square 
meter, To avoid the hazard of soil-borne diseases, the area 
selected should be one not previously cropped to any crop. 
Well developed, viable seed is planted at a rate to produce 
a rather thick stand of plants, covered lightly with soil; 
and the planted bed then mulched thinly with dried grass 
or straw. The beds should be moistened by sprinkling if 
rainfall is deficient, to foster prompt germination and 
strong seedling growth. About 300 grams of seed should 
plant 30 square meters of seedbed, and provide 15,000 to 
30,000 plants for field planting. 
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Field Plantinq 

Fields of pyrethrum do not produce blossoms the season 
of planting, depending on climatic conditions; but thereafF:er 
should produce atlnual harvests of flower heads for several 
years. All creeping grasses and broadleafed plants should 
be destroyed in ijreparntion for planting, 

A complete fertilizer should be placed in bands beneath 
the intended rows, 
transplant3 will be 

deep enough so the root system of the 

S cm. 
separated frLom the fertilizer by about 

A practical procedure is l::o open a shallow furrow, 
place the fertilizer in a band ai; the bottom, coker with 
5 cm of soil, set the plants, a-m pull 3~11 from the aide 
of the furrow to cover the transplant roots. The amount 
and composition of the fertilizer should be adjusted to 
the soil fertility present. 
been made, 

If local field test3 have not 
it is suggested t51at 560 kg per hectare of a 

fertilizer carrying about 5% nitrogen, 10% phosphats (PeOe;) 
and 5% potash (K20) be, applied prior to planting. Side&&sings 
of nitrogen and potash should be made after each harvest 
is made. The longevity of the planting may be extended by 
subsequent fertilization, 
be applied before planting 

but all of the phosphate should 
to be most effective. 

16 
Plants should be set in the field when seedlings are 

to 12 cm tall, spaced 20 to 30 cm in the rows, with rows 
about 50 cm apart to facilitate weed control and blo3som 
harvest. Wider spacing in the row may be desirable if 
moisture is likely to be deficient. Transplanting should 
be scheduled when rainfall is most likely to be abundant. 
Weed control is highly essential during the first sea3on 
of growth. 

Several a.'seases have been reported, which require 
setting of repla.:?mcnts annually to fill empty spaces in 
the field. Some b.;-:!eding work ha3 been done to develop 
disease rsesistan t strains of pyrethrum, particularly in 
Kenya, and disease resistant. strains should be used to the 
extent available. Disease attacks should be treated with 
iei;Eeral purpose fungicide if they threaten to become epi- 

Identlflcatlon of the causal organ.ism is .lecessary 
to plin more specific control programs. Pjrrethrum should 
be planted on land not recently occupied by that crop, as 
a means of reducing potential inoculum. 

The only insect pests reported on pyrethrum are aphids 
and red spiders. The presence of toxin in the flowers should 
not be assumed to mean that insects will not feed on stens, 
leaves and roots. Insect injuries should be noted, and the 
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specific insect identified so as to guide control measur,es. 

Harvest , 1. 

In regions where cool weather (winter) induces a dor- 
mant period, the seedlings are set in the field in spring 
or early summer, and they do mot bloom until the following 
summer. In tropical climates where a dry season induces 
slant dormancy, plants set in the field during a rainy sea- 
$j ;j;': , Wiii tlGC3ii fG'Ll.GWi~~ the cl?ESe'i Of the next season of 
rains. Annual. crops of blossoms should occur thereafter for 
several years. 

The flowers are ready for gathering when one-half to 
three-quarters of the florets across the disc-like head are 
opened; since the pyrethrin conterrt is highest at that stage., 
A daily harvest per person may equal 40 kilos, equal to 10 
kilos of dried flowers, Stripping "scoops" have been devised 
to accelerate the gathering of flowers, but any stems and 
trash reduce the quality of the harvest. This is not a 
serious loss in quality, if the pyrethrins are to be extracted 
by solvents. The flowers must be dried soon after picking, 
on trays in the SW, or on floors of large drying sheds or 
in artificial driers. 

Yields of dried flowers at levels of 700 to 800 kg 
?er hectare are considered satisfactory, even though in 
vigorously growing fields the yields may be much higher. 
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CHAPTER 40 

TOBACCO II 
(Nicotiana tabacum) 

Tobacco originated in the Americas, and soon spread 
around the world after the discovery of the New World. 
Nicotiana tabacum was the species cultivated by the Indians 
fIrom Yucatan, Mexico and southward, Another species, Nico- 
tiana rustica was grown by the Indians in Northern Mexz 
anano~. The first s ecies, 
introduced into Europe -- R 

N,, tabacum, was promptly 
t rough Spain, France and Great 

Britain, but corn--e u rcial production on a grand scale was 
first developed in the British colonies along the Atlantic 
seaboard. At present, N. rustica is grown m;stly in countries 
where the climate is too cold07 N. tabacum. but it is also 
grown for the production of insecticidal materials, because 
of its higher nicotine content. 

Tobacco has been a major cash crup from the early 1600's 
and continues to this day, throughout the world. In tropical 
and subtropical countries alone, it is a major crop in six 
Central American countries, five South American countries, 
15 Asiatic countries, and nine African countries. Although 
grown in large plantations in many regions for commerce and 
export, it is also grown very commonly on lesser areas by 
small farmers. It is probable that one-third of the total 
production in tropical regions is sold locally or consumed 
by the growers and does not 
of tobacco production. 

enter in statistical repi3rting 
It is feasible for small growers to 

grow high yields of acceptable quality tcbacco, even though 
producing on a small scale. 

Uses 

The importance of tobacco in agriculture is its value 
as a cash crop, available to the small farmer as well as to 
plantations. It has a high labor requirement, which is in 
abundant supply in tropical rural regions; the technology 
is within the capacity of small growers; it can be fitted 
into a wide range of cropping systems and environmental con- 
ditions; there is genera lly a ready market for the crop; and 
it does not deteriorate rapidly when adequately cured and 
stored. ----- - Quaiity actually ~~~LUVCS the first 2 to 3 years 
in storage and leaf will keep satisfactorily for 5 to 10 
years depending upon leaf type and storage conditions. 

I/ 
Edited by E. L. Hoore. Staff Scientist (Tobacco), National 
Program Staff. Aericulturel Research Service. U.S. Department 
of Agriculture. Beltsville, Harylsnd 20705. 
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Although tobacco has no dietary nutritional v,alue to .' 
the ultimate user& it has retained its popularity over two 
hundred and fifty years and shows no signs of being discarde 
Fashions in its use have changed between snuff, pipe tobacco 
cigars, chewing tobacco and cigarettes; and there are health 
hazards from cigarette smoking; but total consumption of 
tobacco by virtually every country continues without signs 
of reduction, The pleasures of tobaccc defy measurement 
but they ark ,D of such a nature that tobacco often carries 
a priority to the user, 
inadequate food, 

including low income pP0pl.e with 
that is but little lower than food itself. 

The export trade in tobacco attracts many developing 
nations; but production to meet domestic demands and thus 
sa-Je .on the foreign exchange required for tobacco imports, 
concerns nearly all trop%cal and subtropical nations. 

Adaptation 

Tobacco is grown from 60° north latitude to 4~0' south 
latitude, wherever there is a frost-free period of' 100 to 
120 da 
3ooc, i: 

s. Optimum growing temperatures are between 20' to 
ut it tolerates temperatures up to 35 C, Tobacco 

thrives in both tropical and temperate climates. The crop 
is best adapted to regions of moderate. rainfall, 500 to 1000 
mm, well distributed through the growing season of 4 to 5 
months. Lower rainfall during the season of ripening and 
harvest is actually beneficial, but low air humidity after 
harvest hampers the final stage of curing in which the har- 
vested leaf -is.made pliable for handling without breakage. 

^'Tobacco is not suited for regions experiencing strong winds, 
since the plant leaves are easily damaged by winds. 

Tobacco is rather sensitive to soil conditions. Soils 
should be well drained, only moderately fertile, neither 
strongly acid nor strongly alkaline, and capable of inten- 
sive clean culture without serious soil erosion. However, 
different types of tobacco make effective use of a wide range 
of soils. Thus, cigar tobacco is grown on rich loam soils 
with no adverse effects on quality; whereas flue-cured (bright 
types are best grown on sandy loams; and air-cured (brown) 
burley tobacco grows best on silt loam soils derived from 
limestone. Tobacco is grown in rotations with other crops 
that suit the type of tobacco being grown. Collectively, 
all tobaccos cover a wide range of soil conditions; but for 
a specific tobacco type, the requirements are rather exacting 
to produce both high yields and quality. 
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Description 

The tobacco plant is a herbaceous annual, with a stout 
erect stem, covered with short sticky hairs, reaching heights 
of one and one-half to two meters (including flower stalks) 
at maturity. Depending on the variety, each plant produces 
20 to 30 leaves that are large (about 60 cm long and 25 
cm wide), the lower ones half-clasping the stem. The inflo- 
rescences is terminal on the stalk, many flowered, producing 
seed capsules with enormous numbers of minute seeds, 6 to 
10 thousand per gram. 
inflorescence is 

For production of tobacco leaf, the 
removed before blooming (called t;iEzi), 

to force deposition of plant food in the leaves. 
are ripe and ready for harvest when they assume a lighter 
shade of green and have thickened so that when a section 
of the leaf is folded it creases or cracks on the line of 
fold. Bottom leaves mature first, and the middle leaves 
some 10 days later. All parts of the tobacco plant contain 
nicotine, but concentration is highest in the upper leaves, 
and varies greatly with type of plant and method of curing. 
Nicotine content of cured leaf varies from 1% - 2%% for flue- 
cured, to 3-S% for burley, to 4 or 4%% for dark air-cured 
and fire-cured tobacco. The initial nicotine content of 
the leaf varies greatly with variety, climate, season, soil, 
maturity of leaf and cultural practices. 

Varieties 

The tobacco plant is self-pollinated, and strains or 
varieties breed true to type except for occasional outcrossing. 
New strains and plant forms have been produced by plant breeders 

;using artificial hybridization -- to improve yields, resistance 
,to pests, modified plant characteristics, curing properties, 
and quality of leaf. There are many strains and varieties 
of every tobacco type. While there are real marketing advan- 
tages to growing a single variety or similar varieties of 
a given market type in each tobacco growing region, there 
is need also to continually field-test improved varieties 
produced by breeders at research stations. Those strains 
that are definitely proven to be superior should have the 
seed multiplied and made available to all growers. To main- 
tain the purity of improved types, seed production should 
be closely supervised by trained personnel to maintain the 
characteristics of the new strain. 

Culture 

The general practice is to produce tobacco seedlings 
in specially prepared plant beds, and transplant these to 
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the field when they reach suitable size. The seeds are ex- 
ceedingly small, nnd special care is needed to produce strong 
disease-free seedlings. 

Seed Beds 

Seed beds are located on soil not p,r~iously cropped 
to tobacco, or the surface soil is steriiized by wood fires ' 
burned over the entire bed. Also, seed beds may be steri- 
lized with steam or methyl bromide gas ttMd:zr pressure at 
air temperatures of 10°C or above. The soil is fertilized 
with 4 kg of a fertilizer per square meter, analysing 1X', 
nitrogen (N), 6% phosphate (P2C5), and 6% potash (KpC',, well 
worked into the soil. Also, rotted farm manure or compost 
free of weed seeds may be used exclusively with good results. 
About 30 grams (2 tablespoons) of seed is then mixed with 
sifted ashes to provide a greater volume to handle, and dis- 
tributed evenly over 200 square meters. This should produce 
an average of 2 plants per square cm of bed, This area 
should provide enough seedlings to plant one hectare. The 
seeds are pressed into the surface soil with a plank, and 
covered thinly with fine dried grass or straw. The seed 
bed must be kept moist, by using a fine mist spray to avoid 
making 3 soil crust or to cause was#hing seed around. Regular 
watering is needed to develop strong seedlings, but over- 
watering may induce disease outbreaks. 

Planting 

Fertilizer 

Fields are prepared for transplanting by tillage to pro- 
duce a mellow seed bed, and placement of fertilizer below 
the intended row. The fertilizer type and amount must be ad- 
justed to the kind of tobacco being grown as well as the soil 
being used. Flue-cured (bright) tobacco fertilizer should 
be low in nitrogen, but high in phosphate and potash. Ex- 
cessive nitrogen fertilizer produces a strong flavor and an 
undesirable dark green leaf that cures with dark colors. For 
other types of tobacco (air-cured, fire-cured, cigar filler, 
and cigar wrapper) the fertilizer should be more evenly ba- 
lanced as to nutrients, 
The amount of 

such as a 5% N, 10% P2O5 and 10% K 0. 
fertilizer will vary with soil conditions an a 

the crop rotation in which tobacco is grown, from 400 to 1000 
kg per hectare. The high phosphate content is needed to 
stimulate root development, and high potash for leaf quality 
and "burning" properties. 
and compost are useful as 
of lesser fertility. The 
in fertilizers because of 
and quality. 

Animal manures (preferable rotted) 
supplements to fertilizers on soils 
chloride of potash should be avoided 
the ill effects of chlorine on burn 
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where 
Both manures and fertilizer are most effectively used 

applied in bands below the intended row. A practical 
method is to open furrows about 20 cm deep, place manure 
and fertilizer in the bottom, cove- with about 5 to 8 cm 
of soil, place the transplants and pull in soil from the 
side of the furrow to cover the plant roots. Proper place- 
ment produces far greater benefits than broadcasting manure 
and fertilizer and incorporating it by tillage. 

Transplanting 

Seedlings are ready for transplanting from the seed 
bed to the field when the plants have 4 to 6 leaves, and 
are about 15 cm in height. They should be removed from the 
bed carefully to avoid injury to roots, and set promptly 
in the row when soil is moist. A small amount of water (200 
cc) per plant at transplanting time will add greatly to sur- 
vival if soil moisture is inadequate during planting. When 
seedlings are transplanted to the field, they are quite hardy. 
Tobacco is usually planted in rows 50 cm to 1 meter apart, 
using the wider spacing in sandier soils and regions of less 
dependable rainfall. Plant spacing within the row may vary 
from 30 to 60 cm, being adjusted to varietal size and soil 
fertility. 

Weed Control 

Weeds reduce yields greatly, damage the quality of the 
cured leaf, and re&;ce mar ket price per kilo of cured tobacco. 
They may be controlled effectively by cultural practices. 
To be most effective in protecting the tobacco crop, weeds 
should be removed while still small by repeated cultivatiqns 
during the growing season. 
by hand hoeing. 

Remaining weeds may be removed 
Soil loosened by cultivation aids water 

penetration and formation of a low ridge reduces chance of 
drowning during excessive rains. Where labor is scarce weeds 
may be controlled also with commercial herbicides such as 
enide or tillam. However, this method has just begun to be 
accepted in areas where tobacco culture is well established 
and intensive. 

Diseases 

Tobacco yield and quality can be affected by diseases 
caused by fungi, bacteria, viruses, nematodes, air pollutants, 
and improper nutrition. Before control measures can be recom- 
mended, the pathogen must be identified. Laboratory identifi- 
cation is the best method, but symtomatology is also important 
and in some cases can be sufficient for reasonably certain 
identification. 
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Among fungal root diseases black shank is one of the I 
most destructive. In warm weather the fungus invades through 
the roots causing sudden wilting and blackening of the lower 
part of the stalk. If the stem is split or sliced longitu- 
dinally through the diseased shank, the pith is usually found 
to be brown LO black and separated into discs. In contrast 
to black shank, black root rot is favored by cooler tempera- 
tures, Both diaeaaes can occur in the plant bed, but are 
more common in the field. Black root rot 'is indicated by 
blackening of the roots in a manner such that young roots 
are entirely blackened and rotted through and older roots 
have large, rough, black lesions. , Fusarium wilt is caused 
~"y a soil-borne fungus that affects the vascular or conducting 
elements of the stem often causing a distinctive one-sided 
dwarfing, yellowing, and wilting,, Another soil-borne fungus 
causes seedling damping-off, attacking the plants near the 
soil line and causing a brown soft-rot that girdles the base 
of the stem, With this last disease the roots may remain 
white or decay only after considerable time. 

Root knot, a warmer climate disease caused by nematodes 
is characterized by swollen, spherical, or irregularly shape2 
galls anywhere throughout the root system that vary from 
about 1 mm up to a few cm in size, They can be so close 
together as to appear as a single, irregularly swollen, elon- 
gated gall. 

Bacterial or Granville wilt is favored by warm, wet 
weather, first becoming noticeable with the wilting of one 
or a few leaves during the afternoon. The wilting worsens 
with time and the leaves become light green to yellow and 
more wilted. Eventually all the leaves die, but they usually 
continue to hang to the stalk. The vascular tissue and pith 
usually are found to be brown when the stem is cut. If a 
stem section containing vascular tissue is placed in water, 
fine milky-white strands of bacteria will be seen coming 
out of the diseased area. 

Wildfire is a bacterial leaf disease of plant bed and 
field plants that is favored by wet weather and driving rains. 
It is characterized by pale, yellowish, circular spots 3 
to 6 mm in diameter that develop a reddish-brown, dead center 
and a distinctive yellow halo -ultimately reaching 25 m or 
more in diameter. 

Blue mold is the most important fungal leaf disease 
in cooler weather while brown spot and frogeye are more im- 
portant in warmer weather. All are favored by abundant at- 
mospheric moisture. Blue mold occurs on seedlings or field 
plants causing some twisting or cupping of leaves, circular 
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yc:llr>w spots that hecme da&d and brown on the upper surface, 
and the diagnostic bluish, downy mold on the lower surfaces. 
Infection by the brown spot fungus ia actually favored by 
moderate temperatures. The typical brown spot lesion on 
field plants has a roughly circular, brown, dead center with 
concentric rings surrounded by a halo of yellow tissue. 
The lesions are usually 0.5-4 cm in diameter. The halo is 
not always present and is less well defined than the wildfire 
halo. Frogeye leaf spots are usually 2-15 mm in diameter, 
are usually more common in the field than in the plant bed, 
and can resemble brown spot lesions, but more typically have 
a white or gray, 
darker border, 

thin, dead central area surrounded by a 

often noticeable 
Tiny black spots of fungal sporulation are 

in the centers of these lesions. 
eye fungus also causes green spot on cured leaves. 

The frog- 
Anthracnose 

can occur in the field but is probably more common in plant 
beds during or after wet weather. The lesions are small, 
up to 3 mm in diameter, at first water-soaked and then drying 
out to a papery thin, white spot, sometimes with a darker 
border. Powdery mildew or white mold is favored by moderate 
temperatures and does not require high humidity,, It is cha- 
racterized by white-gray, powdery, felt-like patches that 
often result in brown, dead lesions. 

Tobacco is susceptible to numerous virus diseases which 
cause leaf symptoms that usually are partially described 
by the names of t5e disease. Mosaic, the most common virus 
disease, causes a mottled pattern of light and dark green 
areas that is most conspicuous on the younger leaves. Among 
the more important of the other virus diseases are etch, 
veinbanding, leaf curl, and ringspot. 

Atmospheric ozone, sulfur dioxide, and nitrogen dioxide 
can cause severe leaf injury on tobacco in industrial areas 
or where nearby gasoline-burning automobile traffic is heavy. 
The most common syulptoms are small white flecks or spots 
of dead tissue. 'Ihe symptoms of nutritional disorders will 
not be covered here as they mostly resemble those on other 
plants. 

Tobacco diseases are controlled wholly or in part by 
certain cultural practices, resistant varieties, and chemical 
means. Production of disease-free seedlings in sttrilized 
plant bed soils, promptly plowing down stalks and other debris 
after harvest, and use of rotations involving tobacco only 
once in 3-5 years are all very important. Wildfire in plant 
beds can be controlled by sprays of certain copper compounds 
and streptomycin. Blue mold and anthracnose in plant beds 
can be controlled by dusts or sprays containing zineb, maneb, 
or ferbam. Tobacco in rotation should follow such crops 
as maize, small grains, sorghum, or millet. Ground nuts 
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should be avoided in such rotations, as should such tobacco 
relatives as tomatoes, potatoes, and peppers. Black root 
rot becomes very limited when soil pH is kept below 5,6, 
Certain multipurpose chemicals assist in control of the root 
diseases, especially when used in conjunction with resistant 
varieties, 

Tobacco varieties have been releaeed in recent years' 
that are resistant to one or more of the following diseases: 
black shank, black root rot, Fusarium wilt, root knot, bac- 
terial wilt, wildfire, blue mold powdery mildew, and tobacco 
mosaic viruses. However, varieties resistant to many of 
these diseases are available only for certain types of tobacco 

Insects 

The major tobacco insect pests vary considerably through- 
out the world and damage may range from slight injury to 
complete devastation of the crop if remedial measures are 
not taken. In addition, the insect complex in the seedbeds. 
will usually vary from that found in the field. However, 
with poor sanitation in the seedbed some of these pests, 
particularly flea beetles 
potato tuber moth ( 
ported to the field, 

Among the Lepidopterans several species of Heliothis 
attack tobacco. H. armi era is listed for most of the tobacco- 
growing areas in The wor *however, H. v+rescens the tobacco 
budworm, is the primary species in thg Unlted Staies. These 
dull colored moths have a wingspread of 28 mm and are active 
primarily at night laying their eggs on the tobacco leaves. 
The newly hatched larvae migrate to the vegetative bud where 
they feed for 6 or 7 days. As the plant develops, the tiny 
holes made by the larvae greatly enlarge, giving the plant 
a ragged appearance but the apparent loss is deceptive since 
actual loss in weight of the cured leaf is minimal. However, 
in a severe infestation the bud may be destroyed making it 
necessary to rely on a sucker to replace the original vegeta- 
tive bud. Generally, treatment is not justified unless 10% 
or more of the plants are infested. When the larvae are 
feeding in the bud they are protected from the insecticide, 
making control difficult. Best control is obtained by mixing 
the insecticide with a bait of coarsely ground cornmeal and 
dropping a small pinch of it onto the bud. The larvae leave 
the bud to feed on the bait and are kiiled. Budworms can 
be controlled with Bacillus thuringiensis, trichlorfon, car- 
baryl, endosulfan, methomyl, or monocrotophos, 



For many years the tobacco hornworm, Manduca sexta, 
has been a major peat on tobacco in the United Stamecause 
of its voracious appetite and ability to destroy entire fields 
of tobacco. This large moth is gray with 6 large otange 
spots on either side of its abdomen and has a wingspan of 
10 cc. It is also nocturnal in habit and concentrate6 it6 
eggs on the upper one-third of the plant. The larvae have 
a prominent horn projecting upward from their distal end 
and when full grown reach a length of 10 cm. Treatment is 
justltied when 10% or more of Lhe plants have worms 2.5 cm 
long or longer. 

The same materials listed for Heliothis are effective 
against hornworms and should be concentrated either as a 
dust or spray on the upper l/3 of the plant. They can also 
be controlled by handpicking. Another species, Manduca c&n 
az;enba;ulata, the tomato hornworm, is similar in appearance 

a its to the tobacco hornworm but is generally rare 
abundant in cooler climates such as in Canada. Both species 
are found only in North and South America. 

Prodenia litura is a noctuid of the Old World, found 
primarily in thmdle East, India, and Australia. The 
moths are dull brown in coior and the female lays her eggs 
in masses of 100 or more, covering them with scales from 
her body. The larvae are voracious feeders and in certain 
areas have shown resistance to several commonly used insecti- 
cides. However, Bacillus thuringiensis is still listed a6 
being effective. 

Various cutworms can be serious pests due to their ha- 
bit of cutting the stems of young plant6 near the soil sur- 
face causing its death. The adult6 are about the size of 
Heliothis moths and have speckled gray wings. Trichlorfon 
mixed with wheat bran and scattered over the field before 
transplanting should give effective control. 

Another Lepidopterous insect attacking tobacco in cer- 
tain areas is the potato tuberworm, Gnorimoschema opercullela. 
The small larvae feed within the leaf, the mid-rib or Ann 
the stem. Azinphosmethul, endosulfan, or carbaryl can be 
used as a spray or dust. 

Among the Coleopterans are several E itrix spp. or flea 
%erica Adults beetles that may be found in North and Sout 

are only 1.6 mm long and jump when disturbed. They iasp 
out tiny hole6 in the leaf and the larvae burrow in roots 
and stems of small plants, Newly set plant6 can be badly 
stunted or killed by a few insects; later in the 6ea6on large 
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numbers way build up to decrease yields. A6 a preventive 
treatment, disulfoton, a systemic insecticide, can be worked 
into the seedbed at transplanting time to assure availability 
of healthy transplants. If the preventive treatment is not 
used, parathion can be applied as a dust or spray. In the 
field, additional materials that can be used as a spray include 
azinphoamethyl, methomyl, and monocrotophos. 

Among the Hemipterans are the green peach aphid, Myzus 

F==' 
In Rhodesia, this aphid transmits important virus 

Iseases known as Rosette and Bushy Top. Even where disease 
transmission is not involved the aphid can cause damage when 
heavy populations build up. Heavy feeding on the plant 
juices causes premature ripening; deposits of cast skins 
and honeydew also reduce the quality of the leaf. Di6UlfOtOn 
as applied in the seedbed for flea beetle control will also 
control the aphid. 
monocrotophos, 

In the field, parathion, malathion, 

dust. 
or endosulfan can be applied as a spray or 

The white fly, Bemisia tabaci, also a Hemipteran, is 
common in Africa and-Far= These small insects build 
up in large numbers on the underside of the leaf and cause 
damage similar to that of the green peach aphid. They are 
associated with transmission of a disease causing leaf curl. 
Malathion or parathion may be used for control. 

Among the Thysanopterans is an important pest, Thri s 
tabaci, which causes serious damage in near-eastern an ---&&th- 
eastern European areas, It not only sucks plant juices causing 
silvery patches on the leaf but is responsible for spreading 
Spotted Wilt virus. It can be controlled with endosulfan, 
parathion, and methomyl. 

If it is necessary to store cured tobacco any length 
of time it may become infested with the cigarette beetle, 
Lasioderma serricorne, or the tobacco moth; Ephestia elufella. 
rt lnfestatlons are light it may be feasible to sort and 
destroy the infested tgbacco, fieavy infestation6 of both 
insects can be controlled by fumigation under an airtight 
plastic sheet with methyl bromide. If the storage facilities 
are reasonably airtight, reinfestation can be prevented by 
hanging dichlorvos resin strips, 1 per 28.3 cubic meters 
of space. 

Parathion, azinphosmethyl, endosulfan, methomyl, mono- 
crotophos, disulfoton, and methyl bromide are extremely toxic, 
and should be used only by or under the supervision of people 
who will read and follow the precautions on the label. Certain 
insecticide6 should not be used because of resulting excessive 
residues. These include DDT, TDE, arsenicals, toxaphene, 
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benzene hexachloride, lindane, aldrin, dieldrin, heptachlor, 
strobane, chlordane, or endrin, If these are used on adja- 
cent crops, care should be taken to avoid drift onto the 
tobacco field. Tobacco should not be grown in rotation 
with any crop on which benzene hexachlorid-e is used since 
residue8 in the aoil may produce off-flavor. 

Insecticide8 should be used only as needed to avoid 
(1) unnecessary expense; 
other worker8; 

(2) hazard6 to the applicator and 
(3) residues on the cured leaf; (4) kill of 

beneficial insects; and (5) contamination of the environment., 
If treatment is necessary during harvest, the material should 
be applied immediately after priming, rather than before, 
to reduce exposure of the workers. 

When only Lepidopterous insects are involved the use 
of B. thuringiensis is highly desirable since it is essen- 
tiarly harmless to man and beneficial insects. In certain 
areas beneficial insects, 
will give adequate 

if not suppressed by insecticides, 
control of many of the peat species. 

Several cultural practices can aid greatly in tobacco 
insect control. 
sidue 

These include destruction of any crop re- 
immediately after harvest to destroy food for succeeding 

generations, turning up the roots and later discing the soil. 
These practices will also help control bacterial diseases 
and nematodes. Buildings in whi& tobacco is handled or 
stored temporarily should be kept free of any refuse when 
not.in use to avoid the buildup of insect6 that attack cured 
tobacco. Tobacco sholzld not be stored near feed, grain, 
seed, or other materials that might be infested. Alternate 
insect hosts near the seedbed or tobacco field should be 
avoided as far as possible to prevent buildup and movement 
of pests into the seedbed or tobacco field. Maintaining 
an intact seedbed cover will aid greatly in limiting infes- 
tations. Production of insect-free seedlings will prevent 
transport of pests to the field at transplanting time. 

Topping the Growing Crop 

Removal of the flower stalk8 is essential to production 
of marketable tobacco. This is done by breaking off the tops 
of the plant6 at about the third leaf below the flower head. 
This forces the plant to retain all plant substance in the 
leaves, rather than using it for flowering and seed production. 
Topping results in larger, thicker, and darker leave6 that 
mature earlier and more uniformly. Topping should occur when 
about half the plants show flower heada, leaving 15 to 20 
leaves on each plant. 
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HarvestinP: 

Harvesting ie done by one of two methods, by harvesting 
individual leaves as they mature, or by cutting the entire 
Htalk with leaves attached. In the first method, the bottom 
4 to 6 leaves are harvested soon after aeed headr a pear 
nnd the remaining levee at week1 

i 
intervals53 over t R c iollow- 

ing 4 to 6 weeks when yellow pate 88 begin to appear on the 
leaves. This individual leaf harvest ie eometirnss called 
"priming", since each leaf is harvested when 
ripe. The leaves are strun 

ii 
on sticks (laths P 

rime, or fully 
1 to 1% meters 

long, by passing a string t rough each leaf base or by looping 
around the base of 2 to 5'leaves, and attaching a string 
of leaves to the 2 ends of the stick. A stick holds 60 or 
more leaves. These sticks are conveniently handled in curing 
sheds or barns. 

In the second method, the plants are cut off, and a 
stick is thrust through the plant base, so that 6 to 8 stalks 
occupy a stick. These are transported to the curing shed 
or barn, and hung (with plants upside down) with spacing 
to ft;cilitate good ventilation. 

CurinK 

The curing procedure is highly important to production 
of marketable tobacco. Some of the same processes that take 
place during ripening continue during the early curing stages, 
but are hastened as the leaf is dehydrated. Initially, there 
is rapid destruction of chlorophyl and changes in the leaf 
compounds associated with respiration. Leaf lamina and stem 
are dried during the final stages. The objective is to pro- 
duce a dried product that can be stored, handled, and marketed 
The procedure varies with type of tobacco being produced. 
However, a period of "ordering" with low temperatures and 
high humidity followed so that the final moisture content 
of the leaf is restored to 20 to 25% by weight. This is the 
moisture content needed to make the leaves pliable for sorting 
and handling, and to foster desirable fermentation in bales 
or casks for the extended storage period that usually precedes 
ultimate manufacture of tobacco into the products sold to 
the consumer. 

Air Curing 

Air curing is widely practiced in the tropics. Such 
tobacco is equivalent to burley tobacco of temperate zone 
areas, but may be termed light or dark depending upon whether 
green or burley varieties are grown. Air curing is carried 
out in specially built barns or sheds, that may be kept 
closed at night and well ventilated in the daytime. No heat 
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is used except during the extended periods 
when wood fires are made on earthen floors. 

of wet weather 

leaves are suspended at eeveral successive 
The sticks ok 

to give good ventilation within the shed. 
tiers, o 

W-C! c+f.thar stalk-cut or primad, and are-air cured 
lar manner LO other dark types. 

in a simi- 

In tropical regions with long periods of dry, sunshiny 
weather at the harvest season, sun-curing is practiced. 
However, the quality of such tobacco is variable, it is not 
as marketable as other types, particularly for cigarettes. 
Sun-cured tobacco is generally consumed locally. 

Flue-Curing for Bright Tobacco 

This method is used to hasten the early curing stages, 
and then to complete the drying rapidly while the leaves 
still have a light yellow color, The crop for such curing 
should be grown \qith limited nitrogen fertilization to pro- 
duce a light green colored leaf. To speed up the drying 
and killing stages of curing, a furnace is used to produce 
heat, and each furnace is equipped with a sheet-iron pipe 
extended through the barn to distribute the heat more uni- 
formly. Careful control of temperature and humidity is a- 
chieved by continuous monitoring on an hour to hour basis. 
Flue-cured bright toba8cco, low in nicotine is the predominant 
type used in blends for cigarettes. 

Fire-Curing 

This curing method allows the tobacco to yellow and 
wilt in the curing barn or shed without heat for three to 
five days, then to start slow wood fires on,earthen floor 
as necessary to maintain temperatures of 35 C to comple&e 
yellowing, after which temperatures are increased to 50 C 
until the leaves are dry. The smoke from the open wood fires 
in the barn imparts a characteristic odor and taste to the 
tobacco that is in most demand for pipe smoking. Nicotine 
content is about the same as dark air-cured tobacco, much 
higher than in flue-cured tobacco. 

Marketing 

Tobacco is marketed on the basis of specific qualities 
of the leaf, and the color is only one factor. Thus some 
dark tobaccos are low in nicotine content, and others are 
high in nicotine. Flue-cured cfgarette tobaccos are usually 
a light lemon-yellow color, 
nicotine, 

and they are relatively low in 
but air-cured cigarette tobacco is a light brozn, 

quite acceptable in blends with flue-cured types. Color, 
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texture of leaf and aroma are important characteristics. 
Uniformity greatly affects grade and price, In general, 
present day preferences of tobacco users have produced the 
highest prices for cigar wrapper, followed by the flue-cured 
and light air-cured types. 

Tobacco is sometimes prepared for the initial marketing 
of the growers crop by packing in cases or bundles (or bales) 
weighing 15 to 30 kilos. Other markets accept tobacco leaf 
wrapped temporarily in burlap. This tobacco must be moist 
enough to be pliable and thus avoid serious losses from break- 
age. However, it is too moist for long term storage and 
export. After purchase, it is often sweated or fermented 
in bulk piles to complete processes begun during curing. 
Fermentation is induced by natural slow-acting chemical 
changes that tend to increase temperatures to 35O to 40°C, 
and result in losses of 5 to 10% in dry matter, and reduction 
in starch, sugar, nicotine and certain organic acids, and 
the development of a pleasing aroma. 
for a year or more, 

Fermentation may last 
before final manufacture into the end 

product, 
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CONVERSION FACTOR 

U.S. System 

0,394 Inch, ;tA 
1 inch, in 
1 foot, ft 
3.28 feet, ft 
1.094 yards, yd 
1 yard, yd (36 in) 
0.621 mile, mi 
1 mile, mi 

('I.155 square inch, in2 
1 square inch, in2 

10.76 spare feet, ft2 
1 square foot. ft2 
1.196 square yards, 
1 square yard, yd2 
2.471 acres, acre 
1 acre (43,560 ft2) 
0.3861 square mile, 
1. square mile, mi2 
1 mi2 (640 acres) 

Yd2 

mi2 

0.061 cubic inch in3 
1 cubic inch, in3 
I.057 quarts, qt (liqui 
O.%& quart, qt (dry)- 
1 quart, qt (liquid) 
1 British imnerial quar a ----- 

2.838 bushels, bu 
1 bushel, bu 
3.532 cubic feet. ft3 
1 cubic foot, ft3 
0.973 acre-inch 
1 acre-inch 

L&NCTH 
a 
6 
I 
t 
r 
= 
= 
= 

AREA 

= 
= 
r= 
= 
= 
= 
= 
= 
f 
= 
= 

VOLUME 

= 
= 

,d) = 

= 

Metric System 

1 cmtlmeter, cm 
2.54 csntimrterc, cm 
y~13e8t~. In 

1 'meter: m 
0.914 meter, m 
1 kilometer, km 
1.61 kilometers, km 

1 square centimeter, cm 2 
6.45 square centimeters, cm2 
1 square meter, m2 
0.093 square metes, m2 
1 square meter, m 
0.836 square meter, m2 
1 hectare, ha 
0.405 hectare, ha 
1 square kilometer, km2 

2.590 square kilometers, km2 
259 hectares, ha 

1 cubic centimeter, cm3 
16.387 cubic centimeters, cm3 

1 liter, 1 
1 liter, 1 
0.946 liter, 1 
1.136 liters, 1 
1 hectoliter, hl 
0.352 hectoli&r, hl 
1 hectoliter, hl 
0.2832 hectoliter, 

100 cubic meters, m3 
hl 

102.8 cubic meters, m3 

_, 
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i “ 

U.S. system Metric System 

0.0353 ounce, 02 _ 
1 ounce, 02 

: 
2.204 pounds, lb 
1..pound, lb 

220.46 pounds, lb 
1 pound, lb 
2204.6 pounds, lb 
1.102 short tons 

(of 2000 lb) 
1 short ton (2000 lb) 
0.984 lonz ton 

(of 2240 lb) 
1 long ton (2240 lb) 

MASS 
t 

E 

= 

P 

= 
= 

= 
t 

1 g-b g 
28.349 grams, g 
1 kilogram, kg 
0.454 kilogram, kg 

or 453.6 grams, g 
1 quintal, q 
0.00454 quintal, q 
1 metric ton 

1 metric ton 
0.907 metric ton 

1 metric ton 
1.016 metric tons 

YIELD or RATE 

s 0.892 pounds/acre S 1 kilogram/hectare 
::.I pound/acre P 1.121 kilograms/hectare 
c.O.892 hundred weight 
!:.e (100 lb)/acre t 
$i'i hundred weight 

1 quintal (metric)/hectare 

!$ (of 100 lb)/acre E 1.121 metric quintals/hectare 
‘%bu/acre x lb/bu x 0.01121 = 
s<!Td.446 short t-n/acre 

quintals per hectare, q/ha 
t 1 metric ton/hectare 

i:Tl short ton 
-;,x (2000 lb)/acre e! 2.242 metric tons/hectare 
,' 

TEXG?EWNRE ^ ,. 'i ; 
'2 : Fahrenheit, F Celsius or centigrade, C 

'degrees F s degrees C x 9/5 + 32' 
or 1.8C + 32 

degrees, F-32 x 5/9 

o°F 
.55556 (F-32) f degsees, C 

= -17.8 C 
HE; (Freezing) = o"c 

= 
98.g°F (Body temperature) = 

21.Q 

212 F (Boiling) XC 'l;g . 
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293 
288 
293 
288 
187 
146 

Alliu; cepa . . . . . . . 253 
A- pea. . 146 
Arachis hypogaea: : : : : 170 
arhar . . . . . . . . . . 146 
bambara groundnut .... 162 
bananas ......... 215 
barley. ......... 96 
batata. ......... 247 
beans, 

adzuki. 163 
African io&t: : : : : 163 
African yam ...... 163 
castor. ........ 209 
cluster ........ 162 
Congo ......... 146 
field ......... 101 
horse ......... 163 
horse-eye ....... 163 
hyacinth. ....... 162 
jack. ......... 163 
kidney. ........ 101 
lima. ......... 163 
wanioc. ........ 163 
mat .......... 162 
Mexican yam ...... 163 
moth. ......... 162 
potato. ........ 163 
rice. ......... 163 
sword ......... 163 
tepary. ........ 162 
velvet. 
winged. I 

..16 3 
........... . 163 

belembe . 
bene. benni : ............ 

227 
187 

bengalgram. . . . . . . . 115 
Bimlipitam jute 

(or Bimli). (I . . . . . 272 

PM 
black gram . . . . . . . . . . 141 
blue lupine. 16: 
Boehmeria x&a: : : : : : : : 27! 
bonavist 16: 
broadbean; : : : : : : : : : : 12' 
browntop millet. . . . . . . . . 8'; 
bulb onion 25: 
bulrush millet : : : : : : : : 81 
cabuya . . + . . . . . . . . . 293 

Fzhir . . " . . . . . : : : ii! 
Ca'anus cajan. . . . . . 

Canavalia ensiformis, 
ca$iafiadiata. . : . : : : : : USi 

Carthamus'tdn&oriu~ . . . . . 20 
cassava. . . . . . . . . . . . 23 
castor (castorbean, castors) . 2Oi 
cebolla .. .251 
chickling vetch. 

........... . 

chickpeas. 
,162, 16: 

.......... 11. 
China grass. ......... 27! 
ChrysaGtheum cinerariaefolium 

and C. coccineum - . . . . . 
Cicer Zrietium . . . . . . . .L 
cleaning-)...... . . 

29 
11 

4 
clearing (land). 
climates (see also in;lividu;ll' 

3: 

crops) .......... 
cluster bean 

7, 11 
......... 16: 

coca-yam ........... 
Coloc&ia esculenta_ (C. 

22, 

co:-?: : : : : : IZ I 
conservation (of soil) 31 
conservation ( of waterj 1 1 1 2! 
control of insects and diseases 

(see also individual crops). 39 
control of weeds (see also 

individual crops). 
Corchorous ca sularis'and' ' ' 

C. I+T.....z', olitor us 
corn . : . . . . . . . . . . . 6, 
cotton . . . . . . . . . . . . 25! 
cowpeas. . . . . . . . . . . . 109 
crop choice. . . . . . . . . . 31 
crop mixtures. . . . . . . . . 2 
crops production (principles). 2 
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cultural practice (see also 
individual crops). . . 1, 37 

tush-tush yam. . . , . . . 236 
Cyamopsis tetragonolobus, 

psoraliodes 162 
da&l. . . . . .- : : : : : 129 
dasheen. . . . . . . 227 
dessert b&as: 215 
Dioscorea spp= (s&&alj : 236 
disease control (see also 

individual crops). . . . 39 
Dolichos biflorus,. 

D. bulbosis. 
DoTichos lablab: : : : 
drying [s-also 

individual crops),. . 
earthnuts. 
Echinochloa'c&&alii' 

var. rrumentacea . . 
‘eddoe. . . . z . . . . 
‘.efephant-ear . . . . . 

. 

. 

. 

. 

. 163 
I 162 

. 40 

. 170 

. a4 

. 227 

. 227 
-;Eleusine coracana. .... 84 
':environment. ....... 6 
(ifarming systems. 22 
.fava (or faba) bean: : : : 129 
-.fertilization (see also 

' individual crops). . 31 
field bean ..... .lol; 129 
field peas ........ 154 
finger millet. ...... a4 
food legumes, (secondary). 162 
food requirements. .... 1 
fool (Arabic). ...... 129 
foxtail millet ...... a4 
gabi ........... 227 
gambo. .......... 272 
garbanzo ......... 115 
Gl cir:e max. 
--f-- go den gram. 

.............. 179 
138 

goober pea ........ 170 
Gossypium spp. ...... 259 
gram...........11 5 
gram, green or golden. .. 138 
gram, horse. ....... 163 
grass pea. ..... .162, 163 
greater Asian yam. .... 236 
green gram ........ 138 
groundnut ........ 170 

gr;l;;;;k, Kersting's or 

guacamoti 1 1 1 1 1 1 1 1 1 
guar. . . . . . . . . . . . 
habarala. . 
harvesting and'd;y& isee' 

also individual crons). : 
Helianthus annus. . .* .-. . 
hemp, Manila. . . . . . . . 
henequen. . . . . . . . . . 
Hibiscus cannabinus, 
-ba2ari?f a 

H. 

Ho:ieum vulg 
hiean. . . 1 1 1129: 
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162 
231 
162 
227 

40 
194 
283 
288 

272 

1:; 
horse-eye bean. ..... 1 163 
horse gram. ........ 163 
hyacinth bean . 
insect control (se;! ;lSo' ' 

162 

individual crops) .... 39 
I omoea batatas 
&SZan 

. . . . .. 242 
163 

Japanese mili& 1 1 1 1 1 1 a4 
Java jute ......... 272 
jute. ........... 268 
kenaf ........... 272 
Kerstingiella eocar a 
kersting's groun nut. %--% : : 25 
khessari. . . ..... .162, 163 
lablab. .......... 162 
Lablab niger. . .... 
landclearing, preparation 

162 

(see also individual crops)31 
land forms. ........ 12 
Lathyrus fativus. . . .162, 163 
lesser Aslan yam. . . . . . 236 
lentils . . .- . . . .' . . . 122 
Lens culinaris. ...... 122 
lima beans. ........ 163 
lint (cotton) . . . . . . . 259 
lunu. L - . . . . 
lupine, white, ydi&,'bid 

253 

and "sweet" . . . . . . . 163 
Lupinus albus, I,. angusti- 

follus and L.-lutens. . . 163 
Mamoma uEi.fv. . . 163 
+- a agascar nut. . ._ . . . 162 
maize . . . . . . . . . . . 62 
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malanga ......... 227 
mandioca. ........ 231 
Manihot esculenta . . . . 231 
-hemp.. . . . . . . 

(cassava). 
283 

maniac . . . . 231 
maniac bean . . . . . l . 163 
mash. . . . . . . . . . . 145 
mat bean. . . . . . l . . 162 
Mauritius hemp. . . . . , 293 
mazagan . . . . . . . . . 
mesta (or meshta) 

lZ9 
. . . . 

Mexican-yam bean. . . . . :;3' 
millets . . . . . . . . l a4 
mongo, moong. . . . . . . 138 
moth bean . . . . . . . . 162 
Mucuna pruriens var utilis, 

M. sloanet. . . . . . . 163 
mung. .......... 138 
mungbean. ........ 138 
Musi spp. . . . . . . . . 215 
KEZ textilh . . . S . . 283 -- 
natural resources . . . . 3 
Nicotiana tabacum (and N. 

rustica)TT . . .-. 299 
nut, Madagascar . . . . . 162 
nutrition-(see also 

individual crops) . . . 2 
oignors . . . . . . . . . . 253 
onions. . . . . . . . . . 253 
Oryza sativg. . . 
Path rrhizus erosus, 
*us 
PaFiicum miliac;?urh,' 

P ramosum. . . . 
pai;;i. . . . . . . . 
papoula-de-sao-franc 
Pakkia spp. 
peas, field or'garden * l 

163 

or edible podded. . . . 154 

. . . 42 

. l . 163 

. .* l 84 
247 

i&o: 272 

pea, goober . . . . . . . 170 
pea, grass and sweet. . . 162 
pea, pigeon or Angola . . 146 
pea, southern . . . . . . 109 
peanuts . . . . . . . . . 170 
Pennisetum 
pesticide use 

individual crops) . . f 39 

Phaseolus 
Fhaseolus 

acontifqlia 

Phaseolus 
aureus. . . 

Phaseolus 
zE&F$us . 

. . 
Phaseplus 
Fhaseolus 

radiata . . 
vulp;aris. . 

pigeon pea L. . . . . . 

PAGE 
1.62 
138 
163 1 
163 ~ 
138 ~ 

pistache de terre 
Pisum sativum 

...... 170 

maxns 
.................. 154 

215 
pomme de terre. . . . . . , . 247 
potatoes. 247 
potato-bean : : : : : : : : : 163 
potato, sweet . . . . . . . . 242 
potato yam. . . . 
preparation of land isee'aiso 

236 

individual crops) . . . . , 31 
pros0 millet. 
protein (see aiso in&.A.duX 84 

crops). . . . . . . . . . . 2 
Pso hocar us tetragonolobus 
i3yFsE+. . . . , . . . : :;2 
rainfall. . . . . . . . . . . 13 
ramie . . . . . . . . . . . . 279 
red gram. 146 
rhea (fiber): : : : : : : : : 279 
rice 42 
rice bean . . . . . . . . . ."163 
rice, lowland . . . . . . . . 47 
rice, 
rice, 

references. . . . . . . .59 
upland. . . . . . . . . 53 

Ricinus-communis. 
Fiizznz 

...... 209 
......... ..27 2 

safflower . . . . . . . . 203 
secondary food legumes: . . . 162 
seed production and distri- 

bution (see also individual 
crops). . . . . . . . . . . 36 

sesame. . . . . . . . . . . . la7 
sesamo. . . . . . . . . . . . 187 
Sesamum indicum . . . . . 
Setaria italica 
ZiXEKgfawing's~sier;ls 1 
Siamese-jute. . . , . . . 
sim-sim . . . . . . . . . 
sisal . . . . . . . . . 
soil groups . . . . . . . 

. la7 

. 84 
: 272 23 

. 187 

: 288 17 
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soil and water management. 33 
soja . . . . . . . . . , . 179 
Soja max ......... 179 
Solanum spp. ....... 247 
sorghum. ......... 73 
Sorghum bicolor. ..... 73 
soya ........... 179 
soybeans . 
SphenostyiCs stenccarpa: ..... 

179 
163 

stolcross ......... 272 
storage (see also indivi- 

dual crops). ...... 41 
sunflowers ......... 194 
sweet Zupine ....... 163 
sweet potato ....... 24? 
sword bean ........ 163 
systems, farming ..... 22 
talla. .......... 227 
tania, tanier or tannyah . 227 
'tapioca. ......... 231 
taro ........... 227 
teal ........... 272 
technology ........ 4 
itepary bean. ....... 162 
Thai jute. . . . . . . . . 272 
tick (or tic) bean . . . . 129 
tobacco. . . . . . . . . . 299 
.transporting of crops. . . 5 
Triticun aestivum and 

.T. turgidum. . . . . . . 90 
tur. . . . . . . . . . . . 146 
urd. . . . . . . . . . . . 145 
urdbeans . . . . . . . . . 145 
urid . . . . . . . . . . . 145 
varieties (see also 

'individual crops). . . . 35 
vegetation zones . . . . . 15 
velvet bean. . . 
vetch (various kinds): : : 

163 
163 

vetch, chickling 
vetchling. . . . 
Vicia faba . . . 
Vicia spp. . . . 
Vigna spp. 

V. acontifolia 
E. angularis . 

. . . . . 162 

. I .162, 163 

. . . . . 129 

. . . . . 163 

. . . . . 162 
. . l . . 163 

Page 
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Vi na spp. (can't) 

0: 
calcaratus . . . . . 163 

1. . . . . . . 109 
rica . . . . , 109 

. 

. 
. 
. . 

. . 145 

. . 138 
@edalis. . . , 109 sesquj 

sinensls . . . 
WiiX---- 

. . 
KIlTiFa...... 

unr 
var. E 

va-f- =F= 111 
Voandzela su terranc 
water management. . . . . 33 

Cae.. . 162 

weed control (see also 
-- 

individual crops) . . . 38 
wheat . . . . . . . . . 
white Guinea yam. . . . . 

90 
236 

white lupine. . . . - . . 163 
Windsor bean. . . . . . . 129 
winged bean . . . . . . . 163 
Xanthosoma sagittifolium 

X. atrovirens, X. brasili- 
&se, X,. vio1as-den.L . . LLI 

Yams. . . . . . . 
yautia. . . . . . . . . . 227 

L1 cl97 

. . . -. 236 

yellow dhal . . . . 
yellow Guinea yar;l 1 . . . 

146 
236 

yellow lupine . . . . . . 163 
yields. . . . . . . . . . 29 
yuca........... 231 
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