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Dyke/Pond System and Permaculture

“The Waste Theory of Development”. The Dyke-Pond System in Southem China has practised
not only organic farming, which during many centurnies has involved the infensive use of ifs soil
and recycling of all ifs natural resources, but also succeeded in having the highest productivity
per unit surface of the kand in the world, all without non-renewable input fom outside.
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The Dyke-Pond System in Southern China inte-
grates livestock, aquaculture and agroindustry,
using the residues of one process as input for the
folowing ones. The main and most important
feature is the use of the deep fish pond, which is
2.5-3m deep, for natural treatment of livestock
wastes, optimal growth of various plankton,
and the use of many kinds of fish feeding at
different trophic levels to consume all these
plankton (fig.1). The fish in turn produce their
own wastes which are naturally treated by the
pond water, and the highly mineralized pond
water is used to irrigate and fertilize a big variety
of crops without having to use any chemical
fertilizer or toxic pesticide.

Unfortunelately, the socalled modernisation
craze is now upsetting the ecologically balanced
system with high input of chemical fertilizer
and other pollutants which are just left to pollute
the whole environment, at a time when the de-
veloped world, plagued with these same prob-
lems, is looking for viable alternatives which,
ironically, China has used for centuries! Why

“does China have to make these stupid mis-
takes? .

The author has proved that the traditional
Dyke-Pond System can be enhanced consider-
ably into an Integrated Farming System, using
the appropriate scientific methods and techno-
Jogical innovations, to have optimal producti-
vity that chemical fertilizers cannot do, while

maintaining the same ecological principles. It is
now beeing implemented in Vietnam, which
has not yet caught the virus of modern develop-
ment, but it will come. It is hoped that we still
have time to help that country avoid the same
disastrous route taken by China now.

A further progress has been made in Brazil,
where the Integrated Farming System has been
combined with the conventional Stabilization
Pond Systern to make the Jatter more economic
by using all the resources available to produce
livestock, fish and plants. It will not make the
multibillion waste industry happy, but it will
help the poor and needy who have the same
human rights to have their wastes treated, and
make the whole process pay.

Fig 2. shows why it makes sense to have such
integration. Such a concept is now submitted to
the Pemaculture movement with the hope that
in the search for a truly sustainable system of
development, they will adopt the “Waste Theory
of Development” which treats all wastes as
valuable resources. They should be completely
recycled and reutilized instead of polluting and
degrading our only globe.
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Integrated Stabilization Ponds

“A Lowcost/ Lowenergy Sewage Treatment Plant”, The use of stabilization poncis woﬂdw.'de
has reduced sewage freafment costs where cheap lond is avaikable, and is more effecfive
than the costly conventional freatment plants fhaf require concret or steel sfruchxres and

much artificial energy.
Stabilization Ponds rely on

Introduction
natural growth of algae

which through photosyntesis fix carbon dioxide
from the atmosphere and release ozygen to mi-
neralize the organic wastes. So the treated effluent
contains excess minerals and the original heavy
metals which are all pollutants and can cause
euthrophication in receiving bodies of water as
well as food contamination.

Unfortunately, because of accumulating dead
algae which are themselves organic pollution,
stabilization ponds require constant cleaning,
which is not always done, resulting in nuisances
and eventually breaking down. Obviously, con-
trol of these dead algae is the quick answer to the
problem, but it is not so simple. They are minute
and well scattered in a huge volume of water. So
filtration is out of the question. Their growth
should be strictly regulated or some more prac-
tical means should be found to remove them
from the system.

By scientifically combining the stabilization
ponds with a traditional farming system of
livestock, aquaculture and agriculture, which is
5 centuries old in southern China and still going,
strong, together with some appropriate ancient
and modem practices from other countries, the
author has come up with a most effective waste
treatment system which is also an efficient
farming enterprise. It is called the “Integrated
Stabilisation Pond (ISP) system.

The function of

Sh’ﬁlﬂgy and Obledwes the conventio-

nal primary, secondary and tertiary ponds are
modified not only to treat the organic wastes
more effectively but also preduce useful biomass
that can be easily harvested, Their efficient opera-
tions also provide high-yield and high—quality
fertilizer and feed that are then utilized to operate
a costeffective and highly efficient livestock pro-
ject. The ‘use of a digester to improve the waste-
water treatment process also provides a conven-
ient source of renewable energy; biogas.

The same ecological principles behind the
traditional integrated farming system, which
recycles all wastes and residues completely
instead of letting them pollute the environment,

as in most parts of the world, are maintained in
the ISP system. So the objectives of the ISP,
which can become affordable for all small and
isolated communities, more significantly in the
tropics, are now aimed at the following:

= Realistic conversion of an expensive municipal
utility, handling a huge volume of water with
only one percent of organic wastes but still with
a very high risk factor, into a paying proposition
that can be handled by one farm family for a
small to medium sized community.
*Improved effectiveness of all natural processes
involved but with minimum external input
except for sun, air and living organisms.
*Complete recycling and reutilization of all re-
sources within the system.

*Optimum productivity of biomass per unit of
area of land for use as energy, livestock feed, hu-
man food and rawmaterial for agroindustry.

Erunctions, Its most

Design considerations
important function
Pﬂﬂ]ﬂfy pond is to settle the organic mat-

ter in sewage for digestion
by anaerobic organisms at the bottom of the
pond, but it also releases objectionable methane
into the atmosphere as a long lasting greenhouse
gas. This can be greatly reduced by having a
shallow (not more than 1m} primary pond and
a much larger surface for better photosyntesis
while reducing the digestion process (fig. 2). Un-
used land such as marshes that cover millions of
hectars worldwide, can be used for this purpose
while converting it into highly productive farms.
If diffused air is supplied, using photovoltaic
pumps during the day, windpumps where ap-
plicable, and frée biogas energy to run a compres-
sor, this greenhouse gas can even be eliminated.
Another important function is to oxidize or-
ganic wastes by aerobic organisms using natur-
ally dissolved oxygen from the atmosphere and
that produced from atmospheric carbon dioxide
through photosyntetic action by natural algea
during the day. But at night the algae consume
oxygen and can deplete it before the sun rises
again. The dead algea accumulate in the pond
and consume oxygen all the time.



INTEGRATED STABILIZATION POND
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As the organic content of sewage, which is
the objectionable part, is converted into the more
aesthetic minerals, reducing the BOD (biochemi-
cal oxygen demand) considerably, new organic
algal wastes are produced. So the primary pond
has only replaced one pollutant by two others:
minerals and dead algae.

Maintenance. There should be adequate oxy-
gen (dissolved or photosyntethic) in the pond at
any time. If inadequate, there will be scum for-
mation and odours besides the health hazards
because less pathogens are beeing destroyed.
The dead algae must be removed by cleaning
the pond regularly in order to improve the per-
formance, but this maitenace is often neglected
or blatantly ignored worldwide and it should
not be allowed by stricter legislation and its en-
forcement. it is false to claim that no maitenance
is required or the final effluent is of bathing qua-
litv, as some goverment or private institutions
do without being challenged.

Effiiency. The efficiency of a primary pond is
measured by the reduction of BOD and fecal
coliforms at the outlet. This will depend on the
algal growth, which is more profilic with ade-
quate sun, warmth and minerals are available.
This is a good reason to introduce livestock into
the system not only to make use of the big vol-
ume of water in the pond, but also to increase the
mineral content.

Role of the Digester. The livestock wastes
should not go directly into the pond but through
a digester which can be as simple as a plastic bag
for a small facility or a brick and concrete tank,
reducing the BOD by as much as 60% for a hy-
draulic retention of 5 days. The additional mine-
rals will ensure a profilic algal growth, indicating
a good oxygen supply during the day, serving
its purpose, but should not reduce it too much at
night. The aim should be to flush as much of the
algae as possible into the secondary pond.

‘If there should be stray fish in the pond (fish
shouls not be introduced in the primary pond),
they will be under stress in the early hours in the
morning because of excess methane and nitrite
caused by lack of oxygen. In the extreme cases,
they can jump out of the water or simply die in

the pond.
Secondary pond Functions, While algae
are required in adequate
quantity in the primary pond for supplying the
free oxygen for oxidation of the organic wastes,
they are not essential to deal with the residual
organic wastes in the secondary pond. The high
mineral content discharged in the secondary
pond will encourage more algae to grow, and
this should not be allowed to happen in order to
avoid eutrophication.

Effiaency. The most efficient way of removing
the algae as well as the other organisms that
grow naturally in the water is to have various
kinds of suitable fish to consume them. The fish
15 then used as high protein feed for pigs and
other livestock, or as food where acceptable.

Here we take advantage of an amazing phe-
nomenon that only occur with Chinese polycui-
ture of many kind of fish that feed at different
trophic levels. So the secondary pond should be
very deep (2.5- 3m) in order to accomodate at
least 6 kinds of fish, see fig. 3.

Fish Polyculture. The productivity of fish can
be increased considerably by good managment
of the pond water to maintain its high quality,
which also means that the waste treatment pro-
cesses in the secondary pond is functioning
well. Besides adequate aeration by some of the
fish themselves to reduce the noxious gases such
as ammonia and nitrite, the processes involved
include the right microorganism growth for
nitrification of the organic matter, and for re-
ducing the accumulation of minerals and sludge
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Fig. 3, Tertiary Canals.
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of the incoming, wastes. Special bacteria can be
bought on the marked to activate such processes.

- The micro—organisms produced daily should
best be totally consumed by the fish population
because any residue obviously becomes a poten-
tial pollutant. Good managment depends on the
right number and size of each kind of fish to
consume its respective feed, and determine how
often the pond has to be cleaned. The proof of its
success is measured by the yearly fish yield
which can be as much as 15 tons/ hectar/year,
when corresponding yield in coventional fish
ponds worldwide (1m average depht) is 3—4
tons. This makes the sewage treatment plant
more costeffective,

In turn the fish also produce their own wastes
which must be naturally treated in the pond
water and converted into more minerals which
must be allowed to go the tertiary pond.

Role of the decp pond. The bigger volume of
water per unit surface area not only increases
the hydraulic retention time for better treatment
of the wastes form the sewage, pigs and fish, but
also capitalize on the natural aquatic biomass
activities which are many times productive than
those on land.

Aututrophic organisms grow by photosyn-

thesis at the top of the pond using solar energy
and atmospheric carbon dioxide. Heterotrphic
organisms grow in the lower part of the pond
using organic matter present as source of both
energy and carbon. A deep pond provides all
the space required for these plankton to grow as
much as possible.

Effidency. The rates at which these plankton
are consumed every day by many kinds of com-
patible fish determines the efficiency of the secon-
dary pond. So far up to 10 kinds of compatible
fish and shellfish have been tried in some coun-
tries, but more research and development are
needed in this neglected field in order to tap this
potential.

The effluent from the secondary pond still
contain some algea and minerals when it enters
the tertiary pond, but not as much as in the pond
that has no fish culture and where the algea con-
tinue to increase without beeing consumed, while
the oxygen released during the photosvnthetic
growth of the algae mineralizes more dead algae.
It is true that in such a case the secondany pond
does not have to be so deep, but it has no tangible
benefits from the big capital investment to treat
such a huge volume of very diluted sewage.
Moreover, a deeper pond only needs an additio-
nal excavation of a few more centimeters and the
extavated soil used to raise the level of the dykes.

Tﬂﬁa_ry pond Functions. The minerals {(ni-
trate, phosphate, heavy me-
tals, etc.) entering the tertiary pond should not
encourage algae or plankton to grow. This is
achieved by having a very shallow (not more
than 50 em) pond with the suface fully covered
to prevent algal growth, and with minimum or-
ganic matter in the pond to reduce heterotrophic
organism growth.
The best and cheapest way to achieve these

" objectives is to grow suitable macrophytes that

are fast growing and can be harvested as easily
as possible. So far the most suitable, particularly
in the tropics, are Lemna and Azolla which
make good livestock feed, with Pistia and
Salvinia next because of their extra fibre that
make them more difficult to digest, even if they
are bulkier and produce more biomass.

Waler Hyacinth is bulkier still, with more
ligno—cellulose that requires microbial proces-
sing to make it more digestable. Other macro-
phytes, which have the additional advantage of
beeing suitable for human consumption, are
Lotus, Water Chestnut, Water Peanuts, Arrow-
head, Ling, etc. .

Operation. The aim is to cover the whole pond
surface within 2-3 days so that solar penetration
is reduced to a minimum. The main problem is
the drifting of the plants towards the end of the
pond by wind. This is prevented by floating
bamboo or wooden barriers to divide the pond-
suface into small sections.

The pond should be buiit like a channel not
exceeding 5m wide for easy harveting with one
person on each side dragging the bamboo or
wooden barrier with a rope at each end. In the
existing bigger ponds, as found in America, the
planting is done in a floating barrier matrix and

the harvesting by a patented special machine.
Removal of Residial Elewnents.,

Final Polishing
The effluent from the terti-

ary pond has very low biochemical oxygen de-
mand and total solids, compared with any other
system in the world, but still has a relatively high
amount of residual minerals that can be distri-
buted stone drains or loosely jointed clay pipes
in clay beds where they are readily removed by
vegetables, fruits and other crops. In order to
make more efficient use of the land and of the
mineralized water, various planting methods
such as multi—cropping, aquaponics, aeropho-
nics, hydrophonics, trellis over pond, and rota-
tion of crops are also used. Any residual algae
can also be retained in the soil and eventualiv be-
come nutrients to fertilize crops. The water that
finally leaches away into any body of water
shouid be completely demineralized, and not
confribute to eutrophication any where.



It is ironic that there can still be a case of tao
much fertilizers in the tertiary pond effiuent
when in most farming systems worldwide there
is a shortage and has to be made good by polluting
and relatively expensive chemical fertilizers.
This is especially so if it is decided to make opti-
mal use of the big volume of water in the system,
as well as maklno the existing ponds more pro-
fitable, by hav:ng more lwestock and a corre-
spondingly bigger digester. It should be noted
that it does not cost so much more to double the
volume of a planned digester before it is built, so
itis important to make the right decision from
the start and provide for the land to use the extra
fertilizers in order to produce sufficient biomass
to feed the livestock directly, or indirectly by
selling the crops to purchase the required feed.

Others Forms of Polishing the Effluent. The
tertiary pond effluent can also be used in different
ways. One profitable product, for both monetary
and nutritional value, is Spirulina which is grown
in very shallow (20cm) basins lined with plastic
sheets or in concrete. Both fresh and sea water
can be used, but an extra source of carbon dioxide
1s necessary for optimum productivity. Presently,
sodium bicarbonate is used but a cheaper substi-
tute is now under study. Presently, some other
forms of algae with the same or even better cha-
racteristics are being investigated. There is no
doubt that that more research and development
is needed to make use of the vast quantity of
plant and animal life still at our disposal.

In areas near the coastline, where the fand is
too sandy to retain the highly mineralized efflu-
ent long enough for plants to make use of the
nutrients, the effluent can be mixed with more
sea water and then used to irrigate and fertilize
salt-tolerant crops like oil-rich Salicornia overa
much larger surface.

Where tidal flats exist, the tertiary pond efflu-
ent can be discharged into corrals where crops
like Spartina could be grown, making use of the
minerals available. In shallow lagoons, Euch-
euma can replace the spartina. All these plants
produce much biomass from which agar-agar
can be extracted for the icecream and sweet indu-
stries, with the residues used as livestock feeds.

COHC[USIOH One big criticism of stabiliza-

tion ponds all across the world
is that they occupy too much land, which is not
justified for dealing with dilute wastewater that
contains so little pollutants The fact that they do
not work as claimed in almost every country
exept where they are over-designed to delay the

day of reckoning, because of the lack of matn-
tenance but more often because the ponds are
not cleaned when required, is often conveniently
ignored. It is the same story with conventional
sewage treatment plants, which mostly convert
the organic pollutants in the sewage into inor-
ganic ones and and shift the problem somewhere
else. But the pollution, as we now know too well,
just as we have learnt of other pollution problems
from the CFC and other noxious gases emitted
mostly by the industrialized world, is still there.
All this reflects badly on the integrity of the
multimillion dollar sewage or waste treatment
industry, which is expanding its activities to the
developing countries where the poor people
cannot afford such defective methods to deal
with such a simple act that Mother Nature is S per-
forming all the time.

ThlS is what The Integrated Stabilization Pond
System is all about: imitating all the natural
processes but enhancing them with appropriate
sctence and technology, besides plain common
sense from the farmer, the engineer, the agricul-
turist, the economist, the sociologist, and the
honest politician. It has solved the existing prob-
lems of organic waste treatment
bv solving the existing prob-
lems of modern farming, which
uses chemical fertilizers, toxic
pesticides and fossil fuels while
putting farm families out of
work.

The Integrated Stabilization
Pond System tranforms an isol-
ated and badly maintained
waste treatment facility into an
Integrated Farming System of
livestock, fish, plants and even
agroindustry that can be mana-
ged by one or two farm families
living a rewarding life on the
premises. Because of the tang- .
ible benefits, the incentive is
there for doing the maintenance
and the cleaning when requi-
red, while the new system im-
proves the effectiveness of all
the natural processes involved
optimizes productivity of vari-
uos biomass for food, feed and
fuel on unit area of land; and
recycles all the resources for
maximum reward —all without
degrading the precious envi-
ronment or depleting the limi-
ted natural resources.



Mads Korn

The Dike-Pond Concept:
Sustainable Agriculture and Nutrient

Recycling in China

Following rapid industrialization in China, traditional inte-
grated-farming techniques are being lost before their
potentials have been properly assessed. South of Canton,
organic farming and waste recycling have been practiced
for centuries in a dike-pond system, which still offers sus-
tainable income opportunities and a multiple-crop yield
which is, per area, among the highest in the world. Within
the system, leakage of nutrients and the use of chemicals
are minimized. A study of the dike-pond concept peints at
simple ways to reduce unfavorable environmental impacts
of food production.

INTRODUCTION

The old Chinese dike-pond concept is one of the most efficient
ways of farming a land area, with a production of diversified
crops, and a carrying capacity of 2040 tonnes (t) ha yr™' (1),
The dike-pond system (DPS) evolved over several millenia as
an intensive agricultural technology integrating commercial
cultivation of vegetables, sugar cane, napier grass, mulberry,
sericulture, carp polyculture, and livestock farming.

The integrated-farming concept is remarkable in its adapta-
tion to existing natural conditions and high nutrient recycling,
and the methods have spread to other Far Eastern countries.
Apart frem the production yield, in principle not surpassed out-
side China, major differences exist in other countries in the ex-
ploitation of off-farm wastes, the contribution of benthic fish spe-
cies, and the dimensions of the ponds.

In the People’s Republic of China, the per capita availability
of arable land ranks among the lowest in the world, and the DPS
concept was almost certainly developed because of the shortage
of basic commodities. Today, however, the traditional DPS may
be regarded as an economically feasible and extremely high-
yielding farming concept which builds on the accumulated
knowledge about self-sustainability. Above all, DPS implies
balanced exploitation of the environment for the production of
food. For three decades after the foundation of the People’s Re-
public of China in 1949, DPS was organized in accordance with
socialist collective principles (1). With the introduction of na-
tionwide rural reforms in the late 1980s and household respon-
sibility, the managerial organization of DPS was radically altered
(2). The typical DPS farming unit is now on average 0.2-0.5 ha
which is managed on a semi-intensive or intensive basis by

Figure 1. The feeding interactions of the most common Chinese carp specles In polyculture. From upper left: the
Grass carp forages on macrophytes; planktivorous fishes are Silver- and Bighead carp; bottom species are

detritivorous and omnivorous Common- and Mud carp. (Box 1).
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Box 1. Chinese Carp Species

The Silver carp (Hypophthalmichthys molitrix) is charac-
terized by its preference for phytoplankton fractions, and
the efficient filtration and transformation of such matter
to fish proteins. Thus, the Silver carp constitutes a direct
linkage between. on the one hand, suspended nutrients and
fish growth and, on the other, the growth of the bottom
dwelling fish species which exploit its faeces and other
organic debris.

The habitat of the Bighead carp (Aristichthys nobilis) is the
middle water layers, a little below the stratum of the Sil-
ver carp. The Bighead carp also filters out plankton, pri-
marily zooplankton.

The Grass carp (Ctenopharyngodon idella) is unique in
feeding primarily on macrophytes and coarse vascular
plants. It uses most common types of farmyard waste, re-
cycling the primary products directly to become valuable
fish meat. Consequently, the Grass carp is an ideal com-
ponent of any integrated agricultural practice. Although
the assimilation efficiency of coarse components is not
very impressive, faeces constitute a readily available en-
ergy source for other carp species, and release inorganic
nutrients to the plankton population of the pond.

Through the coexistence of Silver carp and Bighead carps,
pond water is continuously purified to sustain a higher
density of Grass carp. But such stimulating interactions
are complex, as becomes obvious when overall nutrient
balance and the microbial and plankton dynamics are
considered.

Eventually, detritivore and omnivore benthic fish species
(i.e. Cyprinus carpio and Cirrhina maolitorella) are im-
portant for the exploitation of farm wastes, since a large
amount of matter sooner or later ends up on the bottom
of the pond. The bottom feeders also play a significant role
in the process of resuspension, from which the coexisting
pelagic species benefit,

Ambio Vol. 25 No. |, Feh. 1996

The farmer inspecting his ducks integrated in the fish pond. A screen
of Cucurbitacea provides some shelter for the ducks. Fertile vegetable
beds surround the pond. Photo: M. Korn.

diligent family entrepreneurs. In the southern provinces the
system has developed to cover an area of 800 km® in the Pearl
River Delta region (Zhujiang Delta, south of Canton), where it
supports a population of more than 1.2 million (1, 3-5).

The traditional Chinese farming concept is now threatened as
a result of industrial development, urbanization and monocul-
tures that rely on commercial fertilizers, etc. Yet the DPS has
not been sufficiently researched. In a global context, the high
efficiency and sustainability of traditional DPS-farming renders
the concept suitable for wider dissemination.

AQUACULTURE

Aquaculture plays an increasingly important role in the supply
of fresh fish products on a worldwide scale. The United Nations
Food and Agriculture Organization (FAQO) reports the production
of farmed fish to have more than doubled since 1984, to a total
of 16 million tonnes by 1993 (estimated value USD 35 000
million). The People’s Republic of China supplies about half of
the total world production (6).

Fish constitute a major source of animal protein throughout
the world, and especially so in many subtropical and tropical
countries (7). Fish farming is significant in food production be-
cause of the high production output and the nutritional value of
fish products. The relatively high production capacity is a re-
sult of the impressive physiological efficiency of fish in convert-
ing nutrients to energy and animal protein, In this respect, fish
are unsurpassed by other vertebrates (8, 9).

In China, the pond is always the primary source of profit in

i Royal Swedish Academy of Sciences 1996 7



integrated agriculture; the heart of the traditional DPS concept.
In the DPS, the best land to water area exploitation is thought
to occur at a 2:3 relation; with multi-layered crops, vegetables
and livestock on the dikes surrounding a central fish pond.
However, due to ageing, erosion and fish being the primary cash
crop, some ponds in the Zhujiang Delta appear to have expanded
recently and now have a 2:4 (or more) relationship. The depth
of a pond is typically 3.3 m from bottom to the level of the crop
on the dike (or 1.7-3 m of water) (1, 10).

FISH POLYCULTURE

China is among the oldest nations to cultivate fish and, unlike
European enterprises, several different fish species, mainly carp,
have been raised together in polycultures (10). Managerial
methods may differ from region to region, and the ratio of the
different species of carp varies somewhat. The stocking ratio
depends on species availability, market prices, the actual growth
of the fish and the season of the year, etc. Nevertheless, a form
of empirical guideline for the farmer has been accumulated over
the years, based on the behavior and feeding strategy of the
fishes.

Basically, 4-5 species (or more) of fish are stocked in the same
pond to exploit different water levels and feeding niches {(11).
The varied feeding strategies of the different carp species per-
mit the exploitation of organic matter of different origin and
composition; species are able to filter out the water plankton and
exploit coarse vascular plants, which are an important nutrient
source in integrated farming and pond dynamics (10, 12-13).
Each species seems to utilize and generate its own distinctive
environment, and the species integrate well in a healthy equilib-
rium. This is due to synergistic effects at the interspecies level,
and productivity is related to the management of the pond. Thus,
a Chinese proverb is that “one Grass carp sustains the growth
of three Silver carps” (Fig.] and Box 1).

In the subtropical monsoon region of the Zhujiang Delta, tra-
ditional polycultures allot a high priority to demersal fish species
like the Mud carp, Common carp or the Crucian carp. Such
benthic species may constitute 85-92% by number of the total
carp population. Harvestable yields may typically result in 21,
19, 17, and 43% (by weight), of Grass-, Silver-, Bighead carp,
and benthic species, respectively (10. Chen, Y.L, pers.comm.).
Many ponds are managed in mixed age and size combinations,

in a rotation of harvesting and stocking, so as to maintain the
optimal fish density throughout the cultivation period and at any
time adapt to changes in market demands (1, 10). For waste-fed
aquaculture it is an advantage that most carp species tolerate
extremely low levels of dissolved oxygen (< 1 ppm), particularly
occurring during the night (16). The success of any farmer in-
volved in waste-fed fish culture depends on the skillful man-
agement of its small, man-made ecosystem. At its best this con-
stitutes a balanced system, which for a reasonable input may re-
turn quite an impressive output,

Pond Input

It is also true for DPS that the more you feed the fish the better
the harvestable yield. The technology used in the traditional
management of the pond and fish feeding, is principally green-
water aquaculture. Organic fertilizers (viz. faeces, urine, and
household wastes) are transferred to the pond; mineralization
takes place in the water to render the inorganic nutrients avail-
able to naturally occurring phytoplankton. Due to the predation
pressure on zooplankton, which results in relative scarcity, en-
hanced microalgae populations increase to a high density and
constitute a major part of the diet of the pelagic fish species.

Guidelines for the correct administration of different natural
fertilizers have evolved. These guidelines are essentially, for
nitrogen (N) and phosphorous (P): 1.5-2.2 and 0.2-0.5 t ha™'
yr', respectively (17-20). It is not possible to characterize the
value of manure on an absolute scale, but some examples from
Chinese experiences are presented. On an annual basis, the pro-
duction of 10 t of fish ha™', may consume up to 75 t duck ma-
nure or 454 t pig manure or 550 t cattle manure ha™ (wet weight)
(10, 19). Ducks are obviously the most efficient contributors and
often physically share part of the pond. The recommended con-
tribution through manure from different livestock species and
the way this may be integrated is summarized in Table 1. Prin-
cipally, urine contains higher levels of N and potassium (K) than
faeces, whereas the content of P is higher in facces; with the ex-
ception of pig manure (19). However, each pond may in princi-
ple be regarded as unique and general guidelines should be ob-
served with caution,

The traditional DPS preserves important knowledge and skills
that are currently needed in the management of waste-fed sys-
temns. Correct administration of manure is needed to fertilize the
pond according to the variations encountered in water dynam-

theoretical max production of 200 t ha™" yr™' of sugarcane.

Livestock/ Figh sustainability Manure yr'

fanm wastes kg ww fish kg ww(dw)

1 duck. 55 42

(0. 18 duck m™)

1 pig 44 2000

(938)

1 cow 272 15 000
{7031}

1 ha vegetables 2400

{10 tonnes)

1 ha sugarcans 1250

{50 tonnes **}

;gh“a mut_ll:.kerry: 504

silk pupas
12 1;8 kg Ig‘n.'lgla
axcreta 129

Tabla 1. Tha recommended annusl confribution of farm wastes and |ivestock
manure from different species and the sxpected fizh susiainability; primarily
through enhancement of plankton growth (data from (10}). Data marked * from
Chen, Y.L. and Li, pera. comm., 1992. Data marked ** are extrapolated from a

ics, climatic conditions, stocking density, and agri-
cultural interactions. High phytoplankton densities
often show inherent oscillations, leading to periodic
anoxia and plankton population crashes, but these
may be controlled in advance by actively limiting
the nutrient input. A skilled farmer gauges the
condition by the color of the pond’s water: Should

Valuo * the balance of the system be affected, he takes steps
usb to adjust it, e.g. by exchange of water or liming.
05 From an environmental point of view it is inter-
’ esting to note that, since water is costly, a fish pond
a0 is normally managed without effluents. Apart from

in emergency situations, emission of water is al-
lowed only once or twice a year, in association with
fish harvesting, pond excavations, and the exploi-
tation of pond deposits for soil fertilization (21).
When commercial fish feeds are available, a
supplement may be added prior to harvesting in
order to fatten the fish. When these products are not
available, soybean products and ricebran are gen-
erally added to the pond. The quantities that are
administered are difficult to assess, The amount of
commercial fish feed that is added is the amount
considered necessary to optimize the output. In

8 © Rovyal Swedish Academy of Sciences 1996
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traditional DPS, a typical input of fish feed corresponds to 10%-—
20% of fish-marketing prices. The commercial fodder supple-
ment, if any,-could typically be 3-7 t ha™' yr' (22). In China, a
considerable quantity of farmyard waste, garden-plant debris, and
harvested vascular plants like napier grass (Pennisetum
purpureumn) and water hyacinth (Eichhornia crassipes) is pro-
vided as basic fodder: the water hyacinth is primarily regarded
as a nuisance in many other countries. In newly started ponds,
the water is conditioned by decomposing grass and selected
herbaceous plants (Tatsao/Dacao; plants belonging to the
Asterales, Laminales, and Scrophulariales) which are put in the
pond as a basic fertilizer 5-10 days before stocking. On low-
nutrient soils. urban off-farm waste is imported to the farm or,
alternatively, small amounts of inorganic fertilizer are applied,
at least during the first 3-5 years, to enhance the nutrient status
of the farm. As reported by Ruddle and Zhong (1), up to 40%
of the excrement, household waste, and vascular plant material
that is used may be purchased as off-farm products and trans-
ported to the DPS.

In the nutrient budget, it may be difficult to assess the contri-
bution of farm wastes to the actual growth of the fish in a certain
pond. This is partly because of the complexity of pond dynam-
ics, which depend on the biological processes involved in the
decomposition of organic matter, some of which is directly
consumed by the fish, and partly because of the seasonal varia-
tions which are reflected in the management procedures. The
general inconsistency of the currently available input data may
also make assessment difficult. A typical net primary production
of pond phytoplankton is 22.4 t (dry weight) ha yr' (1, 23);
about 3 ¢ C m~ day . This corresponds to about 1/3 of maxi-

Figure 2. Artists view of the complete integrated dike-pond farming
concept; comprising multiple cropping on the dikes, ducks, and the
central polyculture fish pond. ,
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mum primary production, measured in tropical upwelling areas
of the world oceans (24).

Concerning the nutrient budget, fish recovery rates are re-
ported to be 6-12% (or less) gross fish efficiency, relative to
input of gross primary production and feeds (25, 26); major
losses being community respiration (20, 27) and sedimentation.
Avnimelech and Lacher (28), for example, found a net sedi-
mentation of 25% carbon, 75% nitrogen, and 80% phosphorous
in intensive monoculture; that is without resuspension by
benthivorous fish species. The complex energy conversion ra-
tio of 10:1 (between the total energy input and energy of fish
production) has been calculated and discussed (1).

Fertilized ponds and eutrophic lake systems attain high den-
sities of plankton populations and support large quantities of
microorganisms (pico- and nanoplankton). Recent research has
focussed on the microbial processes, where decomposers interact
with the herbivorous food chain and constitute a significant en-
ergy pool (20, 29-31). Thus, a complex interaction of bacteria,
protozoa, fungi, meiofauna, and detritus, is vital in waste-fed
aquaculture, but it also immobilizes a proportion of the existing
nutrients. Further research into detrital food chains is necessary
to elucidate mass-balances and system dynamics with the ulti-
mate goal of improving fish yields.

Pig manure and excreta of mixed origin are quite often fer-
mented together with other organic waste before the substance
is added to the pond or applied on the dikes in controlled fertili-
zation. The biogas which is hereby produced is sometimes ex-
ploited by Chinese households or in the large collective farming
villages, which may rely upon pig manure for the generation of
electricity for light, and on methane for cooking. Some villages
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are totally self-reliant as regards energy today, although energy
is not their primary production (32).

Pond Output

Statistically, an attainable output from the intensively managed,
multi-cropping subsystem is 7-10 t fish (ww) ha™' yr''. Higher
vields are achieved through supplementary feeding and me-
chanical surface aeration; practiced during morning hours in
midsummer or round noon for agitation purposes. Registered
maximum yields for traditional carp polyculture are up to 15—
22 tha (1, 10, 22, Guangzhou Statistic Bureau -1992, Zhang,
C. and Ma, K., pers. comm.}. These fish yields are extremely
good compared with other aquaculture facilities under compa-
rable technological and subtropical conditions (18, 19). For
comparison, in Bangladesh the current target is an improvement
of the annual output from as litile as 0.5 to 3 t ha™' (33, 34,
Danish Foreign Ministry, pers.comm., 1994),

Reported fish-feed coefficients are from 0.75 to more than 2
(10, 22), which implies a consumption of 1 to 2 kg of fodder to
grow | kg fish (dry feed to live fish weight). By Western stand-
ards, an optimized, intensive fish culture may attain conversion
rates from 0.8 to 1.2; i.e. trout culture (35, 36, Forsggsdambruget
i Brens, pers.comm.). However, efficiency data at this level are
not directly comparable, because of uncertainties relating to the
water content of the fodder and contributions of organic debris
and enhanced plankton.

The price of fish in China began to fluctuate after the planned
economy system was partly abandoned. In the region of
Guangzhou, the 1992 prices for the four most common carps
varied between USD 0.6-0.9 10 1.9 kg™' fresh fish. Fresh eel was
USD 7.7 kg™', Largemouth bass was USD 4.9 and Mandarin fish
USD 9 kg™'. Current trials with new aquaculture technology (eel
culture in particular) indicate that profits may be around 30%
higher than with traditicnal carp culture (22, statistical data from:
Tong, W.F.,, Li, Z.M., and Liang, S.H., pers.comm., 1992),
Therefore, fish polyculture is gradually being replaced by
monocultures with exportable outputs. However, the widespread
DPS multi-cropping simultaneously offers a large additional
output of basic crops from the fertile dikes surrounding the pond.

HARVESTABLE CASH CROPS

In integrated agriculture in the Zhujiang Delia, the year-round
crop cultivation on the dikes and associated waters represents
complex seasonal rotation and biennial inter-cropping. There is
no slack season, and the dikes are continuously cultivated.
Composted household waste is applied as the principal fertilizer
in a quantity of 35 t ha”' yr”' to bananas and 90-180 t ha™' yr”'
to vegetables, 2-3 times a year depending on the particular crop
rotation. As a supplement, in certain lots, some 3000 m™ ha™
yr' of pond mud (approx. 4300 t dry mud) and occasionally,
1.7 o 3.8 t of urea may be applied in nutrient- poor subsystems
(1). The typical vegetables of the region are species of cabbage,
spinach, cucumbers, beans, peas, and root crops. In additien,
many fruit trees are cultivated, such as citrus, lichee, mango,
papaya, elc.

An area of dike-ponds of 6 ha may produce a total yield of
around 220 t (ww) yr™', This corresponds to a mean of 37 t ha™
yr'' of differentiated vegetable/crop and livestock harvest, or
between 10-80 t ha™ depending on the composition of crops
(Table 2.). According to Chinese standards, the income from the
integrated cultivation system is enough to feed 143 persens
ha™', as compared with 11 persons ha™' in paddy field farming.
About 3 full-time annual labor inputs of average intensity are
needed for the overall cultivation of one ha of dikes and ponds
(1; Zhong, G., pers.comm.).

A comparison with cropping results elsewhere can only be
indicative, since climate and soil characteristics, crop type, spe-
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cies variety, and the harvesting and removal of organic matter
from the farm significantly affect available data. The yields of
a modern organic farm in the temperate zone may be selected
as one reference, e.g. waterfed, good and fertile soil in Denmark.
The output here is up to 22 t ha™ yr' (equivalent to 18 t dry
weight) of beet which is harvested after a growth period of nine
months On organically manured ‘ecological’ plots, up to 10 ¢
ha™ yr' of cereals (equivalent to 4.5 t barley and 4.5 t straw,
dry weight) and 12 t of clover may be grown. The yields of
vegetables in European countries are often much lower partly
due to national legislation and the restrictions on organic ferti-
lizer (37, 38, Mikkelsen, G. and Kristensen, E.S., pers.comm. )
From Sw|ss experiences, between 20 and 27 t ha™' vegetables,
29.9 tha™' beetroot, and 31 t ha™' potatoes may be produced an-
nually from organic farming (39).

Although the average and maximum productivity of plants are
highest in the tropics, different physiological adaptations render
the net productivity of many climax vegetations comparable
throughout the world (40). Thus, biological adaptation seems to
compensate to some extent for an unfavorable climatic environ-
ment. Different cultural and seasonal inputs impose the major
constraints on our comparison,

CONVENTIONAL FARMING

Modern conventional farming is a concept essentially different
from organic farming in every respect. In industrial countries,
the yields attained in conventional intensive farming are expected
to exceed those of organic farming by 10-30%. Data from
Danish mixed dairy farms indicate a difference of 20-37% for
grain crops and 12-18% for fodder beet (41, 42). Results from
some Western countries show a mere surplus of 2% for cereals
and 1% for potatoes (39).

However, the largely subsidized overproduction of the Euro-
pean agricultural sector has recently brought about financial
strain and political embarrassment, in the form of a growing
concern about the environment, and the realization that finite
natural resources need to be carefully managed. Recent studies
in the USA concluded that the reduced use of agrochemical in-
puts may markedly lower production costs and lessen agricul-
ture’s potential for adverse environmental and health effects,
without necessarily decreasing, and in some cases even increas-
ing, crop yields and the productivity of livestock management
systems (43).

Modern Western aquaculture relies on fossil fuel, a continuous
exchange of water (flow-through facilities), acration with puri-
fied oxygen, automatic feeding, and regular pharmaceutical ap-
plications. An intensive Danish fish farm, in 1995, produces from
500 to almost 2000 t ha™ yr™' of fresh fish, such as trout or eel
(Danish Trout Growers Association, pers. comm., 8). To reach
this production level, trout farming in Denmark consumes more
than 30% of overall operating expenses in enriched fish feeds.

Tahis 2. The harvestable yield from
ona hactare of arable land in the
traditional DPS agricultural concept
Data are given aa biomass, wet
waight (data (1}; Zbong, G., pers.
comm.).
Annual yield fonnes ha™
Live fish 10
reana 75
Mul 20-30
Sitk worms 1.9-2.25
Vegetables 80
Bananas 30
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European salmon industry consumes 6 times more energy in feed
than that expended in the remaining activities directly involved
in conventional cage farming (44). Up to 20-40% of automati-
cally added feeds may be lost through the net meshes and cause
severe local eutrophication (45, 46). In terms of weight, 7-31
times more nitrogen and 3~11 times more phosphorous per kg
of fish produced is released to the environment, than in waste-
fed fish ponds (47).

Since extruded feeds are much more expensive than fertilizer
and nutrient conversion efficiency in green-water aquaculture is
considered to be only slightly less than in intensive Western fa-
cilities, this could have significant implications for reducing ex-
penses in fish-production.

ENVIRONMENTAL CONSIDERATIONS

Water shortage is a matter of global concern, which can put the
viability of large urban areas in question. Enormous land areas
are affected by recurrent floods due to erosion and silt deposits
in major natural reservoirs. The described farming system rep-
resents a useful tool for land and water management. The con-
cept is well suited to the exploitation and transformation of
wetlands and riparian ecotones under subtropical and tropical
monsoon conditions. In these areas, seasonal flooding and ero-
sion constitute major threats to grain and crop production, and
yet water may be scarce in the dry season. Alluvial soils can be
converted to year-round fertile pasture when ditches are con-
structed, since basins and channels reduce the negative conse-
quences of occasional flooding. The dams and their associated
supply and drainage canals are essential for the irrigation of ad-
jacent farmland, notably paddy fields, and may serve as a water
reservoir in dry seasons.

In the People’s Republic of China, environmental problems
have become more acute during the last decade, and water pol-
lution has increased, even in rural areas, with high concentra-
tions of leached fertilizers, pesticides, and industrial contami-
nants {(48). Dike-pond farming is currently converted into prof-
itable eel and carnivorous fish aquaculture, simultaneously im-
plying the increased use of refined nutrients, antibiotics, pesti-
cides and fuel input.

The chemical impact of the “Green Revolution” has spread
unevenly over the world because of the differences in ecosystems
and socioeconomic factors in different countries. Thus, the Eu-
ropean farmer deposits an annual average of 224 kg mineral
fertilizer on each ha farmed; in Asia the figure is 168 kg ha™
yr', and in Africa between 8-11 kg ha™' yr' (49). In the current
situation, where surpluses are the Western norm and the cost of
maintaining these surpluses is unacceptably high, less intensive
production methods with lower levels of output may be prefer-
able to taking large areas of land out of agricultural production
altogether. Organic farming methods may generally help to re-
duce the environmental damage caused by human activities, such
as leaching chemicals.

Integrated systems are managed according to the principles
of ‘modern’ organic farming. Often, the fertilization relies ex-
clusively on the natural mineralization of such organic wastes
that are locally available; favoring microorganisms and their
conversion of energy from decaying plants. One of the most
important functions of these microorganisms is the fixation of
atmospheric nitrogen and the oxidation of methane. In the DPS,
all waste matter is considered a precious product which is
recirculated on location or sold to neighboring farmers. Signifi-
cant quantities of household waste are even channelled from the
urban centers to be recycled as fertilizer for the dikes. Since an
exchange of the pond water tends to generate unstable internal
conditions, water effluents are rarely discharged from the fish
ponds. In this regard, the DPS serves as an important buffering
sink for large amounts of household waste in the process of being
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Box 2. Green-water Technology

The color of the water is one of the basic instruments in
the management of Asian aquaculture. The coloration is
due to the combined effects of plant and animal plankton,
suspended microorganisms, detritus (feed, dissolved
matter), and metal ions, etc. In the green-water technique,
water is inoculated with organic fertilizer, and the natural
growth of planktonic organisms is stimulated to a high
density before the water is considered suitable for stocking
with fingerlings. Green water is considered a highly valu-
able resource once the desired pond-water conditions have
been established, and the farmer strives to maintain it in
a stable and dynamic state. Skilful and flexible manage-
ment adjusts the visible criteria any time, and this is re-
flected in harvestable yields. Water exchange is rare and
performed with caution.

The successful cultivation of fish relies on the managerial
conirol of the water color. The green matter serves to sta-
bilize and improve the physical and chemical water envi-
ronment, since potential toxic substances are reduced, the
content of dissolved oxygen is increased, fish stress is re-
duced, and cannibalism and certain diseases are sup-
pressed. It has been shown that autochthonous elements
present in microcosmic water may directly induce better
shrimp growth than can be obtained in clear water re-
gardless of feeding (54).

recycled. Organic matter from the DPS is degraded and miner-
alized in the dike soil or in the microbial food web of the pond.

The described agricultural system, with its many sub-units of
ditches and stagnant waters, has perhaps not yet been properly
appreciated as a waste-management method in communities that
cannot afford a sewage system. Recently, pond constructions
were suggested as a suitable type of wetland for nitrogen re-
moval, with the ability to retain 0.07-7 t N ha” yr”', depending
on the nitrogen load (50). In areas of rapid urbanization, modi-
fications of the existing system would definitely be applicable
as a kind of biological filter, comparable with the latest tech-
niques for biological degradation of industrial pollutants, or for
retention of leaching fertilizers in artificially flooded meadows
and “root-zone” facilities.

In a global effort to minimize dependence on finite sources
of energy and to alleviate the prevailing scarcity of fuelwood,
biogas has an obvious potential. It has been proposed that a larger
amount of the organic waste matter be treated in a methane
generating pit to reduce the loss of energy from the pond detri-
tus and to improve the overall energy efficiency. Hence, in some
parts of China, biogas fermentors are widely used; the residue
which is produced still retains most of the nitrogen and phos-
phorous of the biomass, and is of considerable value as a ferti-
lizer (1, 32, and Chan, G.L., pers. comm.).

Eventually, combinations of agriculture with waste-fed fish
farming and aquaculture development may imply certain health
hazards, like the transfer of enteric microorganisms, e.g. salmo-
nella and, depending on the regional distribution, malaria,
onchocerciasis (river blindness), schiztosomiasis (bilharzia) and
leptospiroses (51, 52). Fermentor treatment of excreta and other
waste serves to reduce the health hazard associated with such
matter, because it neutralizes most bacteria and major pathogens.
Infections and parasites in the fish are also reduced by this
sanitizing of fecal matter. It might be concluded that waterborne
infections, and health hazards imposed by the diseases borne by
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water-dependent vectors, will infringe on the net result of the
DPS. Simultaneous measures to diminish some DPS-associated
health hazards must be encouraged, however, further research
is needed to determine exactly how (53). The cultural obstacle
to the use of human and animal excrement as a pond fertilizer,
unacceptable in a large part of the world, could be solved in this
way.

SUMMARY AND CONCLUSIONS

The Chinese dike-pond farming concept is one of the most pro-
ductive agricultural systems in the world, and is able to sustain
a population of more than 140 persons ha ', In certain regions,
this traditional integrated-farming concept is capable of in-
creasing the productivity of arable land area by a factor of almost
100, taking into consideration all its different products from the
same plot. Anually, 30-80 t ha' of crops may be harvested from
pond-adjacent land which is fertilized with 35-100 t ha™ y™' of
domestic waste and large amounts of excavated pond deposits.
The hub of the DPS, i.e. cultured carp species, convert most of
their energy from detritus and natural plankton and need very
little fish feed. The pond plankton reaches high densities from
the mineralization of added organic waste and resuspended de-
bris. In DPS, with carp polyculture, 10-15 t ha™ y of fish or
more may be harvested from the addition of manure correspond-
ingto I-2Ntha'y™".

Conventional modern farming has been accused of environ-
mental degradation, and of creating potential health hazards in
the food as well as decreased food quality. Organic agricultural
methods, less costly and less dependent on finite resources and
infrastructure, are an alternative. In organic farming systems,
including DPS, ecological diversity is preserved, and the in-
vestment risk is low compared with monoculture systems. The
described traditional Chinese farming concept may be fully
competitive with conventional agriculture and in some cases may
even increase per area yields. Moreover, DPS offers sustainable
income-generation opportunities.

Our world has a population problem, a food problem, an ex-

Traditional DPS plot with mulberry dike and fertile water.
Photo: M. Korn.

cess of manpower, and a shortage of arable land. Sustainable
technology and simple managerial methods are needed and in
demand. Many countries in warm regions would benefit from
adaptation of the Chinese DPS model, if sociocultural conditions
and local resource-management methods were adequately con-
sidered.

Ditches and dams are an important tool in land and water area
management. Retaining water and soils, the dikes and reservoirs
serve as an important pool for nutrients. In principle, they are
easily modified to a suitable sewage-treatment system for re-
ducing the industrial impact on the environment.

Industrial development in the People’s Republic of China in
the last decade has shown little respect for the environment and
indigenous farming technology. The old dike-pond system may
disappear completely before the potential of this traditional and
sustainable integrated-farming concept has received the atten-
tion it deserves in a global development context.

Buffalo grazing on the
banks of the supply
channel. Napier grass,
shrubs, tatsao species
and bananas.

Photo: M. Korn.
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.

Multicropping with napier grass banking the pond and bananas and
some citrus on the central dike. Photo: M. Korn.
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socially and environmentally appropriate '
wastewatertreatment for Vietnam

THE HANOI SYSTEM

Hanoi, the capital city of the Socialist Republic of Vietnam has a
population of more than 1 million people, about 40% of whom live in the
old city which is served by a central, combined wastewater :
stormwater, drainage system. The wastewater flows southwards by
gravity to low lying Thanh Tri district where it is treated by a fraditional
system : the nutnients in the wastewater are reused to grow fish, nce
and land and aquatic vegetables which form a significant part of the diet

of the city’s people.

HISTORICAL DEVELOPMENT

The system has been developed mainly by the farmers of Thanh Tri district
through experience accumulated over the past 30 years. In 1960 this district was a
sparcely populated backswamp where rice produced low yields; the crop was also
frequently destroyed by flooding. Farmers began to experiment with wastewater-
fed fish culture but fish yields were low : there was only wild fish seed from the river
to stock the fishponds and the supply of wastewater to, and drainage of water from,
the fishponds were inefficient. During the 1970s the canals were deepened and
pumps were installed to supply wastewater to fishponds and rice fields, leading to the
evolution of the large-scale system in operation today.



SYSTEM OPERATION

WASTEWATER TREATMENT
There are no large, conventional, wastewater treatment plants in Hanoi. The
daily discharge of 320,000 m* of wastewater flows by gravity to Thanh Tri district

where it is treated by the agricultural-aquacultural reuse system.
The area is dissected by the

Kim Nguu and the To Lich rivers
which drain the wastewater from
the city. Thewastewateris pumped
from these rivers into concrete
channels which distributeit to fish-
pondsandfields. Asitflows through
these farms it is treated and re-
used before being dischargedinto
the Nhue river.

Wastewater flowing into a fishpond



Analyses ofbiological oxygendemand (BOD,) indicate significant reduction with

| distance along the Kim Nguu river from which wastewater is repeatedly withdrawn

and discharged for reuse. BOD, fell from 90 mg/l at Lo Duc Sewer at the head of

| the system in municipal Hanoi to 8 mg/l at Phap Van near the Nhue river in the dry
season in 1994. Visual observations confirm these scientific measurements,
demonstrating a high wastewater treatment efficiency of the system.

‘ Rawwastewater

REUSE _
Wastewater is reused and treated in
four main types of farming:
® Fish culture in 200 ha
= Rotation of rice and fish culture
in 400 ha
= |and vegetables
= Aquatic vegetables

Fishharvest

Cultivation offand vegetables

& Cultivation of aquatic vegetables



The farmers have learned by experience to regulate the amount of wastewater
pumped into their fishponds. The black, deoxygenated wastewater from the rivers
mixes with and fertilizes pond water, colouring the water green asitproduces plankton
uponwhich thefish feed. Greenwaterisideal as thisindicates a productive and healthy
environment for fish. If the pond water clears the farmers pump large volumes of
wastewater into their ponds but they avoid pumping too much wastewater which
would lower the dissolved oxygen and raise the concentrations of ammonia which
wouldkill the fish. Yields of 5-8 tonnes of fish such as silver carp, rohu andtilapia are
harvested annually per hectare.

Farmersrotate rice and fishin shallow ponds located at a distance fromthe rivers
where the supply of wastewater is insufficient to culture fish in the dry season. Fish
yields of 4-5 tonnes and rice harvests of about 3 tonnes per hectare per crop are
harvested from these sites.

A wide range of land vegetables such as cabbage and kale, and aquatic
vegetables such as water spinach, are irrigated and fertilized with wastewater
throughout the area.

SYSTEM BENEFITS

® Employment for farmers in Thanh Tri district and for wholesalers
and retailers of fish, rice and vegetables in municipal Hanoi

= A supply of relatively cheap food for poor consumers in Hanoi.
About 4,500 tonnes of fish cul-
tured in wastewater-fed fish
ponds in Thanh Tri district are
sold annually in Hanoi which
comprise 40-50% of the total
fish supply of municipal Hanoi

= Alow-cost system to efficiently
treat wastewater

i A healthy environment in the
suburbs of Hanoi which acts as e

a lung for the city S P‘- Employment of women in
> g vegetable cultivation




Marketing fishin Hanoi

Silvercarp, rohu, tilapia

NEED FOR STUDY

The locally developed, wastewater treatment and reuse system of Hanoi
remains to be subject to detailed, interdisciplinary, scientific study. Proposals to
introduce Western mechanical systems of wastewater treatment would be premature
without proper consideration of the benefits of the current system; although poorly
understood, this effectively treats wastewater and provides significant additional
social and environmental benefits to the city.

It is proposed that an interdisciplinary study be carried out on the Hanoi
wastewater treatment and reuse system, considering:

 its importance and efficiency in wastewater treatment

 its importance and efficiency in wastewater reuse in agriculture and

aquaculture

® potential risks to public health, both pathogens and toxins, for farmers and

consumers, from fish, rice, and vegetable cultivation and their consumption

# the degree to which the area can resist pressures from urbanization and

other alternative land uses

u the possibilities for technical improvements of the system in terms of more

efficient wastewater treatment and more efficient wastewater reuse

= asocial and environmental analysis of the costs and benefits of the

system,with emphasis on their impact on women, children and the

poor.
INTERNATIONAL RECOGNITION

The social and environmental value of wastewater-fed fishponds is recognized
internationally:
® The International Union for the Conservation of Nature (IUCN)
recognizes wastewater-fed fishponds as a special category of man-made
wetlands



® The World Health Organization (WHO) recommends that, where possible,
reuse of wastewater should be the preferred method of wastewater disposal
to minimize treatment costs and to obtain maximum agricultural and
aquacultural benefits from the nutrients contained in wastewater

= The World Bank (WB) and the United Nations Development
Programme (UNDP) publishes symposia and technical reviews
on wastewater reuse

® The International Reference Centre for Waste Disposal (IRCWD)
forecasts that wastewater reuse in aquaculture will become an
increasingly important form of waste disposal, water pollution
control and food production in the future

THE HANOI SEWAGE FISH GROUP

This pamphlet has been produced by the Hanoi Sewage Fish Group, a
multidisciplinary group of researchers from:

® Hanoi City Agricultural Service

® Hanoi University, Department of Environmental Engineering

® Hanoi University of Civil Engineering

® Hanoi Medical College

m People's Committee, Thanh Tri District

m Research Institute for Aquaculture No.1, Ha Bac

Support was provided by the Agnicultural and Aquatic Systems Program of the
Asian Institute of Technology, Bangkok, Thailand.

For further information, please contact either:

Dr Le Thanh Luu,
Research Institute for Aquaculture
No. 1, Dinh BangTien Son, Ha Bac, Vietnam,
Fax: 84 4 273070, Tel: 84-4-271368

or
Professor Peter Edwards,
Agricultural and Aquatic Systems Program,
School of Environment, Resources and Development,
Asian Institute of Technology, G.P.O. Box 2754,
Bangkok, Thailand 10501,
Fax: (66-2) 5246200, Tel: (66-2) 5245477




Earth Conference on Biomass for Energy, Development, and the Environment
(Havana, CUBA, January 10-13, 1995)
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INTEGRATED FARMING PROJECTS FOR CUBA
(with Useful Lessons from VIETNAM)

Prof. George Chan, Environment Consultant
Antenna Tecrﬁnology, Geneva, SWITZERLAND
formerly with Guangdong Academy of Sciences, Guangzhou, CHINA
MAIL : 14 Poivre Street, Beau Bassin, MAURITIUS
JEL : +230 464-2659 FAX:+230211-0297

INTRODUCTION

Cuba is a sugar-producing country which has followed the conventional system of
having monoculture of sugarcane, using chemical fertilizers and pesticides, to
produce 7 million tons of sugar annually as a commodity for export. The sugar
mills are operated by burning the bagasse in boilers to produce steam for
generating electricity. The residual molasses are used for making alcohol or
exported as raw materials, with some of the new residue of vinassa used on the
land and the rest left to pollute various bodies of water. A convenient ‘barter’
system was made with the old Soviet Unjion which buys the sugar and alcohol, and
then sells foods, chemical fertilizers and fossil fuels to Cuba. This worked very
well until the Soviet Union disintegrated, and Cuba’s economy has suffered the
consequences. The current sugar production is reduced to half the amount, and
there is shortage of chemical fertilizers and fossil fuels. Cuba is now forced to
produce more of its foods and is doing weli.

Cuba is now faced with a big dilemma as it struggles to re-orient its
development strategies -- on its own as it cannot depend on any big power in the
West, which is a blessing in disguise as it should not repeat the same mistake
again. Now that Cuba has to compete with nearly 100 countries to sell its sugar on
the worid market, it will find that the price is not economic. So Cuba should seize
the opportunity to diversify its sugar industry and make it more self-reliant as
well. It can benefit by learning at least two useful lessons from Vietnam, where
small farmers have stopped selling their cane to the sugarmills and are using it
themselves for various purposes, and some have converted their monoculture of
sugarcane or rice into integrated farms to earn a much higher income. -

For the sugarmills, which require massive funding to renovate their boilers
and other equipment, there are also the possibilities of converting their sugar from
a cheap commodity into raw materials for other industries to make useful products
now being imported or for export to earn foreign exchange. One most important
aspect is to stop burning bagasse to generate electricity, and transform it into
high-value feeds for livestock by microbial processing, and then use the livestock
wastes and fast-growing macrophytes to produce biogas for electricity generation,
with the residues as fertilizers in aquaculture and agriculture. This new strategy
will allow Cuba to make better use of its biomass. It can also set an example for
many other developing countries in similar situations to follow, as the post-GATT
era makes it more difficult for them to compete on the open market. -



LESSONS FROM VIETNAM

The small farmers have various inputs such as chemical fertilizers and pesticides
from the sugarmills to grow their sugarcane, and the costs are deducted when they
sell their crops, leaving them a meagre income equivalent to US$200 per hectare
per year when a farm family requires double this amount just to survive. So they
must look for odd jobs or cultivate a small food garden and keep a few animals and
birds which grow poorly on scraps and vegetation. Some farmers have been
encouraged to crush their sugarcane with a handmill and use the juice as energy
feed, supplemented with peanut cakes which they have to buy. Some of the bagasse
is used as pig feed and the rest as cooking fuel. A few now have a small plastic
bag digester, costing about $20, which gives them biogas fuel from the livestock
and human wastes, and save more bagasse to grow mushroom as high-value food
and earthworm as high-protein feed. This biological process not only improves the
protein content but also breaks down the lignocellulose and makes the bagasse
more digestible. The slurry is used as fertilizer in a small fish pond and the pond
water is used to irrigate and fertilize crops. So the income from integrating
various farming activities has gone up 2-3 times, with the additional saving in
time that would otherwise be wasted in collecting firewood for cooking and grass
or leaves for the livestock. o .

A more sophisticated system of integrated farming has been tried by the
author during the past 3 years and has shown extremely good results. Part of the
family rice field has been converted into a big and deep pond, 3,000m2 minimum,
for polyculture of fish without using any artificial feed except grass grown on the
edges for one fish. Five other kinds of fish feed on various kinds of plankton
fertilized with the effiuent of a plastic digester fed with wastes from 15-20 pigs,
and the yield is at least 3 tons of fish per year which is worth $2,000. With the
profit on the pigs and crops, and the savings in fuel, the income can reach $2,500,
which represents a small fortune for the farm family. This income will increase
as the pig feed, which must be purchased during the first year, is gradually
replaced with crop and processing residues produced on the farm.

An added bonus on one farm, which is not quite a year old, is the suitability
of the soil for brickmaking. So the farmer did not only have his pond of 3,000mz
dug at no charge but he also received $4,000 for the excavated soil from a
brickmaker. He built both his integrated farm and a 4-room house, and had the
operating funds for 50 pigs. He will make $1,000 profit on his pigs and $2,000 on
his fish for the first year, and has already sold some vegetabies. The local
government officials were so impressed that they have put 200 hectares at the

_disposal of the author for development as eco-farms, and the first phase of 16

farms will be implemented this year -- Fig. 1. This project will be auto-financed,
with each farm family receiving $8,000 for the 2 ponds of 3,000mz each, which
will be adequate to build and operate the integrated farm.. The income per family
will be. $6,000 during the first year, and will increase. tremendously as the
purchased livestock feed, which represents 2/3 of the production costs, is
replaced with the farm residues by the third year. Additional farm activities such
as aquaponic culture of cereals and flowers onh half the surface of the pond and
aeroponic culture of vegetables and crops on the dykes will bring in substantial
income to the farm family working full-time. :



Fig. 1
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PROJECTS FOR CUBA

Cuba can use its marshy and low-lying land to develop self-financed and self-
sustainable integrated farms for individual families as in Vietnam, and make itself
not only self-sufficient in all its basic and essential foods, but with quite a
substantial surplus for export as well.

As for its sugar mdustry. Cuba can combine the same integrated farming
system for its small as ‘'well as big planters to grow the sugarcane as an organic
product. The big advantage in having the sugarcane grown on the dykes between the
ponds is that no extra irrigation or fertilization is required as the roots will
obtain all their needs from the groundwater by themselves. On half the surface of
the ponds, cereals and grass can be grown as livestock feeds or fruits and flowers
for extra income. The pond water can be used in shaliow basins to grow various
kinds of fast-growing macrophytes as feedstock for the digester.

The livestock wastes and the macrophytes will be digested to produce biogas
fuel to generate alf the energy required for the sugar making, with the effiuent
oxidized while producing algae as high-protein feed, before the mineralized water
is used to fertilize the fish ponds.. The fish can be used as feed for the livestock if
there should be any qualms about eating it as in Vietham.

Some of the bagasse will be converted into better-quality feed by growing
mushroom and earthworms on it, and the remainder made into pulp, paper, carton,
particle board and even fibreglass panels. All the molasses will be used to produce
alcohol, with the vinassa treated in the digesters, and the needed energy produced
on site. So all the available biomass will be converted into energy, feeds and many
useful products, without any of it being burnt -- see Fig. 2.

Finally, the sugar will no longer be used as a cheap commodity but as raw
materials for industries such as plastics, detergents, water softeners and other
useful products for import replacement and export to other countries -- see Fig. 3.

CONCLUSION
Cuba has the choice between promoting grassroots seif-sustaining employment to

lift its peasant communities from poverty to spectacular but equitable prosperity,
while protecting the total environment in conformity with the sensible guidelines
approved by all governments in the world at the 1992 United Nations Conference on
Environment and Development in Rio de Janeiro, Brazil, and cheap labour-tntensive
industrialisation of urban and specia} zones woridwide while creating increasing
environmental problems caused by domestic and industrial wastewaters, household
and farm refuse or manure, and toxic or greenhouse gases -- just like the rest of
the world. It is hoped that the leaders and peopie of Cuba will opt for the former
and avoid the disaster that many other nations got themselves into by adopting the
latter. Cuba should not miss such a unique opportunity to set an exampie for all
those developing countries that are in such a huge and insurmountable financial and
environmental mess. All because they chose inappropriate development strategies
based on costly external inputs to produce cheap commodities and goods for export,
and failed to take advantage of new and appropriate technologies to promote self-
sustainable farming systems and avoid the same serious mistakes that the whole
world is trying to solve, but in vain.
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COMPARATIVE SUGAR INDUSTRY

Fig. 3

CONVENTIONAL

INNOVATIVE

Sugarcane monoculture with
chemical fertilizers, pesticides
and equipment using fossil fuel

Main product is SUGAR as a
cheap commodity for export to
a few nations paying subsidies

Some molasses are used to
produce alcohol when power is
available at the sugarmill; the
rest (85%) is exported to rich
nations as cheap raw materials

The alcohol process leaves a
residue called vinassa which is
partially used on the land but
the rest pollutes water bodies

The bagasse is burnt in boilers
to generate electricity to run a
sugarmill and a distillery while
sugarcane is being harvested

Burning of biomass is not only
wasteful but also destroys rich
resources and pollutes the air

Organic sugarcane is only one
of various diversified crops in
Integrated Farming Systems

Sugar is used as raw material
to make many useful products
to replace expensive imports

All molasses are utilised to
make not only some alcohol,
but also high-quality protein
feeds to allow local livestock
industries to be more viable

Any residue is always treated
and recycled in an anaerobic
digester, which is mandatory
in any kind of integrated farm

No bagasse is bumt, but it is
either made into many useful
products or processed into
high-value feeds for livestock

Livestock wastes and various
macrophytes produce biogas
fuel for generation of electricity’




Prof. George CHAN
14 Poivre Street
Beau Bassin, MAURITIUS
TEL: +230 464-2659
FAX: +230 211-0297
Mr. John Furze

8000 Aarhus
Denmark

Dear John,

It has been a long time since we tried to convince the Cubans that
there are viable alternatives to their sad state of post-Soviet
development. In fact, the United Nations University has just had
the first World Congress on Zero Emission in Tokyo on 6-7 April,
and I was lucky to be one of the speakers -- see enclosed paper.
Please see enclosed agenda. Dr Mauricio Garcia-~Franco, Park Hill
C-2, Egota 4-24-12, Nakano-ku, Tokyo 165, Japan (Phone/Fax +81-3-
5343 $979), is the Cpprdinator for Latin America. Please ask your
Cuban friends to write to him to have more information on the ZERI
programme. I am the Coordinator for the Islands and will start
implementing the first ZERI project for a brewery in Fiji next July
(enclosed), as I am already doing more than what the others at ZERI
are trying to do. Maybe, I can work together with Mauricio for a
future project in Cuba. As usual, USA is very involved in UNU, and
"s0 1s Japan which will not favour Cuba because of USA, but we can
always try.

On 16 February, I wrote to Dr Hector FPerez de Alejo Victoria
to ask him to get FAO assistance for my involvement in Cuba, but
have not yet heard from him. Perhaps you can pull a few other
strings and see how we can help Cuba -- see enclosed paper.

I am still trying to find some funding for my fares and
expenses to implement the Vietnam Eco-Farm project, which does not
itself require any money from anybody, but I will spend my own
money if necessary, as Vietnam is not very far from here. It is
incredible that no organisation or rich country is prepared to help
such a project. I have asked UNU ZERI to include Vietnam (enclosed)
in its programme, as they will get a lot of mileage from it. I
have already done all the spade work and is ready for
implementation now while the others are still at the conceptual
stage.

I am in China doing an Integrated Sewage Farm project for the
Hamburg Environmental Institute and will be back in Mauritius by
the end of this month. Please wite to me there.

With best personal regards to you and Jorgen.

%ﬁv@wﬁ ,



United Nations University, Tokyo, JAPAN
Zero Emission Research Initiative (ZERI)

PROPOSED PILOT PROJECT FOR FIJI BREWERY

Prof. George CHAN
Environmental Engineering Consultant
MAURITIUS

INTRODUCTION

Following the ZERI Expert Meeting held in Beljing, 1-4 April 1995, the ZERI
Congress in Tokyo, 5-7 April 1995, and subsequent consultation with Mr. Gunter
Pauli, Founder of ZERI at the UN University and the ZERI panel of experts: Prof.
Dr. Li Wenhua from China, Prof. Dr. Keto Mshigeni from Tanzania, and Dr. Mauricio
Carcla-Franco from Venezuela, and based on my long association with Fiji, 1
prepared the present pilot project to make maximum use of the residues of a
brewery in Fiji. The attached chart shows the various processes to treat and use
the different wastes as effectively and efficiently as possible. It is hoped
that such a pilot project, benefiting from my 30 years' experience on such work
in many countries, will allow worldwide scholars to study without any undue delay
and improve the whole concept of Integrated Development with Zero Emission which
can bring economic and ecological benefits to island and other isolated
situations in the world.

JUSTIFIGATION

Beer manufacture and consumption are increasing worldwide and, especially in the
developing countries; are-a drain on food grains and imported fossil-fuels which
are very costly while people are short of food and energy, besides producing
various kinds of wastes which degrade the environment. The objectives are to
utilise all the wastes as useful resources, after full treatment using natural
processes and at very low costs, and make beer brewing as well as other similar
industrial enterprises more economic without any environmental pollution or
depletion of resources.

PROCESSES

The one-hectare pilot plant will be built as near as possible to an existing
brewery, preferably on waste land and even marshes. It will use some of the
different wastes produced to demonstrate the validity and capaclty of 5 main
processes dealing with:

(1) Solid Wastes

(11) Liquid Wastes

(111} Waste Heat

(iv) Carbon Dioxide Emission
{v) Spent Yeast

L]

(1) Solid Wastes
The solid wastes are the residues from grains and additives used in beer

making, and have a high protein and fibre content. They are usually fed to



livestock, which find them indigestible because of the ligno-cellulose, so it is
broken down naturally by growing straw mushroom {Volvariella volvacea) on it with
simple means -- a common occupatlon of farmers in China and Vietnam. It is
proposed to try the shitake mushroom (Lentinus edodes}, which 1s the most
expensive in the world, using a technique developed in Fujian, China, using
brewery wastes and straw instead of cutting down cak trees. Another way of using
the solid wastes more economically is to grow selected earthworms of high protein
content as chicken feeds, instead of using grains.

The livestock produce wastes which are given primary treatment 1n a
digester while producing biogas as fuel for the brewery. The effluent is used
to grow algae in shallow basins by photosynthesis while producing oxygen to give
the secondary treatment to the remaining wastes, with the algae flushed into deep
ponds as fish feed. The highly-mineralized effluent flowing into the deep ponds
also encourages growth of various plankton as fish feeds. So fish polyculture,
which is widely practised in China, can produce 10-15 tons of fish per hectare
per year without having to add artificial feed except for grass grown on the
edges of the ponds to feed the grass carp. Five or more other kinds of fish are
used to feed on the different plankton produced daily.

The fish in turn produce their own wastes which are treated naturally by
the self-purification capacity of the pond water, and the mineralized effluent
is then use to irrigate and fertilize all kinds of crops in aquaponic floats made
of bamboo or organically-produced plastic sheets on half the pond surface, on in
aeroponic towers and greenhouses on land -- all current practices in China.

(11) Liquid Wastes

Too much water is used in beer making for cleaning purposes -- between 20-
30 tons to make one ton of beer in developing countries, and at least 7 tons in
the developed ones. The BOD varies between 1,000 and 1,500 mg/l, and the COD is
50X more. Such a huge quantity of water should be recycled, but not in digesters
because of the prohibitive costs involved, but in a minimum of two long and
narrow primary ponds of 1 metre deep for at least 2 days' retention.

The design should “facilitate the individual flushing of these ponds into
the deep fish ponds mentioned in (i) above by gravity.

{iii) Waste Heat

The waste heat from the brewing process should be recovered and used to
heat water for washing the equipment instead of using caustic soda and other
polluting chemicals. The bilogas generated from the livestock wastes is a
convenient source of fuel for the same purpose in the pilot project. For a full-
slze treatment plant for the whole brewery, electricity can be generated from the
biogas to supply most of the brewery requirements.

(iv) Carbon Diozide

Much carbon diozide gas is emitted during the brewing process and can be
recovered for use in the brewery or bottled under pressure and used for draught
beer. Unfortunately, the equipment is still expensive for the small breweries,
and it is hoped that less expensive equipment will be avallable soon. Another
possiblility is to use the carbon dioxide in greenhouses or convert it into sodium
bicarbonate for use in high-protein spirulina algae production.

{v) Spent Yeast

The technologies are already available for recovery and reuse of yeast, and
for manufacture of some parmaceuticals, with the residues mineralized in bio-
oxidation ponds and then used to fertilize fish ponds.
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THE EARTH TIMES / ZERO EMISSIONS

AKARTA—Late last year, a prolessor

from Mauritius went to Fiji with a plan

to use the large amounts of sludpe

generated by a local brewery to benefit
the Jocal people. The pilot project would vse
the effluents from beer-making to sustain a
variety of agricultural businesses. 1t ealls for
tinking five different farm processes, using
cach one’s waste as inpul for the others.

Called the Integrated Farming System, it
is Targely the brainchild of George Chan, a
T2-year-old ccologist, ¢ngincer and
professor. Chan is modest when he describes
his idea's prospects, but to the Fijians and
other participams invoived in the project, it
is a motlel of ereative recycling with a
dramatic payoff in enviconmentat protection,

Al 2 conference on reducing indusiry
cmissions, held here in July, Chan spoke
about pilo1 projects in Namibia and Fiji.
Attended by over 250 participants, the Third
World Conference on Zero Emissions
convened for a three-day meeting 1o discuss
the urgency of pollution control.

fn a room full of policy-makers,
development consullants, business folk, and
a few NGOs i 1s quite casy to spol Chan. He
is usually surrounded by people interesied in
siphoning new thoughts from him or being
enthralled by his calm logic, but what is most
noticeable is his appearance—sifver hair
which he wears like a mane and the large
shaded retro-cyeglasses he wears, Dut
despite his appearance, it is his idcas which
are attracting all the aitention.

“Qur sysiem is a way of using alk waste,”
he told The Farth Times, “including effluent
and exeremnent, 10 be funncied in supporting
five different types of Jocal industeics—which
include cultivating fish, mushrooms,
vegetables, livestock and producing methane
to be used as fuel for clectric power.”

Chan says his method is onc of sound
business because it uses all by-products and
opens new opportunitics for diversification.
But at its hean, it is a way to cope with the
destructive cnvironmental impact of
cmissions from a Fiji-based brewery.

That brewery uses from 2.5 to 8 gallons of
water to produce one quart of beer, This
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leaves large quantitics of waste water, which
is normally dumped inte the surrounding
occan—at the raic of about 400,000 cubic
melers per year. The result was an increase
in the occan’s alkakinity which caused
temperatures to rise in the shallow waters,
Chan said the effects of such dumping can
severely harm marine life and damage whole
ceosystens.

Instead of dumping the waste, Chan
deaided to transport the brewery's sludge to
the site of his experiment—the Monifort
Boys” Town, a school Tor disadvaniaged
children on the largest island of Fiji. The
boys had been cultivating fish, using the
money they carned to help support the
community, “Now doing work for Chan,”
said Brother Paul, head of the Boy's Town,
“the boys will be gaining many valuable
experiences which they can vse later in life.”

They are still raising fish, but now they
have been able to branch out into other
pursuils as well.

B rewery waste is rich in chemically-
e bonded carbohydrates which animals
ael® cannol digest, Chan cxplained, “hul
mushrooms can use this waste, taking whint it
needs and Jeaving a residue which can then
be used as feed for livestock.” The Montluri
boys helped in building damp shacks for
growing shiitake, oyster and struw
mushrooms, some of which are harvested
for  sale, some 1o cnd up on
their own dining tables.

Residues from the mushroom cultivition
arc collected by the boys and used as slop
for pigs.

LExcrement and waste frony the livestock is
then taken to a “digester”-—a rectangular
contraption made of concrele and metal
ahout the size of a small car—which uses
sunlight and algac (o convert most of it into
methane gas and fertilizer. The average
digester costs about $30 to build, lasts for
about thrce ycars and can process 12 cubic
meters of waste in 48 hours.

The released methane is captured in
bottles at the top of the digester, vielding
energy equivalent to about three gallons of

e

GEORGE CHAH

In Fiji, cultivating fish as in these pools is booming.

Professor Geoe Chan.

gasaline o dav, which to a developing country
methane is used to power the Bovs' Town
clectric generator and can be sold
commervially as well. Using methane as an
energy source also relicves the strain on
forests for firewood,

The solid matter that remains in the
digester moves through i solution, releasing
some ol 1ts bacteria and resulting in
fertilizer that can be used for erops—and is
safer 10 use than chemical fertilizers.

“They ercate surpluses in nitrate
conlents,” said Chan of chemicit fertilizers,
“and studies have shown the harmiu! effects
of too much nitrates in vegetables on
children.”

s the solid matier moves out of the

digester it falls in1o a series of small

pools filled with plankton, bacteria and
other microorganisms which cal away at the
waste and chemicals, leaving behind an ideal
fish food.

This food gocs imo a large pond filled
with six diffcrent species of fish, cach
performing a role in a complex system of
sustaining the others by minimizing the
threat of discase. If one species is harmed by
an epidemic in any piven vear, the boys can
rely on the other fish o sustain their income.

The nitregen-rich fish droppines are then
recyeled as hydroponic nutrients uaad 1o
gruw vepetible coops wathout soil,

Chan said that his swstem aovanais For
about 80 pereent of the Teed necded {or the
fish. Ordinarily. he sind, the cost of feed
makes up about alf of the aperatine costs of
fish Tarming., which viclds ahout S300 (o
SLOCU & vear per hectare {247 aeres). Weth
his svstem, he siaid, cach heetire vields
SIG 000 year.

“IF we produce cur own fish using e
methods,” said President Mara of 1, “we
can become sel-suflicient and even legome
an exporier.”

—Kyu-Youne Lrg



am WHY THUE
INTEGRATED FARMING

IN DIETNRAM 72

LIKE ALL OTHER
DEVELOPING COUNTRIES
VIETNAM
HAS ADOPTED A SYSTEM
THAT IS NOT APPROPRIATE'!

THE LINEAR SYSTEM:
INPUTS —PRODUCTS =
FAILURE + WASTES

PRODUCTION COSTS ARE HIGH!
THE PRODUCTS ARE EXPENSIVE!

ENTREPRISES GO BANKRUPT!
THE WASTES POLLUTE!




THE INTEGRATED SYSTEM:
RECYCLING — PRODUCTS
= PROFITS + RESOURCES

CCCCCCC

THE PRODUCTS ARE INEXPENSIVE !
THE FARM FAMILIES PROSPER!

THERE AIN’T ANY WASTES!

WE DERIVE THE BEST
AVANTAGES FROM OUR GOOD
CLIMATIC CONDITIONS

WE USE OUR ABUNDANT
RESOURCES TO MEET OUR BASIC
AND ESSENTIAL NEEDS BEFORE

" PRODUCING FOR OTHERS

THE AGROINDUSTRIAL PRODUCTS
FOR EXTERNAL TRADE ONLY
CONTAIN LOCALLY-AVAILABLE
INPUTS AND TECHNOLOGIES




= ECO-FARM
1N DIETREM

(SONGBE PROVINCE)

SUMMARY

Most Peasants Cannot Develop Integrated Farming
The Biggest Constraint is CAPITAL for investment

Except Where the Soil is Suitable for BRICKMAKING
Much Better Still if the Land is Low-Lying and Marshy

A Brick Firm Digs the Fish Ponds FREE OF CHARGE
While Paying for the Excavated Soil for Brickmaking

The Money is Adequate to Build the Integrated Farm
& Operate the Various Livestock/Fish/Plant Activities

Within One Year the Integrated Farm Family Prospérs
Within Three Years It Owns a Self-Reliant ECO-FARM



s FCO-FARM PROJECT
PHASE 1 : TAN MY VILLAGE
TAN UYEN DISTRICT. SONGBE PROVINCE

OBJECTIVES OF PROJECT

o Demonstrate an ECO-FARM project
in a low-yield and low-lying rice field
in the Songbe Province of Vietham

o The demonstration consists of :
- 8 integrated farms of 1.12 ha each
- 8 integrated farms of 1.36 ha each
- one rural centre of 1.82 ha + roads

o The integrated farm consists of :

- 6 x 8 pigs monthly (48 at a time)
96 pigs vearly or 10 tons of meat

In Phase 2, poultry will be added:
- 3 x 200 ducks/month (600 at a time)
2,400 ducks or 5 tons of meat/year
- 2 X 400 chicks/month (800 at a time)
4,800 chickens or 5 tons of meat/year




-2 fish ponds of 3,000m: each

™~ 30,000 fingerlings at any time |
- 9 to 10 tons fish/hectare/year

e Capitalize on natural properties of
subsoil suitable for brick making

e Have brick-making firm to dig the
fish ponds to required depth and
buy excavated soil for brick making
- Payment at the rate of US$4,000
per pond of 3,000m2 x Tm deep
or a total of $8,000 for one farm

e This sum is adequate to build the
whole integrated farm with enough
operating funds for various livestock/
aquaculture/agronomy/agro-industry

e Total Project will be self-financed,
except consulting services provided
by bilateral arrangement with an NGO




2% CONCLUSIONS

The Integrated Farming System enables the young
farm families in Songbe province, southern Vietnam,
to develop the low-lying and even marshy land into
high-yielding ponds for fish polyculture and elevated
dykes for livestock and crops in an enterprise which
is both economically-viable & ecologically-balanced

Presently, farmers have two crops of rice annually
with a net income of US$200-300 per hectare, which
is only half of what they require to make ends meet,
so they have to supplement their income by fishing
in the nearby river and go to the woods to cut down
the trees for firewood, which they then sell illegally

The Integrated Farming System allows them to have
many LIVESTOCK/FISH/PLANT activities at the same
time, but the staggered work programme is planned
in such a way that the farm family only has to work
half-day but can get a yearly income of $3,000-4,000

Livestock feed is the only recurrent purchase during
the first year, but it is gradually replaced by fodder
trees, macrophytes, and crop & processing residues
to become self-sufficient during the third year, while
the farm produces all the other means of production
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ik FARM BUDGET

0.7 Hectare Farm (Songbe1l, VN)

| US$

One pond of 3,000m2 - 2,000
Animal pen of SOm?2 + digester 1,000
TOTAL Capital Expenditure 3,000

30 piglets @ $50 1,500
*Purchased feeds, etc. 1,500

TOTAL Operating Capital 3,000
NOTE : FARMER REQUIRES CAPITAL OF ' $6.000

Sale after 6 months @ $120 3,600

Profit for one batch of pigs 600
Profit for 2 batches/year 1,200
Sale of 3 tons of fish @ $600 1,800
Sale of vegetables/year 300
Sale of banana & papaya/year 300

Savings on biogas for fuel/year _100
TOTAL PROFIT for first year : $3,700

* Savings on Purchased Feeds are made gradually by
substitution with fodder crops, crop and processing
residues -- Total Amount Saved : $3,000/year

Profit for Second Year= $3,7QQ+$1_,509 = $5,200
Profit for Third Year= $3,700+%3.000 = ' $6.700




e FARM BUDGET
1.2 Hectare Farm (SongbeZ2, VN)

US$
SALE OF EXCAVATED SOIL 8,000
(suitable for brickmaking)
Two ponds of 3,000m2 NONE

Animal pen of 50m2 + digester 2,000
- TOTAL Capital Expenditure 2,000

60 piglets @ $50 3,000
*Purchased feeds, etc. 3,000

- TOTAL Operating Capital 6,000
NOTE : FARMER HAS CAPITAL FROM SALE OF SOIL

Sale after 6 months @ $120 7,200
Profit for one batch of pigs 1,200

Profit for 2 batches/year 2,400
Sale of 6 tons of fish @ $600 3,600
Sale of vegetables/year - 1,000
Sale of banana & papaya/year 1,000

Savings on biogas for fuel/year _200
TOTAL PROFIT for first year : $8,200
* Total savings on Purchased Feeds : $6,000/year
Profit for Second Year = $8,200+$3,000 = $11,200
Profit for Third Year= $8.200+$6,000 = $14.200
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A 1941 praduate of the former Zhongshan University in Guangdong, China. He
was Director of the Guangzhou Institute of Geography, and has devoted the
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low-lying areas. He has now retired, but is still very active in the
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1961 PhD, in environmental engineering from the same university. After 10
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A 1960 zoology graduate of the University of Western Australia, Perth, and
has a 1966 doctorate from the University of Malaysia — KL. He was professor
of zoology and also coordinator of the tropical ecology degree program at
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and ecology through their application in natural resource and environmental
management, technological innovations and science management and

organization.

D: Kenneth RUDDLE. BA (Hons) PhD.

A 1964 geography graduate of the University of Manchester, UK. and with a
1970 doctorate from the University of California - LA. USA. He has held
various research and teaching positions in the USA, and done projects for
the UN University, and for the US-Aid. He has been consultant to
institutions in the Philippines, Indonesia, R. of Korea {South), and Japan.
He is now associate professor at the National Museum of Ethnology, Osaka,
Japan. His fields of interest include human ecology, traditional use and
management of natural resources in coastal zones, water-land inter-active
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SUMMARY

This DOCUIENT describes the INTEGRATED FARMING SYSTEM
(IF5) project proposed for Zhujtang (Pear! River) Delta,
buangdong Province, CHINA, where such a concept has been
established for centuries. Presently, it is based on an
Inlegrated aquaculture/agriculture concept known as the
MULBERRY DIKE-~-CARP POND--SILKWORHM system. It 1S now
proposed to expand it into a much more integratedone ot
LIVESTOCK--AQUACULTURE-~AGRICULTURE--FARM INDUSTRY
by involving International agenctes and universities in 1ts
further development through application of modern but
appropriate technology and management techniques. A
request 1s made to the international, regtonal and national
organizations to fund the proposed project, which requires
a sum of U.S. $2,45/,000 spread over 6 1o 7 years, for the
sclentific, technological, management, and soclo-economic
fnvestigation and testing of the system, under different
environmental conditions in the Zhujiang Delta regton. it
is hoped that the numerous multi-disciplinary data
collected and analysed during this project will enable
many other countries to assess the INTEGRATED FARMING
SYSTEM as an environmentally soung and economically
viable strategytor thetr own development plans, and help
them solve some of their urgent problems of poverty and
stagnation through mobilization of their human resources
and utilization ‘of their own natural resources tn
sustainable and self-reliant development programs, not
only for thelr iImmediate benefit but also for future

generations.



INTRODUCTION

The INTEGRATED FARMING SYSTEM (IFS) has been tried
during the past 20 years by one of the authors (1 & 2) in
various experimental farms in a few Pacific islands, and by
some individuals in parts of Asia. They have shown that it is
possible to integrate LIVESTOCK, AQUACULTURE, AGRICULTURE
and FARM INDUSTRY as a viable exv/ogicy! development
Jystem through recycling of all the organic wastes to siop
propagation of diseases caused by bad sanitation while
producing fuel, feed and fertilizer; and utilizing existing
scientific and technological innovations in anima} husbandry,
algae and fish culture, multicropping, and produce processing
to increase the economic return. This symbiotic use of local
resources did not get much support because of absence of
scientific date, insufficient research, Jack of positive
development in these fields, and lack of knowledge of such
possibilities which also go against established practices and are
regarded with suspicion.

Moreover, as outlined by Furtado (3), there are many
socio-economic and other constraints, besides the application of
scientific and technological innovations, inhibiting the further
development of such integrated farming systems. One
imporiant initiative has already been taken by the United
Nations University (UNU).sponsoring & three-year (1980-83)
applied research project, in which the other three authors
were involved, on the well- established resource recycling
system of AGRICULTURE and AQUACULTURE at LELIU in the
Shunde District of Guangdong Province, as descnbed by Ruddte,
Furtado, Zhong & Deng (4).

With the new scientific d_am on its physical (energy and
nvtrient relationships), biological (interactions among zall
living organisms), and socio-economic (relationship between
employment and economic ceturn, and mutual benefits
between rural and urban or industrial communities) aspects,
and additional input from other appropriate sources, it is
hoped that the proposed project will lead to the favorable
development of the INTEGRATED FARMING SYSTEM in the
project area and its subsequent dissemination, not only to the
less developed region of China with similar physical
environment, but eventually, with suitable biological, cuitural
and organization adaptations, to 1ts successful transfer to other
parts of the developing world. '



THE BASIC AIM OF THE

PROPOSED

INTEGRATED FARMING SYSTEM
PRO JECT

IS TO IMPROVE THE

ECONOMIC STATUS & SOCIAL
WELFARE

OF MOST RURAL COMMUNITIES
IN THE DEVELOPING COUNTRIES

THROUGH

PROPER UTILIZATION

OF THEIR

NATURAL & HUMAN RESOURCES

IN AN

AGRO-ECOLOGICAL-HEALTH
SCHEME



In the southeast region of Guangdong Province, China, near the
mouth of Zhujiang (Pear] River), the small-scale farmers have
been engaged during two millennia 1n highly productive
agricuiture and aqQuaculture projects on the delta, based on
generations of empirical practices that have allowed them to
remain net exporters of produce and processed goods for such
8 long period while maintaining the ecological balance.

About four hundred years ago, they reached a complex but
properly balanced integrated development strategy, known as
the MULBERRY DIKE- CARP POND-SILKWORM ecosystem, where
polyculture of various species of [ish enriches the pond mud
that is then used to fertilize the mulberry trees on the dikes;
the mulberry leaves are fed to silkworms to produce silk and
their excreta, together with human and other livesiock wastes,
are dumped into the ponds to feed the fish and fertilize the
growth of plankion as [ish feed. The mulberry tree is rotated
with sugarcane and during the winter months, when it is too
cold for the silkworms, vegetables are grown.

This integrated agro-system is the basis of rural development .
in the southern part of Zhujiang Delta, with an area of 800
square kilometers and where 1.2 million people live. Without .
any doubt, it has proved to be successful on a very wide
geographic and economic scale unmaiched efsewhere in the
world, as stated by Ruddie et al (S). It has survived every
political and social upheaval happening in China during many
centuries, 8o the concept has nothing to do with ideology, but
its success is due to the discipline, diligence and receptive
nature of the people based on their cultural heritage.

The Chinese farmers will certainly welcome the additional
technology and modern management Lechniques of the
proposed IFS project to their already efficient system. It will
also provide more emplioyment for their new generation that
want more consumer goods, for which they are prepared to
work harder. This is what the IFS is all about: RARD WORK,
but afso GOOD MONEY through high productivity and
substantial savings in production cosis. Such incentives can
wvork wonders anywhere -- and more 30 in China. |

Although the IFS has promise for the rest of the developing
world, it is subject to the strict discipline of the Chinese
peasantry ‘working in cooperation. Perhaps the developed
world could aiso look at the IFS as an effective means of
prevention of waste and control of their environmental
poliution problems, as no country can now afford to exploit its
limited resources without considering the ecological damage.

33



IT CAPITALIZES ON THE

WISDOM
OF A

TRADITIONAL AGRO - ECOLOGICAL
SYSTEM

OF

AQUACULTURE & AGRICULTURE

KNOWN AS THE

MULBERRY DIKE-CARP POND-
- SILKWORM PROJECT

ESTABLISHED BY THE CHINESE

FOUR CENTURIES AGO

IN THE SOUTHERN PART OF ZHUJIANG DELTA

 WITHOUT
DAMAGING THE ENVIRONMENT
OR

UPSETTING THE ECOLOGICAL BALANCE



The MULBERRY DIKE-CARP POND-SILKWORM system provides
the farm family unit with a diversity of occupations and
products all year-round, and brings in a wide range of income
at various intervals during the year. According to Zhong (6)
and Ruddle (7), these farm ecosystems are providing much
higher economic returns than do other agrarian practices in the
Zhujiang Delta, besides creating employment opportunities in
an area under population pressure. The multiple fish harvests
(6-7 times/year), mulberry leal sale or silk filament from the
cocoons (8-9 times), sugarcane (once), banana (once), and
winter vegetlables {twice), together with some processing of the
primary produce and employment of many women in the silk
factories and some men'in the sugar mills, contribute to the
wealth of the farm family unit.

There shouid be no illusion about the hard work required to
keep such a sysiem operalina at its maximum efficiency. As
explained by Ruddle ‘(8), the labor demand in the area of
Zhujiang Deltz with the most developed integrated sysiems,
covering an area of BOO square kilometers with 1.2 million
people, is quile intensive to take care of the ponds, dikes, and
silkworms. Still the system can only absorb 40 to 60% of the
available labor force, and even with the small-scale
mechanization considered desirable to increase output now
being implemented, the situation can only become worse. The
proposed IFS will intlude livestock such-as pig and poulu-y, and
more aquatic plants and cash crops that will also provide feed
and preferably fertilizer, in order to creale more employment
to keep the people on the farm.

This self-reliant and diversified sysiem is in line with the rural
development poticies of the Chinese Government, which is now
faced with the increasing exodus of farm labor to the urban
and industrialized areas, mainly for better pay, and with the
increasing costs of continuing to subsidize fertilizers and seeds
to farmers for remaining on ihe land. There is also the
problem of higher labor costs for harvesting grains oa the big
farms, which can result in more mechanization and create more
unemployment problems. It makes sense to keep the small
farms, but with much more diversity and higher economic
returns through helping every farm famity unit to take care of
itself -- and prosper.

Prosperity among the small farmers is an imporiant factor that
should not be ignored. This will allow them 1o expand their
economic activities with modern equipment and appropriate
mechanization, :and let them participate in a systematic and
gradual move toward the modernization goals of their country.
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THE

MULBERRY DIKE - CARP POND -
SILKWORM

CONCEPT

AIMS AT OPTIMIZING THE

ECONOMIC RETURN

- ON THE

FEED & FERTILIZER

WITHIN A

CLOSED SYSTEM

WITH INPUT FROM

NATURAL RESOURCES
SILKWORM EXCRETA
&

PEOPLE ONLY



The proportion of land to water is a critical factor in
determining the economic return of a particular ryslem The
tand needs the pond mud as fertifizer, supplied by the fish
excreta, for the mulberry trees to grow well and supply plenty
of hezlthy leaves to the silkworms; the fish population depend
on the silkworm excreta available for fish feed or as fertilizer
to grow planktons for fjsh feed, and the bigger the fish
population, now expertly provided through polyculture, the
higher will be the fertilizer value of the pond mud.

However, the most important commodity is the fish, which
brings in the highest income because of the daily demand for
this fresh product in Guangzhou, Hong Kong and Macau.
Polycuiture of fish - is wlready well developed, and the
Guangzhou Institute of Geography already has a substantial
collection of scientific data on the variety of feed available in a
deep pond and the species of fish that will live at difTerent
depths and feed on specific plankton and residues. The aim is
to have maximum popujation of fish in a unit area of pond 1o
utilize all the available feed, whether it is in the form of fish
excreta or plankton, but ensuring that there is no organic
pollution affecting the oiygen coatent or causing diseases
among the fish. Any additional feed required by the fish must
also come [rom the system, so the dikes are used primarily 10
meet the feed requirements of the Tish, which are closely
dependent on the fertilization of the ponds by human,
silkworm and other livestock wastes within the system.

The mulberry and sugarcane plantations depend on the
domestic and international market demand for silk and sugar,
and bad created some problems in the past because of
fluctuating demand and prices, but there is no such problem
with fresh or live fish.

Only mipute guantities df chemical fertilizer are occasionally
used, and both the land and water have retained their high
fertility for four centuries of integrated farming. This should
be of significant interest 10 a few provinces in China and some
neighboring countries with declining sofl prodvctivity
because of abuse of chemical fertilizer in sugarcane fields,
monocuiture of cassava, overgrazing, etc.



ITS

AIM

IS TO UTILIZE

ALL AVAILABLE RESOURCES
IN THE MAN-MADE ENVIRONMENT

BUT RELYING MOSTLY ON

NATURE

LIVESTOCK WASTES

& HUMAN LABOR

THROUGH BALANCING OF THE

FERTILIZER/MULBERRY
TREE/SILKWORM/FISH

FOR

OPTIMUM PRODUCTIVITY



The original purpose of the IFS in the Pacific islands was to
find an economical way of treating human excreta in rural
communities in order to control communicable diseases
transmitted by contaminated soil, water and food. The cheap
systems isolated the excreta in pits or discharged it in bodies of
water, depriving the soil of useful nutrients that have been
taken from it through slash and burn culture of food crops.
The villages could not afford the expensive systems such as
septic tanks and package treatment plants, 50 their
environment deteriorated through bad sanitation and soil
depletion, leading to debilitating diseases and maiputrition that
had an adverse impact on their economic and social well-being.

The IFS offers an effective treatment system of isolating the
wastes of both humans and animals, and then converting their
organic and pathogenic contents through digestion and
oxidation into harmless substances that can be used as fuel for
domestic and other purposées, and fertilizer to grow algae as
high protein feed and a variety of cash crops. After the initial
capital costs, the system depends mostly on local patural
resources for its operation while conmtroiling the exsting
environmental health and farming problems. Its further
_development will enable the villagers of most tropical and
subtropical countries to capitalize their untapped assets, and
give them new opportunities for the improvement of their
environment as well as their quality of life through maximum
economy and self-reliance.

~Its development by Chan (9) in the U.S. Commonwealth of the
Northern Mariana Islands fed to a multi-disciplinary project
that received ome of the highest awards from the US.
Department of Energy for emergy inmovation in a natiopal -
contest in 1984.



ONE OF THE
OBJECTIVES
OF THE PROPOSED

INTEGRATED FARMING SYSTEM

PROJECT IS TO PROTECT THE PEOPLE FROM THESE

HEALTH HAZARDS

BY DISTANCING THE
DISEASE ORGANISMS
OF BOTH HUMAN AND ANIMAL WASTES

FROM THE COMMUNITY THROUGH AN ELABORATE

TREATMENT SYSTEM

THAT UTILIZES

ALL THE WASTES

TO PRODUCE

FUEL

FEED
&

FERTILIZER



Human wastes are flushed directly from the toilet bowl, and
livestock wastes are washed two or three times & day from the
pen floor, into one or,more digesters for primary settling and
digestion (under anaerobic conditions) of the organic content.
This is followed by secondary settling and further digestion,
with the organic matter reduced by two-thirds into stable
minerals. This process also gives & useful by-product (biogas)
containing two-thirds methane for use as fuel.

The digester effiuent, still containing one-third of the orgaaic
content, is oxidized in shallow basins and tanks aerated by
mechanical means to complete the mineralization process, with
a high protein by-product (algae) for use as animal feed.

The mineralized effiuent then flows into deeper fish ponds to
fertilize growth of plankton for fish feed. The pond effluent is
then distributed through drip ifrigation pipes into the soil for
irrigation and fertilization of food and cash crops.

The treatment processes in the IFS follow the same principles
as those used in the most modern plants, but the IFS also uses
the valusble by-products instead of wasting them:

- PROCESSES - BY-PRODUCTS USES
Isolation
Primary Settling Liquefied Effluent  Further Treatment
Digestion Biogas Fusel
+
Secondary Settling  Secondary Elfjuent Fertilizer
Digestion Biogas Fuel
+ _
Extended Aeration  Algae Feed
in shallow ponds '
+ _
Stabilization in Plankton Feed
deep ponds Fish Food & Feed
+
Demineralization Crops Food, Feed, Fuel

{Soil Absorption) & Fertilizer



UNFORTUNATELY

HUMAN EXCRETA

IS ALSO USED AS
FERTILIZER
WITH !TS INHERENT
PUBLIC HEALTH
| AND
OCCUPATIONAL HAZARDS

RESULTING IN

ABSENTEEISM

ON THE FARM

THAT
AFFECTS
RURAL PRODUCTIVITY

AND

REDUCES
FARM FAMILY INCOME



The IFS involves every farm family unit, individually and jointly, in the proper
management of the land. air and water resources for sustainable growth of the
rural economy, with a view to producing a whole range of livestock, aquatic lile,
trees, crops, and processed foods and goods through complete recycling of all
locally available resources in a scientific, sanitary and environmentally sound
manner, and with minimum input f[rom outside. They aim at producing most of
the fuel with biogas, biomass and its derfvatives such as ethanol, and other jocal
sources of energy, if appropriate, such as solar, wind and hydropower; animal
feed such as algae, aquatic plants, and crop and processing residues, and
fertilizer through fixation of stmospheric nitrogen with plants and trees, and
mineralization of organic wastes after proper digestion to recover the epergy
content. Some activities will be done as joint ventures or through farmers’
associations for economic or logistical reasons.

WATER

FEED

RESIDUES

| — [ PROCESSING
(CROP S [ /A 9 RESIDUES

ethanol
wood
agricullure bagasse
Silviculture

harticylivre FUEL FUE —

DIGESTER

—BlmtriCiW‘"-—"“'b trmwt‘———-—

l_, farm equipment

mineralized
efluent

FOOD - ENERGY - WASTE CYCLE




THIS MODERN TREATMENT

RECYCLES

" AS COMPLETELY AS POSSIBLE

ALL THE RESIDUES
AND WILL COMPLEMENT AND SUPPLEMENT

THE EXISTING SYSTEM THROUGH PROVISION OF

FUEL FEED
FERTILIZER

FOR

OPTIMUM PRODUCTIVITY

AND
HIGHER FARM INCOME

WHILE CREATING

NEW EMPLOYMENT OPPORTUNITIES

AS WELL AS

PROTECTING THE ENVIRONMENT



EXISTING
SYSTEN PRODUCTS

SILKWORM -———--- SILK
l + labor
|
Wwastes
I
I
|
I
I
I
I
-
FERTILIZER
i
I
I
|
f
|
EISH POND --------- FISH
{ + labor
I
Pond IMxd

1
AGRICULTURE

MULBERRY
! + labor
crops —-——---- VEGETABLES
{ SUGARCANE
i BANANA
Leaves
| + labor

|
SUKWORS]

EXPANDED
SYSTEM PRODUCTS

LIVESTOCK ————---~ -MEAT
SILKWORM ---~~=-~~-- SILK
[ + labor

J
wastes
|
]

DIGESTER —------- B/0GAS
b+ fuel FLEL
|

ALGAE BASIN -—--———- FEED
i + labor

o
FERTILIFER

I
HYDROPONICS ~---( VEGETABLES

AEROPONICS ------ ( FLOWERS
; + labor ( FRUITS
I . . .
FISH POND -----~--- FiSH
) + labor
|
FERTIL IFER

I
AGRICULTURE

{ + labor
crops —————----— VEGETABLES

I FRUITS
| TREES

INDUSTRY —===~-—- PROCESSED
| + Jobor  GOODS
|

Residpes ——=-=-====-~= FEED
| + labor

I
LIVESTOCK (1. SILKWORI)



A SECOND OBJECTIVE

IS TO OPTIMIZE THE

TRADITIONAL

INTEGRATED
AQUACULTURE-AGRICULTURE

- SYSTEM,

THROUGH ITS FURTHER

EXPANSION

INTO A MUCH MORE INTEGRATED SYSTEM OF

LIVESTOCK-AQUACULTURE
AGRICULTURE-INDUSTRY

BY INVOLVING CONCERNED

INTERNATIONAL SPECIALISTS

IN FURTHER DEVELOPMENT OF THE CONCEPT

THROUGH UTILIZATION OF MODERN

SCIENTIFIC KNOWLEDGE
&

APPROPRIATE TECHNOLOGY



The project will be operated by selected staff of the Guangzhou
Institute of Geography, under the leadership of Professor
ZHONG Gongfu, who has been involved in the MULBERRY
DIKE-CARP POND-SILKWORM system for over 20 years. He will
have overall supervision o all the activities in the IFS project,
and will be responsible for all dealings with the Central,
Provincial and District Government. Besides the Director of
GIOG, who will act as Chairman during the meetings of the IFS
Coordinating Committee, four other members of the Institute
staff will be directly involved in the project -- see Appendir A .

The Institute has both the personnel and the equipment to
carry out all the tests required to determine the composiiion of
all the products and residues in the ahove operations. So it can
very well contribute a considerable amount in manpower and in
services to help the IFS project. Appendir B gives a brief
description of the Guangzhou Institute of Geography and the
tasks it can perform.

The Institute wilt have the collaboration of Mr. George Lai
CHAN, a Yisiting Research Scholar who has advocated the
integration of LIVESTOCK- AQUACULTURE-AGRICULTURE-FARM
INDUSTRY in every farm family unit for rural eco-development
in the Asia/Pacific Region during the past 20 years. He will act
as Lisison Officer with the erferna/ organizations invoived in
the project, whether financially or academically. He now Lives
in Shenzhen, not too far from the project area, and will be
available for an aggregate period of six months every year lo
work on the project.

The project will also have two other Research Scholars,
Professor Jose 1. FURTADO and Associate Praofessor Kenneth
RUDDLE, who were invoived in the United Nations University
applied research project in LELIU. They will provide the
saientiffc ecological, social and economsc expertise based on
many years of work on the international scene, and will stress
the importance of the socio-economic impact of science and
technology on the different strata of the community. The
Chinese social fabric has been sirong enough to maintain a
closely knit society that has survived all kinds of adversity, and
is mainly responsible for the success of present day economic
revolution on such a gigantic scale, It is also worth looking into
al! the negative consequences, particularly in refation to future
marketing problems and income maldistribution, which will
undoubtedly disrupt the traditional balance with possible, but
pot inevitable, social and economic woes so familiar in many
developing as well as developed countries.



THE DURATION OF THE PROPOSED IFS PROJECT IS

6 TO 7 YEARS

AND INVOLVES

SCIENTIFIC & TECHNOLOGICAL
DEVELOPMENT

SOCIO-ECONOMIC FIELD STUDY
| AND
DATA COLLECTION & ANALYSIS

IN
THREE REGIONS OF ZHUJIANG DELTA
WITH DIFFERENT PHYSICAL

ENVIRONMENTS :

SOUTHERN
EN L



In the existing MULBERRY-CARP-SILKWORM system, the cycle is
generally as follows:
OPERATIONS REQU!REMENTS PRODUCTS
Mulberry trees grow on dykes  Healthy trees Leaves ($)
Leaves of muiberry tree fed Lo Cocoons/siik

silkworms

Silkworm excreta put into fish
poads

Polyculture of various species

of fish, mainly carps
Transfer of pond mud to dykes
Intercropping with banana &

winter vegetables, or rotation
of mulberry with sugarcane

Healthy silkworms

Plentiful excreta
as [ish feed and
fertilizer

Appropriate species
in optimum numbers

Rich in minerals and
compost

Fertilizer and water

filaments ($)

Plnnkl.ons as
fish feed (S)
(S - savings)

6-7 harvests
yearly ($)

Fertilizer for
mulberry (S)

Marketable
produce/raw
material ($)

One very important factor to remember is that this agro-system
produces silk and sugarcane &8s raw materials for the existing
factories employing many local men and women. This situation
should not be disrupted by the proposed changes, and the market
study should ascertain that the raw materiaj demand will be
adequately met before the land use pattern is changed. The
LIVESTOCK - AQUACULTURE- AGRICULTURE-FARM INDUSTRY system
will complement the above cycle, providing additional fuel, feed
and fertilizer on the spot to creale more farm activities and
increase the economic returns for the farm ramuy unit.

While hoping that further research and positive development by
the Institute staff and visiting graduate students and academics
will lead to expansion of our activities during Phase 11 of this IFS
project, the proposed expanded tycle for Phase I will be as
follows:



OPERATIONS

REQUIREMENTS

PRODUCTS

Silkworm culture {as above)
but excreta discharged into
digesters instead of being put
directly into [ish ponds

Pigs and chickens rajsed in
pens and cages

All wastes washed into some
digesters and settling tanks

Digester efTluent pumped to
pitcbed clear plastic cover
over shallow reservoir on flat
roof of pen and then into the
reservoir for algae culture

Roof effluent discharged into
algae basins or tanks, and kept
in motion by paddle wheel or
compressed air

Basin effiuent flows through
hydroponics troughs & aero-
ponics pols Lo grow crops

Trough effluent discharged
into fish tanks and ponds

Pond effiuent pumped to over-
head tank, then flows into drip
irrigation pipes on dykes to
irrigate and fertilize crops

Pond mud on dykes
{as above, but not sole
source of fertilizer)

Processing of livestock and
crops {pickling, fermenting,
drying, smoking, sugaring,
salting, etc.)

lmproved sericul-
ture technology &
disease control

Proper animal
husbandry

No leakage or
corrosion

Wind or solar pump

with biogas pump
as standby. Liquid
flows over roof
cover as a thin film

Clear efflvent for
good solar penetra-
tion. Avoid eutro-
phication

Proper hydroponics
and aeroponics
technology

Polyculture
technology

Same pumps as
for digester
effluent

More and better
fertilizer

Small equipment
& machinery, and
new & appropriate
technology

Longer silk
[ilament in
shorter time
-- more ($)

Meat and
poultry (§)

Biogas fuel
(S)

Increased
algal growth
(S). Extra
aeration for
mineralization

Algae used as
animal feed,
fertilizer or
digester feed
stock (S)

Varjous plants
as food ($) and
feed (S)

Multiple fish
harvests ($)

Trees, fruits,
vegetables,
and livestock
feed (3)

Higher output
and better
crops {$)

Processed

foods/goods,
and livestock
feed ($) & (S)



The proposed IFS project will be done iu three phases as follows:

Phase I -  Testing and further development of the MULBERRY
DYKE-CARP POND-SILKWORM system Jglegrated
with the LIVESTOCR-AQUACULTURE-AGRICULTURE-
FARM INDUSTRY system at the experimentaj station
and two selected farms in the vicinity of LELIU,
where the f2od fo waler ratio is only 1:4, with a

view to optimization of the proposed IFS.

Phase I - Application of the IFS to three farms each in the
central and western parts of the Delta, where the
ratio of Jazd lo wateris between 1:1 and 4:1, in
order to diversify the farming activities, create locat
employment oppertunities, and optimize utilization
of all available resources.

Phase III - Relationship of the IFS in the whole Zhujiang Deita,
with an area of (2,000 square kilometers and
10 million people, to the wrhwe 2ad indusiria/
areas of Guangzhou, the provincial capital, Shenzhen
and two other special ecomomic zones, Hong Eong,
and other fast developing areas along the cvast of
Guangzhou Province, concerning supply and demand,
production, marketing, income structure and
distribution, and the secial implications.

Each phase will be for a duration of 2 to 3 years, but there will
certainly be much overlapping which will enable the w2o/e project
to be completed in six to seven years. The distinction between
the three phases only serves to nighlight the areas where the
emphasis should be put in order to achieve our objectives, but we
have no intention of separating the technofogical and scientific
aspects from the socio-econiomic ones at any stage.

During Phase I, there will be a construction period of 6 months,
followed by 6 months of trials and experiments with livestock
breeds and various species of plants available in the tropical world,
and then 12 to 18 months of data collection on an agreed tist of
operations. Meanwhile, research and development will continue at
LELIU Experimentat Station and at the Imstitute by the staff and
overseas scholars. The teaching during Phase [ will be Limited to
the local farmers and extension officers in seminars and group
discussions. Phases Il & 111 will concentrate on training of both
local and overseas technicians and trainers, and will be described
in another document at a later stage.



THE WORK WILL BE DONE IN

THREE PHASES

EACH PHASE
WILL BE FOR A DURATION OF

2 TO 3 YEARS

PHASE 1

IS DESCRIBED IN COMPREHENSIVE
DETAILS

IN THE PRESENT PAPER



It is obvious thal such & critical fertilizer-iivesioct-feed
relationship can work beiter in the southern part of the Delta, where

there is much more water and less land. The water needs much less

fertilizer to produce more bjomass than the land, particularly with

polyculture that has reached a stage of near perfection in that area.

The big lish population per unit area can provide more fertilizer for

the land, which has a much lower area than the ponds. Together

with the abundance of water, we can expect all kinds of plants {from

vines to trees) to grow extremely well in that part.

As we move away [rom the rivers, the proportion of land increases
until we reach the part where water can become a problem. Water
is the most important element in the IFS, where it is recycled
throughout the whole system from [lushing the wastes of the animal
pen into the digester to the irrigation of plants on the dykes. It
overllows [rom one operation to the next, except where jt has to be
pumped to the pen roof and overhead tank, and allows one person Lo
operate the whole system with a water hose at the animal pen. IS
shortage will restrict the fish pond area where evaporation losses
have to be constantly replaced, and will reduce both the aguatic
biomass and the pond mud [ertilizer. To make up for such
deficiencies, we need more livesiock and algae basins or hydroponics
troughs, which require much more capital expenditure than fish
ponds. We will certainly have problems with extra feed for the
livestock and with fertilization of the additional land [rom products

within the system.

Much work in the present IFS project will be involved with this
critical assessment of the [feriilirer-livesiock-feed balance in
order to optimize productivity in specific cases of land to water
ratiosof 1:4. 1:1 and 4:1 in the southern, centiral and western parts
respectively of the Zhujiang Delta and beyond. We will need a ot of
help in technological innovations, introduction of suitable crops, and
availability of water on the farms.

So in Phase ]| the Integrated Farms will consist of many small-scale
combinations to assess the productivily based on the land-water
ratio and interaction.



PHASE I

IS IN LOW-LVYING AREAS

WHERE THE MULBERRY/SUGARCANE
DYKE-FISH POND SYSTEM

AND
THE FLOWER-FISH POND SYSTEM

VARY FROM

WELL ESTABLISHED

T0

RECENTLY INTRODUCED

PHASE 11
IS ON DRYER LAND

AND WILL HAVE MANY
SMALL EXPERIMENTAL FARMS

FOR THE LAND-WATER INTERACTION STUDIES



This mep of South-West Guangdong shows part of the project area of
Zhujiang Delta for the proposed IFS project, and its proximity to the
urban and industrial areas of Guangrhou, Foshan, Hong Kong &
Macau, and 1o the special economic zones of Shenzhen and Zuhai.
The Zhujiang Delta project area extends to the West and North, and
covers an area of 12,000 square kilometers and has a population of

10 million.




LEGEAD EER A Algee Basins/Ponds [P0 F Asimal Pens/Workshop
EYY 3 Esisting Fermhoase EXS X Xydroposics/Aeroponios
E=3 ¢ Vegetadtes/Fruits ? Potied Plowers & Trees

- R N
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This map shows a typicnl integrated farm for a farm family unit. It
can be modified to suit the number and size of households in the

farm family unit.



The three project farms aiready have the dike-pond system in place,
all with good access roads. They will alf be further integrated with
pig, chicken, duck and goose farming; algae and other aquatic life
culture; intercropping and multicropping of various crops; and crop
and livestock processing. The pigs and chickens will produce extra
eicreia, which will poliute the ponds because of the enormous
quantities and kill the fish unless we provide the treatment
described above. Ducks and geese will also be raised in the ponds,
thus producing extra fertilizer.

The most important criterion [or the inareased integralron is not the
size of any new livestock herd added to the system, but the
guaniily of wastes that the livestock produce. Dr. Donald L. Day,
University of lllinois, Urbana, US.A., has shown in the table below
that the products from various livestock are only a fraction of the
quantity of wastes produced. The new wasies must generate enough
fuel, fertilizer and feed to justify the addition of the livestock.

LIYESTOCK BODY WEBHT EXCRETA/YEAR PRODUCTS/YEAR

Cow 455 Kg 13,270y 1,820 kg milk

& 135 £y calt
Year ling® 255 7,965 225 kg ment
Sow Q0 - 1,660 35 Kg piglets
Pig** 45 995 180 kg proouce
Leyer Chicken 1.8 332 135 kg o5
Broiler Chicken™* 09 232 122 Kg poultry

= Average welght from 1 10 2 years o1d, slsughtered sl the end of the second yeer
*# Averoge weight from birth to merket size; 2 pigs/year end S broilers/year

The pigs, chickens, ducks and geese will require additional feed,
which will be provided by algae and aquatic plants, crop remains as
well as processing residues, and leaves and pods from Lrees such as
leucaena leucocephalia, which can also [ir nitrogen from the air into
the soil.

At a later stage, other livestock such &s goat, cattic, rabbit and
pigeon will be added to the system, provided that Lhere is a need for
their extra wastes and the sysiem also produces the exira feed.
Another very imporiant factor js the improvement of animal
husbandry, particularly breeding techniques such as artificial
insemination, nutrition quality through scientific formulation, and
disease prevention and control -- all for marimum reproduction,
survival rate, and growth. The traditional pattern of keeping a few
animals and birds in order to dispose of food remains, and at the
same lime fatten them up for the [estive seasons, does not have a
place in the IFS. We want 10 produce as much meal as we can 10 sell

for marimum profit, but still at competitive prices.

57



THE WORK IR PHASE 1 WILL BE DORE IN

THREE SEPARATE LOCATIONS

" UNDER DIFFERENT CORDITIONS

{. MODEL FARM AT

LELIU EXPERIMENTAL STATION

2. PRIVATE FARM OF

POLYCULTURE PONDS/FLOYER

CULTURE AT CHENCUN

3. EXISTING FARM HNOT
DOING TOO WELL IN A

POOR AREA AT DEQING




The important aspect of the animal pen is the foar, which
must be in brick, concrete or stone, where available, in order to
facilitate the flushing of animal wastes into the digester two or
three times a day. We must also use some of the space inside
the pen by having the chickens in cages above the piggery
area, wWith a proper drain under the cages for complete
containment and easy flushing of the droppings. The flat
concrete roa’of the pen and the fop parrof the digesters and
gas storage tanks are also used to grow algae or flowers, using
aeroponics. It is worth investing some money in the pen for
these economic as well as sanitary reasons. Using the three
kinds of materjal for the floor, which is subjected to very harsh
treatment from constant pounding by the pigs and the acid in
the wastes, will allow us to compare the price, performance
and eventually the durability of each of these materials.

The digesters will be built with three different materials :
clay brick, reinforced concrete, and prefabricated fiberglass.
Since the digester is the Aeartf of the whole INTEGRATED
FARMING SYSTEM, it will not be worth saving any money on it
at the expense of workmanship, durability and air tightness. It
can only function, as intended, if the anaerobic conditions are
maintained and the useful biogas does not escape. There are
already too many digesters that have leakage and/or corrosion
problems, and can only be rehabilitated at great expense in
areas where they can feast afford il. One gas storage tank
will be built with a fiberglass or ferrocement holder floating in
a brick container filled with water, one with a reinforced
plastic bag supported on an aluminum frame, and another in
fiberglass. Each digester and each gas storage tank will have a
manometer and a gas meter for monitoring purposes.

Two sets of algae basins will be shallow: one with concrete
fioor and brick baffle walls or with brick baffle walls on a bed
of sand and covered with reinforced plastic, and the other in
fiberglass channels. Each set will have & paddie whee! L0 keep
the liquid in motion during working hours. A third set will
have deep fiberglass tanks also with paddle wheel or
compressed air outlets for the same purpose. Trials will be
made with the liquid containing the algae to discharge directly
into a fish pond, to feed directly to ducks and geese, to mix
with pig and chicken feed, to harvest with micro-fine filter
sheets or a small centrifugal skimmer and dry [or [uture use,
to apply directly on land as fertilizer, and to [eed into the
digester to increase biogas production.



THE

CONSTRUCTION PROGRAM

FOR

EACH FARM

CORSISTS OF

ANIMAL PEN
DIGESTERS
GAS STORAGE TANKS

ALGAE BASINS & TANKS
HYDROPONICS TROUGHS

AEROPONICS POTS



The effiuent from the algae basins or tanks flows through a
series of aeroponics pots and then into shallow hydroponics
troughs, made of fiberglass or lined with plastic sheet and
containing gravel, for culture of vegetables and flowers, using
most of the residual algae and some of the minerals as
fertilizer, and finally into the fiberglass fish tanks and

existing fish ponds.

Highty developed polyculture of at least i species of fish at
three different levels is already taking place.on a wide scale.
With strict disease control, the pond productivity can probably
be optimized now. Experimental culture of prawns and other
shellfish, eel, and other aquatic and semi- aquatic plants
(besides the already established lotus, water chestnut,
watercress, ipomoea aquatica, duckweed, and water hyacinth)
in marginal ponds to compare their economic returns as well as
providing more diversity in the pond products. Feed trials will
also be made with different kinds of primary produce, crop
remains and processing residues on varjous species of fish and
other aquatic life.

Besides the land taken by the above activities and the
farmhouse, workshop and silkworm shed on the dikes, all the
rest is used for agricuiture, horticulture and silviculture,
incorporating multicropping, intercropping, rotation of crops,
and their preservation or conversion into stable products.
What is essential is the availability of fertilizer, water and fuel
on tap, and this is what the IFS will provide to the farm unit
on its existing dykes at the cheapest possible cost. The
mineralized water is pumped into overhead tanks to provide
pressure for drip irrigation, which will ensure that the

nutrients go to the plant roots only.

The workshop is best focated on the ground floor of the
farmhouse, with the residential quarters above, but in the
present project the workshop will be located at the animal pen.
The workshop is used for food processing activities that can be
done at farm level and, if space is available, silkworm culture.
As much as possible, natural methods will be used, but these
traditional techniques will be improved with appropriate
equipment and machinery, developed by some United Nations
agencies and a few commercial firms, which will be run on
biogas or other locally produced fuel. The capital and running
costs will be compared with the same operations using

imported fuel.
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Processing activities requiring bigger machinery of operation
will be left to joint ventures owned by the local farm family
units. These will include a dairy for milk and milk products;
slaughter house and related industries such as canpery and
tannery; mill for flour, sugar or oil, and making of soap,
confectionery, and stock feed; factory for juice, syrup, sauce,
wine, vinegar, and condiments;  distillery for liquor,
methylated spirits as fuel, and ethano] for running vehicles;
factory for spinning silk, cotton, and plant fibres; and other
factories for pulp, paper, cardboard, wax, and a broad range of
consumer goods using locat raw materials. The presealproject
does oot consider such issues, as they have already been
documented e/sewDere

The project will not build a farmhouse, and each farm famity
unit will use its existing one. However, it is worth looking at its
design to suit the IFS in order to make it functional as weil as
economical to build. One possibility is to have a conriyard
design that will provide an enclosed unit with the pen,
workshop, silkworm shed and storeroom on its four sides, and
the central space used for open air activities such as drying
grain. On one side the residential quarters can be built as an
uppert floor, preferably opposite the pen and on the windward
side. All the concrete roofs will be used for growing algae and
potted flowers. It is hoped that the family of one of the eight
project sites will agree to build a model farmhouse during the
project period, and we will be happy to offer advice and
professional help to make it a success.

Much can be done by the farm family unit itself in order to
reduce costs, such as the reinforced concrete structire for the
animal pen, but some items can be mofre economicaily
produced in a central factory. The aim is to build a permesent
system that will not only benefit the present generation, but
also many others to come. '

The expensive items are the digester/gasholder units, aigae
basins and tanks, hydroponics troughs, aeroponics pots,
overhead tanks, and irrigation pipes. The pressurized items
are made in fiberglass, which is corrosion and rot free, and the
others in thinner fiberglass or reinforced plastic sheets. They
are all prefabricated in standard modules of rolls, so that they
can be easily added at any time to make any combination to
accomodate the particular fequirements of any integrated
farm. Appeodix C shows the versality of such a system.
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THE IDEA IS TO MAKE

PROFITS
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FOR

- EACH

OF THE THREE FARMS IN

PHASE 1

THE STANDARD COSTS

ARE GIVEN IN

LIST (A) FOR
MATERIALS & CONSTRUCTION

LIST (B) FOR

EQUIPMENT & MACHINERY

LIST (C) FOR
PERSONNEL & ADMINISTRATION



The standard costs of materials and construction are as follows :

LIST (A)

Animal pen & Workshop in reinforced concrete
(2 floors x 100 square meters)
Digester in clay bricks (50 cubic meters)
Digester in reinforced concrete (20 c.m.)
Digester in fiberglass (4 1 6 c.m.)
Gasholder in bricks and {iberglass or ferrocement
holder (216 c.m.)
Gasholder in plastic bag (25 c.m.) & aluminum frame
Gasholder in fiberglass (23 6 c.m.)
Algae basin in concrete & brick, and brick &
plastic sheet (2 x 100 s.m.)
Algae basin in fiberglass channels (100 s.m.)
Algae tanks in fiberglass (2x 3 c.m.))
Fish tanks in fiberglass (2 x 3 c.m.)
Hydroponics troughs in fibeerglass (251 0.6 m 1 4 m)
Hydroponics troughs with reinforced plastic sheets
(4 m x 100 m) -- to suit size of roll
Aeroponics pots and aluminum threstles
Overhead tank (6 c.m.) with 20 m stee! stand
Drip irrigation pipes (2,000 m)
COSTS
CONTINGENCY 10%

TOTAL (Jor materials & copsiruction) = US.$



The estimated costs for equipment and machinery are as follows :

LIST(BJRMD
6 gas meters for digesters and gas storage tanks 300
1 biogas generator (10 HP) 2,000
I biogas generator (30 HP) 3.000
1 two-stage compressor for biogas bottling {3 HP) 1.000
6 gas bottles (25 & S0 kilograms) 700
3 gasrings (2, 3" and 57) 300
2 gas lamps (single & double mantles) 200
1 gas instant water heater (1 cm.) 400
1 electric water heater (4 c.m.} 400
2 sets of paddie wheels for algae basins 600
2 air compressors of 3 HP for algae tanks (one standby) 1.400
300 metres of 1/2" plastic aeration pipes & fitlings 300
25 metres corrugated plastic sheets (2 x 3 m) for penroof 1.000
10 s.m. of clear plastic cover & frame for algae tanks 1,000
1 photovoltaic water pump (3 HP) 2.000
1 wind pump (3 HP) 1,000
1 electric pump (3 HP) 1,500
1 centrifugal skimming pump (5 HP) 2,000
I sel hand micro [ilters 500
2 aerators for [ish ponds (5 & 10 HP) 1,000
i tractor {10 HP) with bucket & 3 trailers 20,000
S implements (plough, harvest, pump. coOmpressor, spare) 8.000
1 electric hammer mill (3 HP) 3,000
1 electric grinder (3 HP) 1,000
I foot operated chipper 400
1 electric oil press (3 HP) ; 6.000
1 electric blender (3 HP) 1,000
1 centrifugal dryer (3 HP} 3,000
1 electric mixer (3 HP) 1,000
1 solar dryer (4 c.m.) 1.000
1 gas dryer (4 cm.) 2.000
1 electric dryer (4 cm.) 2.000
Sundry containers 400
Sundry tools 600
Sundry materials _1.000
COSTS 71,000
CONTINGENCY 10% _7.000
78.000

TOT AL (for equipment & macbinery) = US. $26.000



The estimated costs for personnel & administration are as follows :

LIST (C) EMD
Project Director | 25,000
G10G staff (Allowances for 4 Field Coordinators) ' 40,000
GIOG field workers at Leliu ' 15,000

- Visiting Research Scholar (Travel & Fees) 95,000
Research Scholar - Technology (Travel & Fees) 50,000
Research Scholar - Socio-Ecopomic (Travel & Fees) 45,000
Expert Services (Trave! & Subsistence Only) 40,000
Graduate Students (Fares Subsidy & Allowances) 40,000
- Local Travel (Meetings outside Guangzhou) 10,000
Overseas Travel (International Meetings on IFS) 30,000
Subsistence Aliowances (Local & Overseas Travel) 20,000
Transport -- one 4-Wheel Drive and one Pickup 40,000
Running & Maintenance Expenses (driver) 20,000
Bi-lingual Secretary 10,000
Office Equipment 30,000
Office EXpenses 10,000
Printing & Pubtications - 10,000
Training (Seminars/Group Discussions) 25,000
Meeting Expenses (Including Fares & Per Diem) 15,000
Scientific & Field Instruments (if NA. at GIOG) - 60,000

Funding added to Tralnlag (o Phases 11 & 111/

Sundry Items for GIOG Laboratories 20,000
sundry Items for Letiu & Other Stations 20,000
Compensation for use of farms for project (average) 40,000
COSTS 710,000

CONTINGENCY 102 70,000

| ~20.000

TOTAL (for personpne! & adminisiration)= US.$ 260000



Funding is requested from international, regional and national
agencies for the whole project, spread over & fo 7 years and will be
made up of the three categories (A, B & C) detailed in COSTING
above. In Phase I, the funding required is for construction and
furnishing of the three farms, as listed in (A) and (B), and for
personne! and administration, as listed in {C), amounting to a total of
RMB 955,000 for Year 1, which is equivalent to U.S. 378 300 (based
on $1 = RMB3). For Year 2, there is no construction but some
materials will be required for minor additions and modifications to
improve performance. For Year 3, some innovative equipment and
machinery will be tested for the same reason. The total funding
required for Phase 1is U.S. S89< 000

The same procedure is followed for Phase 11, which starts at Year 3
when three more farms will be constructed in the central part of the
Delta. In Year 4, three other farms will be built in the western part.
There will be no more farm construction in Phase III, except for
some modifications as and when necessary, and there will be testing
of a few pieces of equipment or machinery to optimize productivity.
The personnel and administration costs are quite substantial
throughout the whote project, but they are absolutely necessary in
order to deal with all the scientific, technotogical, managerial, social
and economic aspects involved.

The SHEDULF OF FUNDING is given below for the whole project, and
the details for all three categories are similar to those of Year One.
For subsequent years, a 5% infiation rate is provided, with the figures
rounded off. However, the total cost of the project is much highert,
and the balance is provided by the Guangzhou Institute of Geography
as the focal contribution for cost sharing.

The Institute will provide the services of its staff and all its
appropriate equipment and facilities for alt data coliection, laboratory
testing and analysis required by the project, estimated at more than
US$400,000. However, all sundry items used on the project, travel
expenses and per diem for field work will be paid by the project. The
Institute will also provide office space for the project free of charge,
but the project will have one full-time bi-linguat secretary who will be
responsible to the Project Director. She will do the liaison work
between him and the Institute, the appropriate government
authorities, and the external officers concerned. She will aiso be
responsible to the Visiting Research Scholar for all communications
between him and the external officers and agencies connected with

the project.



FUNDING
IS REQUESTED FOR THE

WHOLE PROJECT
COSTING

US. $2,451,000

SPREAD OVER

6 TO 7 YEARS:

PHASE I

(2 TO 3 YEARS)

U.S. $894.000

PHASE 11
(2 TO 3 YEARS)

U.S. $803,000
PHASE 111

(2 TO 3 YEARS)

U.S. $754,000



The SCHEDULE OF FUNDING(US. $) for the WHOLE PROJECT is

as follows:

PARTICULARS

PHASE 1

South Zhujiang/Leliu:
Construction of 3 IFS.
Operation & Testing, and
Collection of Data; and
Socio-Economic Study of
South & Centra/ IThujiang

PBASE 11

Central & North Zhujiang:

Construction of 6 JFS,
Operation & Testing. and
Collection of Data; and
Socio-Economic Study of
Centra/ & North IThujiang

PHASE 111

WHOLE Zhujiang Delta:
Operation & Testing of all

9 IFS, & Coliection of Data;

and Socio-Economic Stugdy
of Zhujigng's relationship
to nearby urban areas

]

YEAR A B C

32000 26000 260000
6,000 275000

3000 290000

F3.000 28000 30000
38000 34000 300000

8000 F10.000

5000 60,000
J000 3000 380000

F00,000

TOTAL

318.000
281,000

295,000

113,000
372,000

318,000

68,000
386,000

300,000

122,000 104000 2225000 2431.000



THE EXTERNAL FUNDING OF THIS

INTEGRATED FARMING PROJECT

WILL BE LESS THAN

U.S. $400,000 A YEAR

BUT THE POTENTIAL

OF SUCH A SYSTEM

FOR THE DEVELOPING WORLD

CANNOT BE ESTIMATED

IN MONETARY TERMS ONLY

BECAUSE

THE BENEFITS

WILL BE FELT IN SO MANY

PROBLEM AREAS :

HEALTH NUTRITION & FAMINE
EMPLOYMENT INCOME DISTRIBUTION
ECOLOGY ENVIRONMERTAL PROTECTION

LAND USE RESOURCES MANAGEMENT



CONCLUSION

The INTEGRATED FARMING SYSTEM 2ims at gradual
improvement of the economic status of rural
‘communities, representing 830% of the population in
China and most of the Third World, with emphasis on
sell-employment and self-reliance. The Chipese
leaders were wise in prohibiting the employment of
workers by individuals, because of past exploitation
practices which is still rampant today ir many
developing countries. With the Responsibility System,
recently adopted by China wunder the Four
Modernization Programs, vwhich has brought
spectacular changes in the economic slatus of some
sections of the rural population, the hiring and [iring
of workers are now permitted, though sliill subject to
some limitation. Already this has led to some
polarization which, if allowed to expand, will have the
same disastrous socio-economic consequences as those
plaguing the developing world today. It is ironical that
in this highly technological age there are still millions
of human beings without the basic requirements of
nutrition, housing, public hezith, and economic pursuits
to promote individual and social-well being.

China can still have her modernization programs, and
avoid the problem of one section of the population
becoming prosperous at the expense of the others, by
giving the means and opportunities to the least
aggressive peasants through the IFS. This system
concentrates on & much more intensilied and rational
vtilization of locally available resources such as
energy, fertilizer, feed and raw materials, through
application of modern technology based on oplimum
biological, chemical and physical changes, and use of
improved management practices. = 11 allows the
individual rural family to have a variety of farming
and industrial activities to increase production of food
and consumer goods, and improve the overall income.
Hopefully, this will retsin people on the land and
encourage them 1o work for themselves, and also
convince the new generation that the future of [arming
remains bright for them and for generations to come.



The INTEGRATED FARMING SYSTEM can only succeed if
there is the political commitment to provide the
financial and technical resources to help the farmers
participate in the national development programs.
Chipa bas the unique advantage of public ownership of
these means of production and development, as well as -
a population that is traditionally hard-working. China
can put such resources at their disposal —- she has
alteady done so by contracting out some of the state
rural enterprises to the highest bidders or providing
soft loans for new ventures -- and give special
consideration to the needs of the individual farm units
wanting to benefit from the IFS. Besides the more
equitable and economic use of limited as well as
renewable resources, we can considerably reduce the
social disruptions and tensions that are so evident with
all the other systems worldwide.

In conclusion, the INTEGRATED FARMING SYSTEM is
more likely to succeed in China, not only because of
long traditional practices that will ensure widespread
involvement of tbe [arming community but, most
importantly, because of the political commitment to the
modernizration programs and willingness to experiment
with various promising systems aimed at higher
economic results. China can then become s universal
case study lor the rest of the developing world to
assess all the scientific, technological, environmentsl,
economic, social and cultural aspects of the IFS, and
adapt it to their own needs and circumstances. It is
the first step the people of a developing country must
take -- no other nation can do it on their behall --
because it is only when they can feed themselves
properly in a dignified and rewarding manner that
their mind can develop rationaily, irrespective of
ideology, and they can then take an active part in their

country's development plans.
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THE INTEGRATED FARMING SYSTEM
A COMPLEX SOLAR-BASED ECOSYSTEM MADE UP OF VARIOUS COMPONENTS:

- CHEMICAL ELEMENTS SUCH AS:
C H 0 N
P K Na S
Ca Mg Fe Si etc.

- FREE NATURAL RESOURCES SUCH AS:
SOIL (humus/organisms)
WATER (aquatic life)
AIR (Carbon Dioxide/Oxygen/Nitrogen)

- COMPOUNDS SUCH AS:
PROTEINS
LIPIDS
CARBOHYDRATES
FIBRES

- BIOMASS PRODUCTION SUCH AS:
LIVESTOCK
AQUACULTURE
AGRICULTURE
AGRO-INDUSTRY

* They all play important roles in the Integrated Farming System (IFS).

* They are interdependent, integrated in an ecological whole, some with symbiotic or
synergetic relationships.

* Their changes can affect all organisms in the ecosystem, including humans and nutrients,
fauna and flora.

THE HUMANS SHOULD MANAGE PROPERLY & RESPONSIBLY THE ECOSYSTEM
WITH THE SELF-PURIFYING PROCESSES OF ECO-TECHNOLOGY -- NOT BY THE
POLLUTING EFFECTS OF PETRO-TECHNOLOGY -- THAT MAKE MULTI-
DIMENSIONAL USES OF THE NUTRIENTS TO PRODUCE OPTIMUM FAUNA AND
FLORA TO FEED, SHELTER, CLOTHE AND DEVELOP MANKIND AT THE LOWEST
POSSIBLE COSTS AND WITHOUT DEGRADING THE ENVIRONMENT.
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ENERGY EFFICIENCY OF THE
INTEGRATED FARMING SYSTE?HM

Geonge L. Chan

1. INTRODUCTION
The Integrated Farming System (IFS) is a timely expansion of the traditional

Dike-Pond System (DPS), an ecological and sustainable form of integrated
polycultural aquaculture and multicropped agriculture that has been operating
continuously in the Pearl River Delta of South China for over four centuries.
‘The DPS is now being 'modernized' with indiscriminate introduction of
chemical fertilizers, toxic pesticides and artiﬁcial feeds to increase
productivity, without considering the disastrous impact of the newly-created
pollutants on the environment. The IFS is the ecological and economic
alternative to this environmental degradation, and it involves highly-intensive
cuiture of livestock, aquatic life' and - terrestrial crops through ecological
interactions of land and water resources aimed at complete recovery and
recycling of all wastes and residues in a controlled environment, utilizing
worldwide scientific knowledge and technological innovations. This paper
analyses the energy exchanges in the traditional biological and physical
processeé of the DPS, and demonstrates how modern science and technology
can improve these energy exchanges considerably by remdving the conétraints
or other limiting factors in order to have a much higher overall efflciency,
without any recourse to chemicals and toxic materials, or costly feeds,
while protectihg the environment. )

The figures for this paper are. obtained from work performed on the
DPS by the Guangzhbu Institute of Geography (GIOG), in collaboration with
the United Nations University from 1980 to 1983, at the Agricultural
Experiment Station in.Leliu Commune, Sﬁunde County 1/, and at an eco-farm
outside Beijing by the Municipal Research Institute of Environimental
Protection (BMRI) 2/. After 1985, the Guangzhou Institute of Geograpl-iy
continued with the work, and was joined by the author in 1985 to expand
the DPS into the IFS. Unfortunately, many attempts at obtaining further
funding from local and overseas sources for this work have so far proved

abardones,
4,)‘.‘-&— ‘%&
fo [4 904 :'A:;';.-
‘ arri«

have a pilot farm based on the IFS 3/. Without establlshing these pilot DANMID A

unsuccessful. Finally, two Joint-venture commercial piggeries in Bao'an

and Shunde counties, Guangdong Province, faced with insurmountable
problems of pollution and escalating costs of artificisl feeds, agreed to

farms, there is no way to convince the conservative farmers that the IFSJD

actually works before they w1ll invest further in their DPS farms. Weas- j--é/'
also require the production figures to show how much superior the energy vf'/-’ ,
efficiency of the IFS really is, when compared with the DPS or any other - ""”“-'-
system, in order to convince the lending institutions that the IFS can bring

such high economic returns that are beyond rhe wildest dream!

82



2. TRADITIONAL DIKE-POND SYSTEM
The Dike-Pond System (DPS) in the Pearl River Delta of Guangdong Province

in South China is a system of intensive aquaculture, dating back to three
millenia, that had been integrated four centuries ago with multicropped
agriculture in a closed cycle that uses the residues of one operation as
the input for the following ones. Despite its empirical limitations, the
DPS is undoubtedly the most energy-efficient agrosystem .in China, and
even the whole world. Unfortunately, the present craz.e about modernization
-at all costs is threatening this ecologically-balanced and pollution-free
system, with a growing number of farmers using- art.ificial feeds, chemicai
fertilizers and toxic pesticides to increase productivity, totally disregarding
the pollution problems. Some are also abandoning their farms to . start
small industries that are irresponsibly releasing toxic and even dangerous
poilutants into our water, air or soil. It is indeed sad to see such a unique
ecological agrbsystem being replaced by so-called modern farming that
has done untold damage to the environment in many parts of the world,
because of ignorance of these facts by the Chinese farmers gullible enough
to accept 'modern' ideas from outside as 'gospel'. It is, of course, too
much to ask those unscrupulous merchants of 'death' to tell the Chinese
leaders the whole truth about chemical and toxic agriculture!

2.1. Construction

Today, it is difficult to imagine that over 800 km?® of low-lying land
have been converted into deep ponds and elevated dikes by hand, starting
thousands of years ago; or that centuries ago the simple farmers had 5
to 6 compatible species of carp in the same pond feeding on natural plankton
at different trophic levels. Only grass was fed to one spécies In order
to start a whole complex food chain to meet the needs of the other species
of flsh in that traditional polyculture system. With the empirical knowledge
passed on from father to son, the farmers have been ab]é to sustain this
ecologically-balanced system for centuries, and there is every good sign
that it can continue for ever unless, of course, the decision makers let
the present chemical farming degenerate into the same dangerous situation
as in the 'modern' world. It would be a real disaster indeed!

As with most traditional systems, the DPS did not expand to other
regions outside its place of origin, or get the attention of administrators
and academics, at home or abroad, until recently. The first sclentific
study done at internationai levei only started in this decade when the United
Nations University (UNU} decided to provide funding for three years, and
no longer, for. two outside consultants to work with the Guangzhou Institute
of Geography 4/. The situation was not much better in China as recent
scientific papers have shown: relationship between productivity of fish
and plankton 5/; quantification of energy exchange on both ponds and
dikes §/; and evaluation of the extra benefits obtained from treating the

livestock wastes before Lising the effluent in the ponds 7/.

83



2.2. Energv Budget

From the energy aspect, the DPS has everything going for it. Today,
the ponds are ‘dug with a bulldozer or excavator, and it is faster and more
energy efficient, This is where heavy equipment is appropriate and really
economic. Once set up, it does not require any recurrent.exgenditure to
maintain it, as in the "drain and develop" method which often requires
pumping at the lowest level to dispose of the water -- we have a few
of these white elephants in the province to remind us of such stupidity,
and we keep on paying more for it as energy costs escalate. The DPS
also allows the farmer to have a variety of products: livestock, agquatic
life and terrestrial crops, with higher yields because of on-site irrigation
and fertilization year-round, and at the lowest production costs because
of minimum input from outside the system. ‘

Solar radiation is the main energy source, as in all agrosystems, but
only 0.1 - 0.2% of this huge amount of natural energy absorbed by the
dikes and ponds within the system is stored chemically in the economic
products, as determined at Leliu 8/. This is due to over half the global
radiation not being available for photosynthesis, and of the remainder that
is photosyntheticaily active radiation (PAR) there are huge natural losses:
28% in reflected radiation and 71% in heat, metabolism and decomposition,
leaving only 1% which is stored chemically in the nutrients (wastes,
fertilizers, micro-organisms) and detritus (stems, roots, left-over feeds,
humus) of the soil and of the pond water and mud, and in the economic
products (representing only 0.1 - 0.2%). o '

In the DPS, there is not much we can do about the 99% biological and
environmental los;es. The - disslpated heat from metabolism and reflected
radiation from the dikes are practically non-recoverable, but can be slightly
reduced from the water surface if it is covered with floating aquatic plants
such as water hyacinth or duckweed, at the expense of plankton growth,
Since the carps need the plankton for their own growth, the surplus aquatic
plants will be wasted because the few livestock kept for family consumption
can only consume some of them. As for the remaining 1%, 0.8% is in
the soil and pond mud.  The nutrients in the pond mud are not used
directly, as the ‘latter has to be spfead on the dikes before the fertillzer
is available to plants, and in the meantime decomposition of the organic
content releases gases that escape into' the atmosphere. The only way
the 0.2% for the economic products can be increased is to grow more
fast-growing crops on the dikes in order to use the PAR and the excess
nutrients in both soil and water more effectively, as we shall see later.

The productivity of the DPS can also be increased by having external
energy l(electricity, coal, firewood, gas, oil, gasolene) or energy-related "
(feeds, fertilizers, pesticides, equipment or machinery} input. This is referred
to as "artificial" energy, which does not only cost money but often pollutes

as well, and the DPS is going through such a 'crisis' at the moment.
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2.3. Epergy Exchange

We can analyse the energy budget and look at the various components
of the ecosystem to see what we can do to improve the natural as well
as artificial energy efficiency, so as to increase the economic products
as well as the net socio-economic balance. The net socio-economic balance
is the difference between the value of the economic products and the
socio-ecological costs to the community (environmental pollution, depletion
of natural resources, unemployment, etc). These are not easily quantified,
but it will be up to the decision makers, from top government to the lowest
household levels, to make their judgement after -considering all the facts,
if not figures. \

2.3.(i) - Mulberry Dike - Silkworm - Fish Pond Niodel

In the DPS model of GIOG at Leliu, both the natural and artificial energy

inputs are considered for a mulberry/winter vegetable (30%)} and grass (10%)
dike, a fish pond of the same surface area, and fertilization 6f pond with
excreta from silkworms (fed on mulberry leaves) and wastes from a few pigs
(consuming the food scraps ‘and crop residues). ‘The fish are raised on grass
and commercial feeds. The solar radiation is measured with quantum sensofs
from Japan and processed with integrators from USA. The input and output,
given as 10° M]/hectare/year, are as follows: :

INPUT OUTPUT
natural |artificial losses stored [econamic

1 TEMS

Radiation (PAR)
Fish Pond 13,558
Malberry : 6,436
Vegetables . 1,560
Grass 1,560

Wastes 11

Comercial Feeds 55 -

[y N Y e el I T Y "W TN RSP [ S

Losses
Reflection 6,526
Metabolism 16,274
Decarposition 133

Stored in dlke/pond
Roots & Stems _ - 54
Leftover feeds _ 20
Pond Mud 142

Econamic Products
Silk cocoons 9
Fish ‘ 20
Vegetables 2

" TOTALS 23, 125 55 || 22,933 215 | 31

PERCENTACES 99.76 0.24 il ©8.9%3 0.9 i 0.13

85



2.3.{i1} - Fish Ponds at GIOG Leliu Model & Four Typical DPS Households
~ An analysis is also made of the artificial energy input for the fish ponds of the Leliu model and four typical DPS households surveyed
during the UNU/CHINA project In the Nanshui Brigade. PAR input per unit area is assumed to be the same for all ponds.

an

We are

concerned here with the kinds of input, and their gquantities supplied to every pond, the energy values extrapolated in rate/hectare, their
and (ii) their

pereentages, and the conversion rates.

We want to discuss (i) their impact, good and bad, on the ecology of the ponds;

economic implications for the farmers, These details will help us in our evaluation of present practices and in our recommendations for

steps to be taken at the farm level in order to improve the energy efficiency and the economic return. In the following table, the input

figures are in tons supplied to every pond, the extrapolated energy values of input and output in 10® M]/hectare, and the conversion rate
measured as output/input,

U STATION

KTNDS: LEL] HOUSEHOLD HOUSEHOLD T1I HOUSEHOLD III HOUSEHOLD TV
ST ——— INPUT VALUE ofo INPUT VALUE o/ao INPUT VALUE ofo INPUT VALUE o/o INPUT VALUE o/a
WRSTES - |
Silkwarm 47.24 99,34 29,8 - - - 1.66 20.80 2.7 | - - - - - -
Annimal 10.14 21.32 | 6.4 50.00 1317.87 |36.1 22,50 [2B1.92 |37.1 22,72 | 497,25 |60.2 4,50 91.65 |30.5
lHirnan - - - 3.50 22026 2.5 5.0? 53.53 B.‘l 2.98 65022 ?og ‘IQED 93.59 31 02
__ inlal Wastes 57,38 |120.86 36,2 | 53.50 |340.23 {38.6 | 29.23 |386.25 |48.2 | 25.70 |s62.47 [68.1 | 8.10 |185.34 |ui.7
G £0 4.3
1 ]li[xl\drll, graSS 17.?2 106032 31.9 2050 49082 505 2.50 BQ.‘IS 1101 2-50 102.10 12.[4 3.?5 114.83 8.4 ’
SunyurLate wudstes - - - 20,00 |397.01 145.1 S.00 1168.90 {22. - - - - - -
tovoed/crup remains - - - 4,50 89.32 |10.2 - - - - - - - -
__Jotal Lreens 17.72 |106,32 |31.9 27,00 |s35.95 |60,.9 7T.50 |253,35 |33.3 2.50 |102.10 (12.4 3,75 |114.B3 35.3
“ - 1¢.2?
C ORI Hi-1AL FEEDS
Loncentrates 6.68 |106.32 |31.9 0,09 4.29 0.5 1.75 j140.41 18,5 1.00 |160.60 [19.5 - - -
Total Com. Feeds 6.6 |106,32 131,9 Q.09 4.29 0.5 1,75 }140.41 |18.5 1,00 156.30 18.5 - - -
TOTAL ENERGY INPUT 333,30 880,47 760,01 825,17 300.17
ENERCY OUTPUT/FISH 40,83 41,22 41.22 3a,38 2e.86
CONVERSION RATE 0,12 12 D,04 4 0.0S 5 0.04 4 0.09 9
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2.2.(iii} - Dike - Pond Mode! at Eco-Farm outside Beijing

In the DPS model of BMRI, only the artificial energy inputs are
considered for a grain/vegetable dike, a fish pond, and fertilization of pond
with excreta of the fish (fed on grass and commercial feeds) and digested

_wastes of livestock (fed with greens and commercial feeds). It realized

the importance of the solar energy aspects, but did not consider it
worthwhile  to quantity them. Instead it measured the artificial energy
using a calorimeter made in China 9/. The conversion rate is given as

output/input.
_AGRICULTURE
COMPONENTS INPUT

X 1E|:5 m3 organic inorgan. TOTAL ouTPuT i RATE
Rice 8344 3982 12326 29640 2.40
uheat 5792 1173 5965 8320 1.20
Fesd crops 94 _ ;| 101 110 1.09
Barley 1875 462 2337 1889 - 0.81
Rape . 1213 268 1479 777 1 g.53
Cotton _ 228 91 319 118 0.40
Fruits 91 45 136 55 0.40
Vegetables 1078 1185 2295 824 0.40
LIVESTOCK (including FISH)

COMPONENTS - Q0 UuUTPUT.

x 10°m3 | YT 4 opgoucts | wasTes TOTAL RATE
Mule 1373 gas 327 1206 0.88
pig ' 1080 q 293 57a. | 866 0,79
Lean pig | 2934 1690 500 2190 .75
Duck | 1518 21 1033 1061 0.70
Other livestock 1944 766 385 1151 0.59
Chicken | 2817 831 1214 1645 0.58
Milk cow 2840 233 928 1181 0.45
Goat | 1141 17 249 265 0.23
Fish 126 9 101 110 9.17
Beef cattis 3923 184 224 410 1.11
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2.4. Energv Evaluation

The input-cutput energy balance enables us to evalﬁate the efficiéncy
of every component of the model. The most striking feature is that the
potential of solar energy is huge, but so is the wastage, leaving only a
minute amount for us to use. It also makes us realize that a slight
reduction in the losses can make a significant contribution to the economic
balance of the whole system. Even with the minute amount stored
chemically within the system, the economic products represent only
one-fifth, so there is much room for improvement if we can transfo;m
some of the stored energy into useful products.

We should thoroughly explore these two imEortant areas instead of
introducing external emergy and energy-related inputs into the DPS. This
is what the expansioh of the DPS into the IFS is set out to do, be;:ause
there is enough scientific innovations to do so. The learned institutic-ms
in the rich countries are littered with reports containing ino.st useful
knowledge that is not applied because they are not 'culturally' or 'socially’
ready to use them. However, most of the reports are quite appropriate
for the developing world, where there is s lack of personnel and funding
to do research in similar flelds. It would save much time and money if
our graduates would spend their' time perusing all the available reports
for technology that is immedliately useful to our people, instead of pursuing
studles on useless subjects that are only of academic interest to a few
of us. Otherwise, we just waste our few capable people because they either
return home and find that they cannot use their newly acquired knowledge,
and their frustration leads them to metamorphose into useless politicians;

‘or they migrate to the rich countries where they get a huge salary to

work in their new flelds. We should stem this brain drain, and stop wasting
our limited human and financial resources on such practices!

' Fortunately, there are a few people in China,l India and certainly a
few other developing countries who are devbting their time, sometimes
on a voluntary basis, to capitallze on this 'free and readily available' source
of technology alfld try to apply it to their local sitations, but many mofe
'volunteers' are needed. So ‘it is unfortunate that not enough attention
is paid to such approprlate‘ development in the Third World because it is
not spéctacular or big business, and most scientists and technologists prefer
the glamor and money of high technology to the lowly task of putting some
wastes, that nobody wants, to good use. So we let +hese wastes pollute
the environment of the poor and even desperate people, who have to worry
about basic needs like food and health . . .

From the 'figures, which can be considerably improved if computers
are used — another case of high technology at the service of the grass
roots communities -- and more trained personnel are available in China,
we can make intelligent decisions on how to utilize our available resources

for maximum efficiency and how to optimize productivity.

88



2.4. (i) - Photosynthetic Losses

In the DPS, the plankton in the ponds and the plants on the dikes make
use of the photosynthetically active radiation through natural biological
and physical means, which also set the limits for their growth, while the
remaining PAR is lost. Moving the big volume of pond water, using
windmill, electric or photovoltaic aerators, can improve phytoplankton growth
by bringing the whole biomass to the surface in order to use more PAR.
Hlgher yields .of fish are also obtained, but so are the costs In both capital
and operation.- It may be cheaper if we can have inexpensive and shallow
containers floating on the pond surface to grow the phytoplankton, and
then feed the fish with it, but meanwhile terrestrial algae basins will do.

‘Much more use can also be made of the available PAR by selecting
fast-growing and high-yielding phytopiankton and plants. For example, the
natural phytoplankton in Leliu produce about 20 tons dry/ha/year. By

inoculating the pond with selective algae such as spirulina, which grows

very fast and has a protein content of up to 75% compared with the

common ones that only have 30-40%, there is no doubt that the both the
phytoplankten and fish yields will increase, Floating aquatic plants such
.~ as water hyacinth produce annually 900 tons/ha, azolla 400, and Lemna
300. As for terrestrial piants, the yield for elephant grass is 225 tons/ha,
and hybrid Napier grass over 300. This abundant biomass can be used as
_ substrate for microbial processing into high-protein feeds,

2.4.(ii) - Photosynthetic Return

" There are three main aspects of any agrosystem that influence its

productivity:  structure, management, and technology. The structure in

the DPS is very simple — just a deep pond and an elevated dike — but
it has made a world of difference, not oniy when compared with the original
wateriogged or flood-prone low-lying lanc] but even with the best farmland
in. any other country. The whole surface within the boundary of the
structure can be utilized, with the pond even offering two-dimensional
culture: fish and plants’in water and plants on the surface.

However, the direct use of livestock wastes in the pond increases the
turbidity and limits the so_lar radiation entering the water, besides consumirng
dissolved oxygen. At best, photosynthesis by phytopiankton is limited to
the top 30-40 cm, so it greatly reduces growth of the minute plants that
some fish eat, restricting the food chain complex and fish yield. Similarly,
- only a part of the pond surface can be used for floating aquatic plants,
or phytoplankton growth will again suffer. More i.mportant still, the quantity
of livestock wastes is limited to the natural capacity of the pond water
mineralizing the organic content without depleting the dissolved oxygen,
or the fish will simply die. From practical experience, the farmers in
the dike-pond region limit their growing pigs to 45 per hectare. Again,
aeration can increase this number but the big volume of air required to

oxidize the additional wastes can be prohibitive in capital and energy costs.

89



With better management of the system, more use can be made of the
stored energy in the livestock wastes, and pond nutrients and detritus, to
reduce the production costs and.also control pollution ét no extra cost,
instead of adding costly chemical fertilizers to the system and increasing
the chemical oxygen demand (COD), As can be seen later in the IFS,
the wastes can first be- treated with appropriate technology to (i) convert
the organics in the wastes into soluble minerais to reduce turbidity and
avoid consumption of dissolved oxygen in the pond; and ({ii) recover most
of the stored energy as biogas fuel, and by having three-dimensional culture
of plants on both ponds and dikes to use up the nutrients as fertilizers.
Multicropping and rotation of crops are used for pest and disease control,
instead of toxic pesticides and chemical prophylaétics that can end up in
the food chain and create health hazards that affect the consumers.

2.4.(111) - Net Socio-Economic Balance

The figures for the artificial energy input show that for the Leliu Station
the inputs of Wastes : Greens : Concentrates are 36 : 32 : 32 in the fish
ponds, and "the conversion rate of input-output is 0.12. For the four

households, it varies between 0.04 and 0.09. The inference is that utilization

of sufficient quantities of concentrates (containing adequate proteins,
essential amino-acids and trace elements besides lipids and carbohydrates)
at Leliu gives the best energy conversion efficiency, but not necessarily
the best economic return which is influenced by the price of the
Concentra_tes. For gxamp!'e, in 1983 the price per ton was US$152; iri
1988, it is already $300 and will undoubtedly continue to rise. '

Among the four households, the one that is as energy efficient- as Leliu
is Household IV which does not use any concentrate. The other three are
much less efficient, even with the use of some concentrates, but they also
use much more wastes and greens than.are necessary, wasting energy that
dbes not contribute to the output. The greens are only consumed b)lr the
herbivorous carps and are not palatable to the others that are protozoa,
benthos, invertebrate and bacteria eaters. Also the nutrients in the raw
wastes are not readily availab’. to the phytoplanfton, besides consuming
dissolved oxygen and releasing gases that inhibit fish growth.

The lesson to be learnt is that too much of anything can be harmful,
and thé best conditions in any pond are to have sufficient g'reeﬁs that can
" be consumed by the herbivorous fish at feeding time, and enough organic
matter in the wastes to enhance growth of zooplankfon, benthoplankton,
invertebrates and bacteria in the complex food chain te feed the other
species of fish. Household IV is the example to study in order to increase
its efficiency.‘ Not only does it n_ol:'use costly concentrates, but it also
has less wastes, and the conversion -rate is still the best among the four
typical households. There is no doubt that if the wastes can be converted
into nutrients that are immediately availabie to the plankton or other aquatic

plants eaten by fish, the overall yield will improve.
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The figures at the eco-farm outside Beijing show the conversion rates
of various crops and livestock {including fish). Rice is the most energy
efficient, followed by wheat but, unfortunately, they both yield !ess monetary

benefits than the other crops. So energy efficiency alone cannot be the
deciding factor for the farmers to choose the crops they want to grow,

because economic efficiency is more important to them. They should,
however, be aware that some energy-related inputs can be cheap or even
'free' while others are relatively expensive. Of course, they should go for
the 'free' ones, but only if these are readily available without any hldden
costs, and they should be told the whole truth by the authorities.

Although often ignored, the farmers should also consider the ecological
efficiency, which can be an important factor when evaluating the. net
socio-economic balance. We should evaluate the socio-economic costs of
environmental pollution caused by wastes that cannot be tak__en‘ care of
naturally or that degrade the environment and prevent natural regeneration

of resources; depletion of non-renewable resources that deprive future

generations of their fair share; unemployment caused by big farm equipment
that is. energy-intensive; and other sociological ills that cannot be given
a monetary value, but can be very costly. The net socio-economic balance
depends on how ql_:ision makers view these factors -- not a comfortable
thought, judging by what is happening worldwide.

Taking rice as an example in 'modern' farming, many farmers are now

-using chemical fertilizers instead of traditional organic manure or co-planting

with azolla/anabaena that fix nitrogen from the air as fertllizer for the
rice plants and at the same time produce fast-growing biomass as-llveéfbck
feed 10/. Even in rich USA, the farmers have small lobsters in the rice
fields feeding on the phytoplankton grbwth in the shallow watel:, not only
to supply their wastes as fertilizer for the rice but aiso for converting
the stubbles, after harvesting the rice, into succulent and high-value protein
food, thus increasing the economic return per unit area 11/. Another big
advantage is that the lobsters also 'cultivate' the fields by their burrowing.
and have the fields ready for replanting, without “the ‘pr‘esent chore that
the poor Chinese farmer has to do, walking slowly behind his water buffalo
to plow the soil and bury the stubbles.

It is irresponsible' and even insane to use chemical fertilizers, with their
high costs and adverse environmental effects, wheri the time-honored azolla
or innovative rice-lobster combination can bring much-thore return to the
rice farmer. Outside the DPS area, the situation is worse as two crops
of rice per year can only bring' a surplus income of ¥50-100 (US$13-25)
per mu (15 mu = 1 ha) after meeting the needs of the farm family. During
winter, the farmers want to grow vegetables, but often they don't have
water for irrigation, so many of them do not even bother about it. No
wonder manv farmers are leaving the land to get a paid job elsewhere,

and very little is being done to retain them on the farm.
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2.5. Future of the DPS

On the initiative of the political leaders and various departments of

Guangdong Province, with backing from their State counterparts, 3,000
hectares df waterlogged and low-lying land in the counties of Gaoyao, Sihui
and Huiyang are being transformed into dikes and ponds in the optimum
proportion of | : 2 of surface area, with a loan of US$12 million from
the International Fund for Agricuitural Development (IFAD) and a matching
fund of $19 million from the State Government. The money is used to
excavate deep ponds and build the dikes above flood level with heavy
equipment by the County Government. Then every family chooses its lot,
and applies to the designated state bank for the appropriate loan which
includesnthe total cost of the reclamation work and the money for all the
materials required to start the farming operations. The family members
then put in all the labor they can supply to build the farmhouse, workshop,
and other facilitles to make the farm operational. The project includes
the setting-up by the government of fish hatcheries, piaﬁt nurseries and
livestoék breeding stations, in order to guarantee the supply of all the
basic requirements for the farms. )

So the future of the DPS in Guangdong Province is fairly bright, and
both the political and administrative commitments are strong enough for
its expansion to the whole province. It is gratifying to see that an
international agency like IFAD Bas capitalized on a traditional and ecological
form of development, and committed such a substantial funding not onljr
to popularize it in the less fortunate sections of the population, but s
also transforming vast areas of wasteland to productive use. The authorities
concerned are confident that the new DPS farmers will be able to repay
their loans without any difficulty, and that this IFAD/CHINA project will
have a snowballing effect all over the province. It is hoped that both
IFAD and the Chinese Government will allow the provincial government
to use the loan repayments to establish a revolving fund for this purpose.

The question of whether the transfer of such technology to other parts
of China is possible or not does not arise, as some provinees have already
tried the DPS. The major limitation, besides a bank loan, is the cold
weather in winter but various greenhouses are being tried. . Fig. 3 shows
one that has given encouraging results as far north as Beijing. The simplest

“one has a bamboo frame and PVC cover, but the one with plastic section

frame and special polyethylene cover 1Is the one recommended, As for
technology transfer to other developing cogntries, each case should be dealt
with on an individual basis, starting with a visit to China followed by a
pilot project at a government station for demonstration and training.
However, the ultimaté aim, as the farmers become well established
with their DPS farms, is to encourage them to apply for further loans
to expand into the IFS, and avoid the irresponsible expansion that some

traditional DPS farmers have done,
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3. INTEGEATED FARMING SYZTEM

The Integrated Farming System is the ‘economic and ecological solution

to the new problems created by the present changes to the DPS. From
the economic aspects, the IFS makes sense because it is only logical that
we should optimize the utilization of resources already present in our system
before introducing fertilizer and feed from outside. It is all the more
desirable to do so when the cost of optimization is so much lower than
what we pay for these additional products, more often with foreign exchange
that is badly needed for other more essential imports., From the ecological
aspects, the IFS becomes more dramatic because we are converting
poilutants into useful resources, not only at no recurrent cost because we
rely .on free micro-organisms to do ‘the work under optimum environmental
conditions, but also with big savings for the system in fertilizer and feed.
Moreover, there is abundant biogas fuel in the bargain. '

.1. Construction

The. IFS requires three additions to the structure of the DPS: (i) a
digester unit and (i) an algae unit between the livestock and the fish ponds,
and (iii) special growing media for aquaponics, hydroponics and aeroponics.
Such investments must be made not only to increase productivity, as in
any enterprise, but with the added bonus of converting all the wastes Into .
useful products. What is more important is that the investments are within
the means of the farm family and are good fér more than 10 years. '

3.1.{1} - Digester Unit _

The digester can be a cheap item when a small fixed-domed one is

built in China for a household using local materials and farm labor, but
it has always been a relatively expensive addition to a household in other

countries because of the high cost of the steel gasholder. Many attempts

have been made to reduce lts costs, but 1n vain. The only one that partiaily
succeeded was a cheap bag made of néoprene rubber or red-mud plastic,
but it was subject to puncture caused by rodents, or after constant rubbing
against hard objects as the bag continuously expanded and contracted.
[t was very difficult to repair uniess It was totally emptied and dried -
not an easy task, There were also some problems -with the material; not
being resistant to ultraviolet rays of sunlight and some chemicals, besides
being sometimes stretched by the gas pressure beyond their elastic limits.
However, to deal with a sizable herd of livestock like the one we have
in the IFS, the cost of the bigger digester which réquires a reinforced
concrete or steel tank, is prohibitive. So there is a tendency to increase
the BOD loading per unit volume, resulting in lower digestion efficiency
and build-up of solids. 'Vhen straw, used as bedding or feed, is also washed
into the digester there is frequent blockage that is very difficult to clear.
Anothier major problem is m to the digester, externally because it
is usually partly buried, or internally because it is a closed tank with or

without a small manhole, when some repairs or alterations have to be made.



The new Chinese digester (Fig. 1) incorporates all recent innovations
in design worldwide. It consists of a dug-out channel with naturally sloping
sides, In waterlogged land where all our DPS farms are now situated,
there is no need to line the channel, and the digestion chamber is dug
2 meters below water table. Above this chamber we have a concrete wall
of 1.05 meters high surrounding the channel, and a primary algae tank,
I meter high, is susﬁended on hooks in the wail and floats on the water
surface. The tank is made of a special polyethylene sheet that is resistant
to ultraviolet rays and most chemicals, and can last for up to 20 yeafs
with livestock wastes. This tank is connected to the digestion chamber
by a pipe of 0.3 meter long at one end, and is filled with water up to
the outlet which is just below the 1 meter level. This tank is supported
by the water in the digestion chamber, which has an inlet I5 cm above
the outlet. The pressure of the water in the tank against the- concrete
wall, also lined with the special polyethylene sheet and has a neopfene
gasket between the two sheets, makes the digestion chamber leak-proof.

When biogas is formed it rises and collects under the algae tank, pushing
some water up the connection pipe into the algae tank and through the
outlet until the unit is in equilibrium. This equilibrium is maintained as
more gas is formed and more water flows out, with the difference in level
between the water in the . algae tank and the water in the digestion chamber
giving a hydraulic pressure to- the biogas. This pressure is restricted by
the special polyethylene sheet, and is 30 cm water column for nylon-
reinforced 30-mil sheet (tensile strength 200 kg/cm?); it cannot exceed
10 cm for non-reinforced 30-mil sheet (66 kg/cm3). Further production
of gas depresses the water level below the connection pipe, and gas escapes
to maintain the equilibrium. When biogas is used, the water level in the
digestion chamber rises, and that in “the algae tank goes down, again-
maintaining the equilibrium, but the h)fdraulic pressure to the biogas also
decreases. We can increase this “pressure by flushing the livestock wastes
into the digester when biogas is used, and the wash water raises the level
in the algae tank up to the outlet.

The algae tank also produces prolific algae as feedstock for the digester
to increase blogas production, if required for more industriai purposes.
Otherwise, the algae can be used' as high-protein feed for the livestock.
This digester takes more surface area than the deeper gnes, but the output
and value of the algae are much higher than if the land is used for any
other farming activities. Because the digester unit reduces the BOD by
60% (after 50 days' retention), and the subsequent algae unit described
below reduces the BOD by a further 30% (after 60-90 days' retention),
we can have 10 times the number of pigs {or equivalent livestock), i.e.
450 per hectare, and still do not sollute the same size of fish pond as
in the CPS because the pollutants entering the pond remain the same as
the originali 45 pigs per hectare.
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Now we have an industrial-sized treatment plant for the wastes of 450 .
pigs (or equivalent in other livestock) per hectare of fish ponds with a
relatively small space for the digester and algae units, at very low costs
but with. substantial amounts of fuel, fertilizer and feed as useful
byproducts. More important still, we have solved the usual problems
connected with digesters worldwide; as mentioned above. As a bonus, we

can easily empty the algae tank and lift the top off to have complete

access to every part of the digester, without digging up anything, or to

repair the sheet in case there is a tiny hole made by a rodent.

3.1.(ii) - Algae Unit _ | |

The effluent from the digester unit flows into a secondary and a tertiary
algae basins in series' (Fig. 2), where fast-growing and high-yielding .algae
are grown and harvested daily as protein-rich fish feed. The construction
is simble, with a one-meter high brick wall and sandy bottom lined with
the special polyethylene sheet. Every algae container is prov-ided with
a small windpump and biogas-operated aerator to keep the liquid in motion
in order to expose all the phytoplankton to sunllght during the day and
keep the dissolved oxygen level as high as possible during the night.

The main purpose of the algae unit is not only to reduce the BOD loading
by a further 30% before the effluent enters the fish pond without any

fish kiil, but to grow selective algae as fish feed In.a better controlled

environment than the pond. Because we can move the whole biomass to
the surface and have more or less saturation of dissolved oxygen and carbon
dioxide, besides all the nutrients present, the .algal growth can be many
times more than the normal phytoplankton gfowth_ in the fish pond, where
photosynthesis is llmited to the top 30-40 cm. So instead of the 20 odd
tons/ha of natural phytoplankton, we can grow high-protein algae such as
Spirulina maxima up to 500 tons/ha, or 25 times more, making more use
of the PAR. Therefore, two élgae basins of 133 m® each can produce

" as much feed as in the 6,667 rtf ponds to meet the fish phytoplankton

requirements on a one-hectare Integrated 'fgrm (2/3 ponds). However, we
use two algae basins of only 100 m? each to meet 75% of the phytoplankton
requirements, and let the fish ponds produce the remalning 25% naturally.
The 10% BOD left in the effluent entering the flsh ponds is sufficient
to enhance the complex feed chain for the-non-herblvofous fish,

It means that we can cover up to 75% of the pond surface with aquatic
plants (azolla, lemna, water hyaclnth, water lettuce,~ etc) and aquaponic
troughs (for tubers and béans), and leave the remaining 25% free for
photosynthesis of phytoplankton but can still be used to grow submerged
plants. This élso supplies the dissolved oxygen during the day for the fish.
In addition, we have many small wind and photovoltaic stand-alone pumps,
avoiding any electrical wiring over the ponds, to lift the bottom water
to the pond surface for natural aeration and to eliminate the harmful gaées
(H2S, CH4, N02) that cause fish stress or inhibit their growth.
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3.1.(iii) - Special Growing hiedia

On every fish pond (Fig. 2) there are four rows of floating agquaponic
troughs (I m x 1 m square, and 30 cm high) made of-plastic, with the
central paft {30 cm x 3¢ cm sgquare, and 1 1 high) having small openings
on the four sides for planting over the -~hole height. .The empty spaces
are filled with special growing media that draw the mineralized pond water
by capillary action to irrigate and fertilize crops. Tubers such as sweet
potatoes are grown on the flat part and various bean vines on the central
part fitted with trellis to prevent the beans from covering the tubers.

On the center of every dike (Fig. 4) there is one row of nitrogen-fixing

leucaena leucocephala and various fruit trees, with wingbeans planted near

the trees and groundnuts in between. On each eﬁdge there is one row of
ﬁlastic aeroponic towers (40 cm x 40 cm, and 3 m high), spaced one meter
apart center to center. The towers are filled with special growing media.
A windpump and a standby biogas-operated pump lift the highly mineralized
pond water to an overhead tank, and the water is then supplied by gravity
in an overhead pipe to all the towers for irrigation and -fertilization
purposes. The towers have small openings on all sides, where various beans
are grown horizontally over the whole height and supported on a trelliswork.
Between the towers are suspended hydroponic troughs, filled with an inert
growing media, and planted with soya or mung beans, with groundnuts grown
underneath.

In half of the open spaces, cereals such as rice or corm are grown.
In the other half, leafy vegetables are grown using multicropping and rotati;)n
of crops. Two compatible seeds are broadcast at th.e same time, with
one crop ready for harvesting after 4 weeks and the other one another
4 weeks later., There is no raised plant bed, transplanting, or tilling of
the soil, but the seeds broadcast are different every time. Up to 12 crops
a year are obtained, and the vegetables are either sold or transformed
into high-quality feed by cheap  but éffl_cient microbial processes. The
hydroponic troughs and multicropping fields are also supplied with irrigation
and fertilization water. from the overhead tank through perforated pipes.

The special growing media for aquapenics, hydroponics and aeroponics
enable us to have three-dimensional culture of food and feed, making the
maximum of the abundant nutrients in the pond water and using as much
as possible of the PAR to fix carbon dioxide and nitrogen from the
atmosphere. We have also chosen various kinds of crops aimed at two
main objectives: to supply the farm family with nutritious food; and have
raw materials for processing mechanically into higher-value goods such
as oil and flour for sale, and by micro-organisms into high-quality feed
for the livestock. Income from the sales is used to buy cheap feed
materials for further microbial processing into high-protein feeds., The
livestock eat less of the high-quality feed but grow faster with a higher
proportion of lean meat that fetches much better prices.
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2,2. Energy Tudget

“rom the energy aspect, the IFS cannot be more efficient. The capital
cost is relatively low, with a useful life of 10-20 years and practicaily
no recurrent cost for its maintenance. It is designed so ingeniously that
automatic flushing of the livestock wastes sets into motion a series of
operations that range from livestock through aquaculture to agriculture.
The livestock wastes are automatically flushed by a siphon tank into the
digestion chamber at one end, displacing an equal volume of supernatant
llquid through the connectlon pipe at the other end into the primary algae
tank, and the same volume overflows from the outlet situated at the other
end of this tank. The effluent enters the secondary algae basin at one
end arid overflows into the tertiary algae basin‘ at the other end., The
effluent from the tertiary algae basin overflows into a series of fish ponds,
all using the overflow principle, until it discharges into some hydroponic
troughs for soya or mung bean culture, and finally into a deeb storage
tank. A windpump lifts this water to the roof of the farmhouse to supply
drinking water to the animals. Another windpump alsc lifts the mineralized
effluent from the last fish pond to an overhead tank to supply the irrigation
pipes by gravity, with a standby biogas-operated pump for windless days.
A few times a day, a plunger pushes down the floating wastes at the inlet
of the digestibn chémber with an automatic pulley and rope device. So
we have a system that is more or less in perpetual motion, without -using
any external source of energy. -

One relatively expensive item is the provision of plastic containers for
aquaponics, hydroponics and aeroponics, but they should pay for themselves

. within a-year or two because of the increase in crop production. The

problem is to obtaln the loan for the initial capital costs. However, this
should be encouraged because it actually .iexpands' the area of arable land.
Not only does the IFS recycle all: the wastes and residues as fuel,

fertilizer and feed many times..more than what can happen naturally in

the DPS, but it also optimizes‘ production of a much wider range of
high-quality products ~with minimum artiflcial endrgy and energy-related
input, with the ultimate aim of achieving self-sufficlency.

.The [FS also makes more use of the PAR by providing an almost
continuous canopy of plant life that increases photosynthetic activities over
an area that is ef-fectively larger than the surface of the farm itseif,
because of three-dimensional cultivation. By selecting fast-growlng and
high-quality crops, we are also utilizing more of the stored energy in the
nutrients. What is now required is a biogas-opérated pumping device to
remove the m‘ud from the pond bottom daily and spread it over the dikes.
It would be more beneficial for the system as a whole to have the orgznic
content of the pond mud decomposing on [and and releasing the nutrients
to plants than to have this process at rhe pond bottom, releasing gases

thar cause fish stress and intertfere with their healthy growth.
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2.3 Energy Zxchange

An analysis of the [FS energy budget shows a positive socio-economic

as well as ecological balance, because of almost total absence of non-

renewable energy and energy-related input, and M protection of the
physical environment from any pollution because of ,pomplete recycling
of all wastes and residues. The [FS not only creates more employment
for the farm family with relatively modest investment and low operation
costs, but aiso removes the drudgery of most routine work through simple
automation based on the law of gravity. It still makes good use of the
PAR, although more efficiently than the DPS or any other system worldwide,

but more important still, the IFS requires very little artificial energy-related

input to improve productivity. It just provides: optlmum conditions to

enhance the natural processes so that energy exchanges and matertal
recycling, which we are going to analyse now, can be much more efficient.

The table below shows the production on a one-hectare intégrated farm
of 2/3 ponds and 1/3 dikes under the four main categories of operations:
Livestock, Aquacuiture, Agriculture and Industry. We have limited the
items to a minimum in each category, with their yields rounded off, to

simplify the calculations.

3.3.{i) - Livestock

In China, the pigr is used as the standard llvestock with the following
assumptlons that approach average field figures: weight of 100 kg in 6
months, during which time it consumes 250 kg of dry feed and produces
500 kg of wet wastes, The one-hectare integrated farm produces 600 pigs
annually, buying 50 piglets every month while seling or processing 50 plgs
of 100 kg each. A good program of marketing that the farm family can
easily handle is to supply one pig to a butcher and procéss another one

-on the farm or at a cooperative every"weekday.' The livestock provides

the farm family with its daily cash flow, amounting to ¥700 (US$200) @
¥3.50/kg, or ¥210,000 (US$60,000) annually — a substantial sum by any
standard, especially when the feed cost is so low!

The quantity of wastes produced is 300 tons, fepmsentiné 18,000 m®
of biogas or 90,000 kWh (or about 250 kWh/day). This amount is normally
adequate to méet the energy needs of a one-hectare farm for farming
and industrial purposes, but it can be increased by 50% or more, if required,
by feeding the algae from the primarj algae tank into the digester every
day, and keeping the liquid temperature between 35° and 40°C with a solar
heater in the tropics. The addition of the algae to the digester increases
the carbon content considerably, but also a  smaller amount of nitrogen.
In any case, the carbon/nitrogen ratio is increased providing better conditions
for biogas production and reduction of solids and COD i2/. However, if
there is sufficient biogas to meet all the needs on the farm, it is better
to use the aigae as high-protein livestock feed, instead of letting the excess
biogas escape into the atmosphere. '
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(a)Underlined items - Available

ANNUAL PRODUCTION PER HECTARE OF INTEGRATED FAFRM
(2/3 Ponds & 1/3 Dikes)

o Jle -

(b) 2 - Quantity as required

Pilot | vaj“f{' Wes to c:m/»’rm 1ese /?Wa Wit Ao becariae %

ORLRATIONS INPUT FROM P. QUTPUT USES S. OUTPUT USES T. QUTPUT USES Q. OUTPUT USES Ty
I
LTVESTOCK ' » il AT
300 pigs 75t feed TRDUSTRY 0t stock Market $ [150t wastes Digester Biogas Direct .as’,cm kuh Equipment Industry
300 pigs 75t feed INDUSTRY 3t stock Industry 20t goods Market $ ? Buy feed |Micr. Proc. ? Feeds - Livestock
600 piglets] External ) 10t offals | Processing |Concentrates|Formulation | 5t Conc, - Livestock
150t wastes | Digester | Biogas Indirect |%S,000 kih | Machinery |+Industry
4t algae | Substrate Add fungi |micr. Proc. |Concentrates|Formulation | 2t Conc, - Livestock
AQUACUL TURE '
Carps 20t feed |AQUACIATURE gt fish Raw Mat, - Processing |Concentrates|Formulation 4t Conc. - Livestock
Fish fry . External 40t wastes |Pond bottom [Organic Mat.] Fertilizer Pond mud On dikes Bact. Act. Nutrients |Agriculture
Fish wastes | Mutrients |10t Organism| Fish feed Minerals Fertilizer |[Agquaculture
Prauwns Bt feed AQUACULTURE 1t prawns Market $ 12t wastes (Pond bottom |Organic Mat.| On dikes Bact. Act. Nutrients |Agricullure
Prawn fry External 1t prauns Industry |O.5t Fr. od, " Market § |0.5t Resid. | Processing 0.5t Conc. - Livestock
Algae Basins sun/alr P.A.R. 10t iig‘ae Fish feed Oxygen Mineralizat.| WNutrients | Fertilizer - - Aquaculture
Seeds IN SYSTEM Nitrogen Protein
PhiyLoplankton sun/air P.A.R, 3¢ planktori | Fish feed Oxygen Minerallzat.| MWNutrients | Fertilizer - - Aquaculture
Seeds IN SYSTEM Nitrogen Protein
Grass/Ipomosa sun/air P.AR. 5t grass Fish feed 5t uwastes Fish feed |Fish wastes |Pond bottom jMineralizet.| HNutrients |Agriculture
Seeds IN SYSTEM 5t greens | Substrate Add fungi |Micr. Proc. Ensilage |Formulation 1t Feeds - Livestock
floating Plants sun/air P.AGR, EDDt plgnts Substrate #dd fungi jMicr. Proc. Ensilage |Formulation | 40t Feeda - Livestock
Seedy, IN SYSTEM Nitrogen Protein ,
Submerged Plants sun/air P.A.R. 10t plants | Substrate Add fungi |Micr. Proc. Ensilage |Formulation 2t Feeds - Livestock
Seeds IN SYSTEM Oxygen Mineralizat.
Aquaponic tubers Seeds External 20t tubers | Substrate Add fungi micr. Proc. Ensilage |Formulation 5t Feeds - Livestock
Irrigation |AQUACULTURE Demineraliz.
Nutrients |AQUACULTURE JFertilizat. .
. hquaponic beans Seeds ‘External | 10t beans | Processing | 2t 0i1 Market $§ | ? Buy Feed |Micr. Proc. ? Foeds - Livestock
Inoculants | External ' ot Resid, | Processing | 4t Conc. - - - Livestock
Irrigation |AQUACULTURE |Demineraliz. :
Nutrients [ADUACILTURE {Fertilizat,

0,:.,.,,‘,.4 , ey
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ANNUAL PRODUCTION PER HECTARE OF INVTEGRATED fARM {cont.)

OPERATIONS INPUT FROM P, OUTPUT USES S. UTEUT USES T. OUTPUT USES Q. QUTPUT USES 10
ALRTCUL TURE ' A
Leucuena trees Irrigation |AQUACULTURE it feed Raw Mat, Add fungl |Micr, Proc. Ensllage |Formulation | 0.5t Feeds - Livestock
Sesds IN SYSTEM Nitrogen | Fertilizer - - - - Fruit Trees
Fruit trees Irrigation [AQUACULTURE 1t fruits Market $ ? Buy Feed [Micr. Proc. Ensilage |Formulation 7 Feeds - Liuestock
Fertilizer |OTHER CROPS 1t Lesves |Micr. Proc, | Ensilege |Formulation | 0.5t Feeds - Livestock
(Aercponic beans Seeds External | 5t beans) | Processing | 1t 0il Market § | 7 Buy Feed |Micr. Proc. | 7 Feeds - Livestock
{Hydroponic beans Seads External 1t beans) 5t Resid. | Processing 2t Conc, ) - - - Livestock
Irrigation |AQUACULTURE |Oemineraliz. Nitrogen Protein
Nutrients JAQUACULTURE |Fertilizat., '
(Wingbeans Seeds External 1t foods) | Processing | 2t Flour Market $ Buy Feed |Micr. Proc. ? Feeds Livestock
(Groundnuts Seeds External 5t nuts) 4t Resid, | Processing 2t Conc, - - - Livestock
Irrigation |AQUACLLTURE jDemineraliz, Nitrogen Fertilizer - - - - Fruit Trees
Nutrients JAQUACULTURE |Fertilizat.
(Azolla Farm stock mmrmt 10t azolla}) __Raw Mat, Add fungl jMicr. Proc. Ensilage |Formulation St Feeds - Livestock
(Rce Seeds External 3t rice ) " " " " " 3t Feads - Livestock
Irrigation |AQUACULTURE (Demineraliz.
Nutrients AZOLLA Nitrogen Fertilizer - - - - - - Rice
(Corn Seads External 1t corn) Raw Mat. Add fungi |Micr. Proc. Ensilage |Formulation 0'._5t. Feeds - Livestack
{Centrosema vine Seeds External 2t vine}) " " " " " 0,5t feeds - Livestock
Irri.g?tim AQUACULTURE '}an.l.nataliz.
Nutrigets |AQUACLLTURE |Fertilizat.
Leafy Vegetables Sgeds External Bt _Veges Morket $ Buy Feed |Micr. Proc. Ensilage |Formulation 7 Feeds - Livestock
Irrigetion |AQUACULTURE 8t Resid. | Substrate Add fungl |Micr. Proc. Ensilage |Formulation 2t Feeds - Livestock
INOUSTRY (utiliz exclusively BIOGAS energy from the system) -
Small Goods 300 pigs | LIVESTOCK | 20t Goods | Market $ | 10t offals | SEe ABOVE | !
0il | Besns/tiuts |AGRICULFTURE | 3t 0i) | Merket $ | Residues |Concentrates| SeE msove | - - - Livestock
Flour |Beans/tubers|AGRICULTURE | 2t Flour | Merkgt $ | Residues |Concentrates| See Asove |
Micro-organisms Microbes IN SYSTEM |High-Protein Palatable Metabolize Natural
& External Feeds to Livestock Efficlently Preservation




The effluent still contains ail the original nutrients in the wastes,
en.hanced by the nitrogen and carbon dioxide fixed by the algae not only
in the primary tank, but in the secondary and tertiar.y basins as well.
‘What is r-ﬁore important is that at least 90% of the nutrients are readily
available for use as fertilizer when the effluent enters the fish ponds,
without any organic poilution. The nutrients are again increased by the
plant and fish life in the ponds through photosynthetic and planktonic
activities. Crops are grown in the ponds and on the dikes so that the
nutrients are used up in the proportion of 2/3 and 1/3 respectively.

Moreover, because of the long retention period in both the digester
and algae units, no pathogenic organisms can survive. This is a very
important factor in China because the people make no difference _between
human and animal wastes -- they all end up in the digester, and receive
more effective treatment than in the expensive sewage treatment plants
in the rich countries, where the hydraulic retention time is in hours instead
of weeks, which is the case with the IFS. |

3.3.(ii} - Aquaculture

As already explained, the algae basins do not only treat the wastes
aerobicaily to prevent fish kill in the ponds, but they also produce the
phytoplankton for the fish more efficiently — 4 tons annually in 2 basins
of 100 m* each. The great depth of the pond, 3 meters instead of the
usual 1 meter, and the small amount of organic matter entering the pond
also provide a balanced ecosystem, and the ingenious choice of several
compatible species of carps, in sufficilent numbers in order to consume
nearly all the plankton, invertebrates and bacteria over the whole depth,
keeps the pond rglat_lvely healthy. The addition of the wind or photovoltaic
pumps in the IFS accelerates the sluggish escape of 'toxic' gases from
tt_1e pond bottom, besides aerating any :deoxygenated water, and can only
enhance the environment for the fish to grow without stress or disease.
It will be almost perfect when we can lift the pond mud with a special
pump and spread it over the dikes evéry day.

Since it takes 20 tons of feed to produce 8 tons of fish, and 8. tons
of feed to produce 2 tons of prawns in our IFS ponds every year, and we
do not add any artificial feed at ail, the system is producing the 23 tons
of high-quality feeds: 14 tons of' algae in the tank and basins, 3 tons of
phytoplankton and 10 tons of various organisms In the ponds, and 5 tons
of grass (20% dry) grown at the edges of the ponds. The wastes produced
by the flsh and prawns amount to 32 tons a year, and are mineralized
naturally In the ponds while producing the 10 tons of organisms (protozoa,
benthos, invert-ebrates and bacteria) annually as natural fish feeds. Some
of these minerals are used by. the aquatic plants (5 tons of greens, 200
tons of floating plants and 10 tons of submerged plants) and the aquaponic
culture {20 tons of tubers and 10 tons of beans), and the remainder by

the terrestrial plants as described under "Agriculture" beiow.
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Input from outside is, limited to fish and prawn fry, seeds and nodule
_ bacteria inoculants, so there are big savings on fertilizers while the yields
increase, -because we have converted pollutants into useful nutrients for
" the fish, prawns and plants. The prolific growth of aquatic plants also
removes a considerable amount of the minerals from thie ponds, preventing
them from causing eutrophication problems elsewhere, but they contain
about 90% water. As livestock feed, they are not efficient because the
high mineral content makes the animals refuse to eat large quantitles of
them, so they do not contribute much to growth. Hoﬁrever, they make
a good substrate for microbial processing, uslng natural micro-organisms
such as fungl 13/ to increase the protein content and improve metabollsm
in the llvestock, which then grow well without consuming much, and produce
good lean meat.

3.3.(iii) - Agriculture .

The dike area is relat'ively small, but we increase the cuitivation surface
by growing up to 3 meters high on the .special plastic towers and
trellisworks, We irrigate and fertilize as often as the plants need for
optimum growth, because we always have water and fertilizer available
wlithin the system, Input from outside is limited -to deficient trace
elements, seeds and nodule bacteria inoculants, again making big savings
on fertilizers while the yields increase considerably. o
. The row of leucaena and frult trees not only -act as wind breaker but
also provides 2 tons of feeds {leaves for microbial processing and paods)
and | ton of fruits annually. Next to the trees, wingbeans are grown using
the trees as poles to climb up to 4 meters or more, producing'l ton of
beans, tubers and edible leaves. Between the trees, groundnuts are grown.
The leucaena trees and the legumes fix nitrogen into the soil for the fruit
trees to use. On the edges of the &ikes, 5 tons of various bean vines
are grown In the aeroponic towers and jsupported on trellisworks. Between
the towers, 1 ton of soya or mﬁﬁ‘g beans are grown in suspended hydroponic
~ troughs, with groundnuts grown below. The total yield of groundnuts is
S tons. ‘

3.3.{iv} - Indusiry _

The Industrial activities are llmited to processing of the farm produce
to obtain non-perishable and high-value foods and goods, with the residues
used as livestock feed, with or without further processing. Haif the animals
are slaughtered on the farm or at a cooperative and pr&cessed into ham,
Chinese bacon, Chinese sausage, and other smoked, dried, salted or frozen
goods, with the residues processed into concentrates. The fish are totally
converted into fish meal. The prawns are either sold iive or fresh, after
polishing in a separate pond for a few days, or frozen (headless or shelled),
and the residues mixed with the fish meal. The beans and nuts are pressed
for oil, ground into high-protein flour, and made into snacks or f{ermented

products, with the residues made into concentrates.



Operations

Aeroponics
Beans/Nuts
Biogas power
Equipment /Labour
Net Profit/Loss

Paddy Fields
Azola

Rice

Biogas power
Equipment/Labour
Net Profit/Loss

Upland Crops
Corn/Vine
Vegetables
Biogas power
Equipment /Labour
Net Profit/Loss

Industry 1.
Pig/Animals
Poultry/Other
Biogas power
Equipment/Labour
Net Profit/Loss

Industry 2.
Beans

Biogas power
Equipment /Labour
Net Profit/Loss

Industry 3
Nuts/Beans
Biogas power
BEquipment /Labour
Net Profit/Loss

Integrated Farming System

Income
4900

4900

800
900

1700

250
4600

4850

40000
2500

42g00
7500
7;00
4500

4500

500
2000
2500

100

200

500

800

150

200
1200
1550
1100

3900
5000
300
1100
1400
300
300
600

Expenses Recycled Profit

- 4400
800 -800
400 -2400

1200 1200

- 700

- 700
300 -300
600 -1100
900 0

- 100

- 4400
200 -200
800 -2000

1000 2300
30000 8900
- 2500
2000 -2000
1500 -5400
33500 4000
3600 3600
900 -900
600 -1700
5100 1000
1500 2700
900 -900
500 -800
2900 1000

All figures in $USD.
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These thigh-value goods are sold and the money wused to purchase
inexpensive whole grains for processing into oil or flour, and feed materials
such bean and nut meals, bran and pollard. The feed n'laterials, together
with the érop and processing residues, cereals, tubers, vegetables and aquatic
plants are all processed by micro-organisms to increase the protein content
and transfon;rn them into more palatable and easily digestibie feeds for
livestock. The main objective is to produce as much high-quality feed
as possible for the livestock, which is the mainstay of the IFS economy.
Normally the pig feed represents up to 70% of the production costs, and
all savings on this item are net profit.

3.4. Energy Evaluation

There is no doubt that with better structure, management and technglogy,
the IFS is making more and better use of the PAR, the stored energy,
and the resources recovery than in the DPS or its 'modern' version, because
of the negligible artificial energy input. In the following table, wle- compare
the inputs and outputs, and the conversion rates of the DPS, the 'modern’
DPS, and the IFS to show the latter's higher energy efficiency besides
the fabulous monetary returns from all the integrated farming operations.

It is hoped that the figures will convince all those skeptical academics

and research scholars, agriculturists and technologists, economists and

_ sociologists, and farmers from both the developed and developing worlds

that we do not need to perpetuate the wasteful development strategies

of the so-called modern world that is now heading toward a real disaster.

We just cannot afford to waste our resources any longer because their

supply is limited on this earth, and more people want a fair share of what

Mother Nature has to give to all her children, and not just a 'chosen' few.
3.5. Future of the IFS

. The Integrated Farming System offers a whole world of opportunities

to our young generation in animal husbandry, now limited to only a few

species, often inappropriate, dictatéd by some countries; aquatic life, in
our lakes, rivers, lagoons and coastal waters that are producing practically

nothing on such vast areas of our small planet; plant industry, with such

a huge variety of high-quallty foods that are neglected because of ignorance
or they are only found in traditional diets in their indigenous areas; and
food processing industry, for preservation and added vaiue instead of the

present wastage due to cultural, social or other constraints,

Last but not least, the computer enthusiasts can have a field day with
the energy exchanges and materials cycles to Improve efficiency and
optimize productivity in all the inter-related activities of the IFS.

4 Bon €Entendeur, Saluli !

G. L. Cham, DIC BSc{Eng) Guangzhou Institute of Geography
Envirorment Consultant © GUANGDONG ACACEMY OF SCIENCES
¥isiting Professor 100 Xianiie Joad, Guangzhgu
June 7388 People's Repuolic of Chima
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1: CALCULATION OF IMPUT/OUTPUT Appendix 1 c.
Integrated Farming Systems
I P g T U5 5 J Yy T o oy T Profit
item | Quantity | Internal | External Ttem | Quantity | value |Remarks
LIVESTOCK ~ Pigs :
Piglets 600 - 12,000 Pigs (mkt) ot 36,000 sale
Materials vee - 1,800 Pigs (fac) Iot= 36,000 pracess.
Feods (int.) .80t | 15,000+ - | wastes (g} 300t # 3,000 biogas#
Feeds (ext:}| "~ 106t~ ] = - | 30,000 ‘|["Algae Con.'| ~ 2t+'| ~ 800 [ pig feed
Power 8, 000w+ 800u -
Eq-'iwt A EE SR (L O “,DUD
LabeE,. . . ..} 1,0000e | 1,000} . - |
Dr'-gs [ XX ] - 700
L 8,000W+ | 16,800 48,500 || . - -
Sub~total -} +1,000h+ | 15;008+-] 65,300 2t+ | 75,800 | $10,500p
AQUACILTURE - Fish & Prawns »
Fish fry 30m - &00 Fish Bt+ 3,000 fead
Faeds {phy) . 20t 1,000 - Prawn (mkt) it 8,000 sale
Prawn fry 200m - 2,000
Feeds (phy) - Bt 800 - Plank. (fi) 10t"+ 1,000"+| fish/pr.
Matsrials ves - 1,000 Plank. {pr) It 300"s; feed
Pouer 6,000W+ 600 - Algae (p) 10t S00"+| fish/pr.
Equipment aes - 1,000 Phytoplank. A 150" | feed
Labor 1,000h+ 1,000 -
Orugs sss - 450
14,0000+ 3,400 5,050 26"+ 1,350%
Sub-total 2,000h+ { 15,000+ 8,450 8t+ 12,550 84,5000
Aguatic Plants
Seeds (agua) Tt - S0 ‘Grass {fi) 2" 150"+ fi, feed
Materials erw - 100 Green Con. 1t+ 400 pig feed
Power 4, 0006+ 400K - Plant Con. 10t+ 1,000 pig feed
Labor 1,000h+ 1,000 - A. plants | eotd 3,000 | biogas}
18,000k 1,400 350 28"+ 2,100"+ ’
Sub-total_ 3,0000 | 15,000+ 1,750 19ts | 4,750 | $3,0000
Aguaponics .
Seeds . (tub) 100k - 10P Tuber Con. 3t 1,500 pig feed
. Mamials LL Y] - S‘D '
Power &5 D00k 400 -
Equipment sse - S00
Labor 4000+ 400 -
Trace alem. see - - 20
. 22,0000+ 800 700
E‘tota_l ) 3,% 15|m 1 .5!]3 2_2t+ 1 ,500 -O'L
(cont) : , _
Seeds (bean) 100% - 100 Beans k1A 1,800 orocess.
I‘hterials *rew - m i Crw Coﬂ. & 9]3 pig fﬂ.d
Power 4,000u+ 4008 - )
Ecuipment .es - 700
Labor . 1,000+ 1,000 -
Tl'.‘aCl ela'h - - % - @
25, 0000 1,400 1,200
Sub-total 4,4000 1 15,000+ 2,800 2% 2,600 =00
AGRICULTURE - Trees .
Seedlings 1. Sk - 2 Fesds (1) 0.5t+ 100 pig feed
Seedlings f. 100k - 100 Feeds (f) Q.5t+ | . 100 | pig feed
Materials vee - S0 Fruits 1t 1,000 | buy feed
Power 4,000u+ 4C0w -
Equipment roe -
Labor 20Ch+ <C0 -
. Tracz zlem. = 20
30, GO0+ (=150 500
Sup-tonai b 4,800h+ | 15,060+ 1,200 2St+ 1.200 ~J-0

d+ Cumulative powsr in kuh from wind energy
h+ Cumulative wages paid by system
4+ Ccumulative value of system-resources, excluding wind power

+ or " Cumulative feed production in system
* gr ** For processing industry
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Appendix 1 c.
I N P YU T Us £ 7o T 8 7 } Srafie
Itam: | Quantity [ Internal | Zxtermal | | Zuantity | value IRemarks
AGRICULTURE (cont) - Aercponics
Seeds (bean)|. 100k - 200 Beans Ipxx 1,800 orocess.
Seeds (nut) 100k - 100 Nuts/beans It* 1,500 grocess.
terials ses - 200 Croo Con, it 1,600 pig faed
Biogas power| 8,000K+ g00+ - -
Equipment. b —aw S 19300
Labor © 4Q0he au0 -
Trace elsm. sea - ...200
S - | e,000ke | 1,200 2,500 -
- Sub-tobal "I 5;000h] 15,800+ 3,700 _20t+ | 4,300 | $1,2008
- Paddy . . e T . :
- Azolla (s " R Sg || Feeds (az) | 4te [ 000 | pig feed
. Rice ok | - 150 || Feeds (ri) 3t 900 | pig feed
B8iogas power| 3,000K+ 300+ -
Eﬂ.liﬂlﬁnt e - 400
Labor 60Ch+ 600 -
Trace alem. e - 100
11, 000K+ 300 800
Sub~total SQEOg'\-P 169100'5 1 rm Bt 1,700 —0-9
Upland Crops :
Carn 20k - 3Q Faeds (ca) Q.5+ 150 pig feed
Vine 20k - .20 Feeds (vi) 0.5t+ 100 | pig feed
\Usgetables S0k - 100 Vegetables 8t 4,000 buy feed
Materials | ... - 200 || Feeds (va) 2. 600 | pig feed-
Siocgas power| 2,000K+ 200+ -
Equipment see - 1,000
Labor . 800w 800 -
Trace elem. Y Y 200
| 13;000K 1 1,000 1,330 :
Sub-total "] 8,600 | 16,300, | 2,550 3. | 4,850 | $2,3000
Pigs " 30t* | 30,000 - Pork goods S 20t | 40,000 | sala’
© Materials ees J 1= | 1,100 Offal Con, Ste | 2,500. | pig feed
Biogas power| 20,000K+ 2,000+ - . : '
Equipment *ee - 3,000
Labor $y500Hs | 1,500 '
PressTvat. TrS - 900
. 33,000+ | 33,500 5,000
Sub-total 7,900h+ | 18,300+ | 38,500 : aste | 42,500 { $4,0000
Beans Gt*=| 3,600 - 0il 2t 6,000 sale
Materials - 310 ‘|| Bean Con. 3ts 1,500 | pig feed
B8iogas power| 9,000+ 900+ -
Equipment .re - 1,000
Labor 500N+ 600 -
Pressrvat. ves - 100
42, 000K+ 5,100 1,400
Sub-total 28,5000+ | 19,200+ 8,500 4T¢+ 7,500 $1,0000
futs/beans It 1,500 - Flour 2t 3,000 sale
Materials ces < 300 Bsan Cong, 3ts 1,500 pig feed
Bioges power| 9,000K+ 900+ -
El'-!-lim Ly - ZII "
Labor S00h+ s00 -
Preservat. ‘ne - 100
S1,000K+ 2,900 600
Sub-total 9,000h+ | 20,100+ 3,500 S0t 4,200 51,0000
HOUSEHOLD
Biogas oower| 9,000K+ 900+ | - Saviras | 9,000 «uh 3c0_ | domestic
Sub-total | 50,000¢+ | 21.000+ | | |

K+ Cumglacive zower in

System rescurcss value:

Labar wages paid Dy system (31/hr’

Value of BIOGAS power i

521,008

kwh from icgas

s 38,000
$6,000, represencing 20% of system resources

+ Z.muiative feed 2recduces i~ systam s 0t

0h AL

-
oAz

rm———

PROFITS :

TOTAL IVSTEM RESOUECES

527,200
538,200

106



REFERE®YZES

1. Ruddle K., DEng H.Z. & Liang GlZc’ Osaka "- Hult. of N.Noﬂ.Ethna' 11' 1, 323-343, 1986
ENERGY EXCHANGES & ENERGY EFFICIENCY OF HOUSEHOLD PONDS
In the Oike-Pond System of the Zhujlang Delta

2. Bian Y.5., CHINA — Beijlng Municipal Research Institute, 1987
A BRIEF INTRODUCTION TO LIU MING YING ECD-SYSTEM
Experimenta) Eco-Farm for Resmarch & Development

3. Chan G.L., CHINA — (mimeo) 1988
THE PILQOT INTERGATED FAFRM FDR SOUTH CHINA ]
Rural Development for South China & Tropical/Subtroplcal Countries

4, Ruddle K., Furtade J.I., Zhong G.F. & Oeng H.Z., CHINA -- Appl. Geog., 3, 45-52, 1983
THE MULBERRY DIKE - CARP POND RESOURCE SYSTEM OF ZHUJIANG DELTA :
I. Eruvirormantal Context & System Overview

5. Uang Z.Q. et al, CHINA — Tropical Gesography, 6, 1, 1-12, 1986
THE RELATIONSHIP BETWEEN PRODUCTIVITY OF FISH & PLANKTON
In the Dike-Pond System of the Pearl River Delta

5. Deng H.G., Wang Z.Q., Wu H.5. & Liang G.Z., CHINA == (mimen) 1984
THE MALBERRY DIKE - CARP POND RESOURCE SYSTEM OF ZHUJIANG DELTA
iII. Energy Flow and Substance Cycles

m G F-, than GCL.’ ll.lal"; Zoeley W HeSe & Y20 HaY.y CHINA — (mﬂ:’ 1987
n-E INTEGRATED RURAL DEVELOPMENT IN GUANGDONG PROVINCE
Report to Chalrman, Standing Committee, Paopl.a's Congress, Guangdong Province

8. Thong G.F., Deng H.Z., Liang G.Z., Wang Z.Qs & Wy H.S., CHINA — Academia Sinica, 1EIéB
ENERGY FLOW & MATERIAL CYCLES IN THE OIKE-POND SYSTEM OF ZHUTIANG DELTA
Resparch & Development dome at Guangzhou Institute of Geegraphy

9. Bian Y.5., CHINA == Beijing Municipal Research Instituta, 1587
CALCULATION, ANALYSIS & RESEARCH DN INPUT-OUTFUT RATES OF SUPPLEMENTARY ENERGY
U;ilizatiun of Livestock Wastes as Blogas Fuel & Fertllizer on an Eco-Farm

10, Food & Agriculture Organization, Rome — FﬂD- Soils Bulletin 41, 1978
CHINA 5 AZOLLA PROPAGATICN
FAD/UNDE Project on Improving Seoil Fert:.llty through Organic H!cycling

11. Naticnal Academy of Sclencas, USA — BOSTID Report 21, 1975
MAKING AQUATIC WEEQS USEFUL :
Soma Perapectives for Developing Countries

12. Blljetina R., Srivastava V., Chynoweth 0.P. & Hayes T.D., USA — Conf. Paper, 1986
ANAERDBIC DIGESTION OF WATER HYACINTH AND SLUDGE
Researcy & Appncatinns of Aguatic Plents for Water Treatmert & Resource Recouary

13. Naticnal Rcadany of Sciemces, WSA — BDSTID Report 28, 1979
MICROBIAL PROCESSES @
Promising Techrwlogies for Developing Countrias



DIKE-POND

13
=

;%‘*

~ Ay .
%

?

:‘

. - LI "
- I L
) G . '

FISH POLYCULTURE - AQUATIC PLANTS
HYBRID GRASS (FISH FEED)

MULTICROPPING / INTERCROPPING
(FRUITS & VEGETABLES)

MULBERRY (SERICULTURE) ROTATED WITH SUGARCANE



The Dike-Pond System
integrated farming development of livestock, aquaculture and agriculture in a
decentralized and ecologically balanced agrosystem, is a happy medium between
the environmentally disruptive agribusiness of large-scale monoculture practised by
the developed countries and the traditional small-scale shifting agricuiture of “the

Third World. It can become the basic model of economic and ecological

THE DIKE-POND SYSTEM
(Ceorge L. Chan)

INTRODUCTION

in Guangdong Province of South China, which

development in most parts of the worid.

d.

AGRIBUSINESS

Energy Intensive:

Benefits/Problems:

Mechanization {(manufacture, operation)

Fertilizer (fossil-fuel based)

Irrigation (capital cost, operation)

Marketing (transport, preservation,
storage, distribution)

High output but deficit energy balance

Wastage of water; Depletion of resources

Soil erosion; Surface runoff; Pollution
Salinization; Land degradation

HIGH PROFIT AT EXPENSE OF ENVIRONMENT

b. SHIFTING AGRICULTURE

3

Traditional Farming:

Benefits/Problems:

Deforestation for firewood and gardening
Sfash and burn for crops with no tilling
Overgrazing by moving livestock

No irrigation or fertilization

Low output but no input except labor/
draft animals

Destruction of forests & wildiife habitat

Depletion of soil; Soil erosion

Downgrading of land with useless brush

Wastage or non-utilization of natural

resources
DEPENDENCY ON NATURE FOR SUBSISTENCE

c. INTEGRATED FARMING

Ecological Farming:

Benefits/Problems:

Full utilization of human/natural resources

Opumization of - labor & natural processes

On-site production of fuel, fertilizer and
feed through complete recycling of all
wastes and residues

High output with minimum external input
s Sustainable and ecologically balanced
production of livestock, aquaculture
and agriculture products while
enhancing the environment
Too much reliance on traditional methods
FURTHER IMPROVEMENT THROUGH SCIENTIFIC
INNOVATIONS & APPROPRIATE TECHNOLOGY



. EXISTING DIKE-POND SYSTEM

The Dike-Pond System is based on every household becoming a self-reliant
production unit of fuel, feed and fertilizer relevant to its chosen activities in the
community, and relies on a series of symbiotic interactions aimed at a self-
sustaining ecosystem using all locally available resources. In addition, it can
have agro-industry at household or community level with minimum input from
outside. This system has been practised by all farmers during the past four
centuries involving 1.2 million people over 3800 square kxiometres in the Pearl

River Delta of Guangdong in South-East China.

l. LIVESTOCK

- Crop and processing residues are fed to livestock, and livestock manure is used
as fertilizer in the fish ponds.

- Livestock consists of pigs, goats, water buffaloes, chickens, ducks, geese,
pigeons, quails, rabbits, silkworms and bees '

2. AQUACULTURE

- Polyculture in deep fish ponds enables various layers of different species of fish
to consume specific feeds (phytoplankton, zooplankton, benthos, molluscs, bacteria,
detritus, feces) present or growing naturally in the manure-fertilized water.

- Species of fish include mainly silver carp, bighead, common carp, grass carp,
black carp and mud carp.

- The only additional feed is elephant grass grown on the banks of the fish
ponds. Some small shallow ponds are also used to grow water hyacinth, water
lettuce, lake lotus, azolla and various duckweeds as hvestock or hsh feed.

- Some water chestnut and lotus are grown on the surface oi the ponds as
gourmet food.

3. AGRICULTURE

- Various vegetables are grown on the dikes between the ponds all the year
round, with ample water, fertilizer, sunshine and warmth. - .

- Mulberry is also a very important crop for the Iong-establisﬁed silk industry. [t
is rotated with sugarcane every five years for pest and disease control.

- The dikes are fertilized with nutrient-rich mud removed from the bottom of
tish ponds three times a year. No chemical fertilizer is used in the traditional
system. ‘

- There is no expensive drainage, waste disposal or irrigation system, as the
ponds act as effective stormwater drains, efficient sewage treatment plants, and
more than adequate water storage for irrigation. Both aquatic and land crops
remove minerals from the water, controlling eutrophication.

- There is no loss of soil or nutrient, as everything is recycled in a ciosed
system, Water losses are limited to evaporation and transpiration, and recharge
i1s from the aquifer ard rain.



- Human labor and water buffalo power, working in harmony with nature in an
enhanced environment, have enabled a wide region with past history of flooding
and waterlogging to become the world’s most efficient farming community in
terms of produce diversity, productivity, operation costs and energy balance.

NOTE: The traditional farm with the Dike-Pond System is completely self-reliant
and provides the farm family with a balanced diet and a substantial surplus for
the market, without spending any money on fuel, feed and fertilizer. However,
in the areas adjacent to towns, where no farming is done but there are additional
resources in the form of nightsoil, food remains and processing residues, the
integrated farms have access to them and recycle them as fertilizer and feed to
produce more livestock, fish and crops to meet the food needs of the town
people. This is a unique situation where there is interaction and interdependency
between the urban center and the ‘surrounding rural areas, thus making a closely
knitted community that economically and ecologically solves its food, fuel,
fertilizer, and waste disposal problems with minimum input from outside.

i, PROPOSED INTEGRATED SYSTEM

-- The existing Dike-Pond System has relied mainly on farming practices based
upon the empirical wisdom of many generations of local farmers until a decade
or so ago, when a few dedicated Chinese scientists and technologists started to
investigate some of the scientific bases for system integration.

- Moreover, many outside institutions have done research work on similar systems
because of increasing concerns about their acute problems of environmental
degradation and depletion of non-renewable resources, but their useful results
were not applicable to their social or cultural environment and their reports just
remained on the shelves. Some of them even became interested in the Chinese
integrated systems and have started to apply their research and development

findings in China. o

- More recently, after the "responsibility system" was introduced in the Chinese
larming communities, a UNU survey found out that only 35-50% of the labor
force was required in the dike-pond systein of the household unit, and many men
and women had to look for other work outside the farms. It was recommended
‘that modern science and technology should be ‘used to increase the activities of
the existing system and its economic rate of return, so as to make it worth
while for the surplus labor to remain on the farms.

- It is now proposed to expand the Dike-Pond System and optimize the
productivity through introduction of scientific innovations and sound technology
already developed 1n China and abroad, as China should not waste time or money
on pure research that is already available, but still maintaining the vital land-
water interactions in accordance with the traditional self-reliant and ecological
principles.

- The proposed Integrated Farming System (IFS) converts LIVESTOCK and
AGRICULTURE into a three-dimensional operation, which has already been
achieved in AQUACULTURE, with at least two kinds of fish living in each of
three distinct levels. It also produces the maximum amount of biogas energy
within the system for its operation and industrial activities, utilizing renewable
energy such as other biomass conversion, hydro, solar and wind, if necessary.

- It should be noted that some mechanization already exists in the farms closer
to urban areas, and the tendency is to use some locally-produced feed, chemical
tfertilizer and even pesticide, This problem can be controlled if emphasis is put
on the use of wind and hydro to generate electricity for towns and factories,
methane and ethanol for vehicle operation, and plant material for the
manufacture of comrmercial fertilizer and pesticide.



I. LIVESTOCK

- The number of livestock in the existing system is limited by the available feed
from crop and processing residues, and the natural capability of the ponds to
ireat the wastes effectively in order to prevent fish kill caused by oxygen
depletion.

- With a more efficient waste treatment system consisting of upflow digesters
and deep algae tanks before the effluent is allowed to enter the polyculture
ponds, the number of livestock will be increased ten-fold to start with, and more
as husbandry and waste treatment improve beyond present levels.

- For the three-dimensional operation, the livestock will be housed on three
levels:

a. Ground - Pig, Goat, Deer, Buffalo, (Minicattle)
Sitkworms
b. Window - Chicken, Rabbit, Snake, (Pangolin)

Duck, Goose
c. Ceiling - Pigeon, Quail, Bee

Where there is the danger of disease propagation, as in the case of chicken and
pig, there should be complete isolation of the two species within the animal
house.

- A new livestock will only be introduced if its wastes can provide the fuel and
fertilizer required to produce its feed within the system.

- Crop residues containing lignocellulose, such as corn cob and rice or wheat
straw, will be made more digestible by treatment with cheap alkalis to provide
an abundant and palatable feed for livestock.

2, AQUACULTURE

- Besides the kinds of carps that have been cultured for centuries, new species
of {fish and shellfish will be introduced, provided that the newcomer is not a
predator and does not compete for feed with the others, unless it brings in a
higher economic rate of return than L.e carp it replaces.

- Preference will be given to {ish and shellfish that feed at the lowest trophic
levels in order to consume all the aquatic lile in the ecosystem.

- The three levels of fish and shellfish are as follows:

a. Top - Grass carp {macrophytes, grass)
- Common Carp (feces, benthos)
- Tilapia (omnivore)

b. Middle - Silver Carp (fine algae)
- Bighead {(protozoa, coarse algae)
- Tilapia (omnivore)
- Crayfish (macrophytes)

c. Bottom - Black Carp (molluscs)
- Mud Carp (detritus)
- Common Carp (benthos)
- Prawns (benthos, bacteria)



- Present depth of 3 metres will be increased to provide more space for possible
newcomers, with the bottom water brought up to the surface for aeration using
windpump, photovoltaic, or submersible pump connected to a biogas-operated
generator. :

- Various kinds of grass and aquatic plants will be grown as feed for the fish and
shellfish ~- see AGRICULTURE below. Suitable greenhouses will also be tried for
use in colder climates. y

3. AGRICULTURE

- Besides present practices of crop rotation, companion planting, intercropping
and multicropping for pest control and high productivity, which will be expanded,
and the growing of crops over and under water, on the ground, over and under
ground, there will be much emphasis on growing of crops in special containers
using mineralized water. Hydroponics is ajready well known, but there is a new
technology using containers that allow plants to be grown horizontally along its
sides, and can be stacked vertically to the suitable heights. There are two
combinations:

i. Aquaponics - The special containers are in a trough that floats
on the pond surface, and are stacked to a height of
of one metre to grow suitable vegetables, fruits,
vines and flowers, using capillary tubes to draw
water automatically from the pond to irrigate and
fertilize the crops.

il. Aeroponics - The special containers are stacked on the ground
' to a height of 2-3 metres to grow vegetables, fruits
vines and flowers, using windpower or photovoltaic
to pump pond water for irrigation and fertilization.
Missing trace elements will be added for the plants
concerned. '

- The various crops are as follows:

a. Over Water - Water hyacinth, Water lettuce, Water cabbage
- Lake lotus, Azolla, Duckweeds
- Water chestnut, Lotus root & seed
- Watercress, Taro Jeaves (shallow)
- lpomoea aquatica (edges)
- Elephant grass (banks)

b. Under Water - Algae (spirulinaj
- Kelps (giant ones)

c. Above Water - Vegetables, Fruits, Vines, Flowers
(traditional and aquaponics)

d. On the Ground - Rice, Taro {in shallow water)
- Pumpkin, Melon, Gourd

- e. Over Ground - Leaf, Fruit, Vine
+ v~ Grain, Seed, Nut
- Napier grass, Mulberry, Sugarcane
- Bamboo, Leucaena, Fruit trees

f. Above Ground Vegetables, Fruits, Vines, Flowers

{drip irrigation, hydroponics & aeroponics)



- The free and adequate supplies of feed and energy on the farm for proper
animal husbandry encourages the production unit to increase its livestock for
maximum profit, without the pollution problems caused by an enormous amount of
wastes because of the most efficient treatment based upon sound and appropriate
technology to convert them into useful byproducts of fuel and fertilizer.

- The free and constant sources of water and properly treated wastes at the very
spot where they are needed, together with biomass propagating naturally with its
checks and balances in an ecologically balanced system, and the efficient
utilization of this biomass as feed by various compatible species of edible and
popular fish -- all is conducive to optimum productivity at minimum cost and
maximum profit from the polyculture system.

- The free and readily available supplies of water and nutrients to grow crops in
@ warm climate on a year-round basis, and the wisdom of practising polyculture
on land to duplicate the success already achieved in water for centuries, provide
a big variety of agricultural, horticultural and forestry products for both trade
and industry.

- This integrated Dike-Pond system has brought meaningful social and economic
development to the rural communities of South-East China. [t is rapidly
expanding to many other parts of China, and will be improved in the IFS. The
only limitation is the weather. In the colder areas, the greenhouse can become a
viable and economic proposition for the Integrated farming System.

- The Chinese success in rural development is a miracle, and has nothing to do
with ideology, colonization or foreign aid. It evolved long before the “foreign”
Manchu rule and survived foreign occupation, civil war, isolation from the rest of
the world, and the present communist government. The most important factor is
that the rural communities understood their own problems and their priorities,
just like rurat populations do all over the world, but the Chinese did not leave
the solutions to the urban people in the local or foreign government who were
usually ignorant of the rural problems.

- The Chinese farmers had never depended on the government to do much for
them. To survive, they had to be concerned with the basic needs of everyday
life and the cruel realities of their precarious situation. They wanted quick but
effective solutions that could be obtained locally at low costs in every aspect:
social, cultural, economic and environmental. -

- Above all, they were motivated, and knew that they could only reach their
goals through self-reliance and discipline, hardwork and perseverance -- and they
did it! o

PERSONAL NOTE

I saw the Dike-Pond System for the first time in January 1986, exactly a .year
ago. | had been to the Pearl River Delta area two and a half years earlier and
had been back twice with my eldest son and then my younger brother and his
family. Every time, we behaved like a real WOC (Westernised Overseas Chinese)
who had come to the ancestral village fer a quick look-see, never thinking that
the village folks had anyrhing to teach the University of London graduates.

I was very humble when Professor Zhong, Academia Sinica, with whom ] am
nowworking on the Integrated Farming Project, showed me the Dike-Pond System
in the County of Shunde in the Pear] River Delta, with my ancestral viliage bang
in the middie of it!



- One thing that strikes the visitor to the Dike-Pond System in the Pearl River
Delta is the absence of tall trees on the dike itself. To start with, one row of
fast-growing Leucaena leucocephala will be planted along the centre of every
dike. The leaves and pods of this tree will provide high protem feed to both
livestock and {ish, besides fixing nitrogen into the soil.

- Drip irrigation, using cheap plastic pipes to get the pond water to the roots of
trees and other suitable plants, will prevent wastage of valuable mineralized
water from the pond.

- A most important feature in the whole IFS design is to have a series of
automatic operations that relies on gravity overflow in order to reduce labor and
puinping reguirements. S0 we should have the waste water from livestock to
llow by gravity into the digester, with the elfluent overflowing into the algae
tank; and the same overflow sys:em works from algae tank to fish pond.
Pumping will only be required to lift the pond water to a small overhead tank to
supply water to the drip irrigation and aeroponics systems, and to lift water from
the bottom of the {ish pond to aerate it, using renewable energy.

- Multicropping, which allows two compatible seeds of leafy vegetables to be
broadcast at the same time, with one crop harvested four weeks later and the
other after another three or four weeks, can produce up to 10 crops of popular
vegetlables a year. This will ensure that all nutrients from the pond water will
be utilized profitably instead of causing eutrophication in the waterways.

4. AGRO-INDUSTRY

- Produce from the Integrated Farming System will be processed as much as
pussible for added value and creation of new employment, besides having the
valuable processing residues as livestock or fish feed.

- The processes involved will make maximum use of the sun, air, salt, sugar,
vinegar, smoke, yeast, and other beneficial organisms.

- The processed goods will include flour, sauce, condiment, and a variety of
dried, salted, sugared, pickled, smoked, fermented, bottled and canned vegetables,
fruits, grains, meat, poultry and fish products.

- Fuel for the agro-industry will come mainly from biogas, which is produced by
anaerobic digestion of all livestock wastes in a properly designed upflow digester
unit. The design shown is made of steel, but it can also be made in smaller
modules that can be mass produced in fibreglass, and connected in series to the
capacity required.

- Additional stockfeed for the digester unit will come from algae and other
easily digestible biomass mixed with sludge that will be constantly recycled.

W.COMMENTS

in the IFS, there is a very close and symbiotic relationship between animal
husbandry, fish culture and agriculture, which is an ecological and economic
balance between the high output but unnatural monoculture system and the low
output but natural subsistence farming. Nothing should be introduced in the
proposed IFS to upset the ecological system or reduce the economic rate of
return, and the main objective should be to optimize productivity through
improvement of overall efficiency while protecting the environment for
sustainable development. No scientific or techneological innovation is worth the
disruption of this time-tested eco-development system.



(No. 1) IN NANHA] OOUNTY

ZHONG G.F., CHAN G.,L.,, WANG Z.Q., & YAO H.Y.

INTRODUCT TON

The Integrated Dike-Pond system has been operating for
over 400 years in the Pearl River Delta of Guangdong
Province, China -- see map -- and has survived all the
political and social upheavals in China during that long
period, It is also practised over a wide -area of over
800 square kilometers, and on a big scale involving 1.2
million people (Photo 1).

In the proposed Integrated Farming System project of Guang-
zhou Institute of Geography (1), which will involve the
expansfion of this Dike-Pond system Into an Integrated
Livestock- Aquaculture-Agriculture-Industry one, the present
authors are collecting basic data on the three main fleld
stations chosen for that project. This paper deals with
one of them:; LU LINXIN farm in Nanhai County. Two subse-
‘quent papers will deal with a government farm and a coopera-
tive enterprise In Deqing County of Zhaoqing Prefecture,
and another private flower enterprise in Shunde County.

BACKGROUND

Chine has chosen an alternative model of socio-economic
development that combines what the Chinese leaders think
to be the best of the two maln ideologles prevalling in
the wotld. The State owns most of the land and enterprises,
and controls the overall economy to prevent unwanted exploi-
tation of any kind; and the individual households or groups
of households have contracts with the State or Its local
recpresentatlives to work the land and/or operate the small
and medium enterprises for a fixed price and/or quota,
and are free to make as inuch money as they can with the
surplus products, Thls has resulted in the rural communi-
tles earning high Incomes and improving thelr quality of
ilfe conslderably, It is indeed the first time In world
history that rurai income Is much higher than that of urban
or govermnent workers,

Stnce the Integrated Farming System project Is only involved
with the Peari River Delta at present, we will limit our
study to the three counties we have chosen for that project:
two counties, Nanhai and Shunde, in the delta itself, and
Deqing, on the north -bank of West River which flows lInto
the same delta.

DIKE-POND SYSTEM

The Dike-Pond system (2) consists of deep fish ponds for
polyculture of carps, and elevated dikes malnly for muiberry
-rotated with sugarcane aud Intercropped with frults and
vegetables (Photp 2)., The mulberry leaves (Photo 3) are
fed to silkworms (Photos 4 & 5) to produce silk cocoons
{Photo 6) for a long-eatablished silk Industry (Photo 7},
and the sugarcane supplles the raw material for existing
sugar mills., Some plgs are kept (Fhoto 8) mainly to eat
the crop resldues -and to provide wastes which, together
with the silkworm excreta, fertllize the fish ponds, which
are In fact the most efficlent waste treatment plants {n
the whole world (3)., Sometimes chickens or ducks {Photo



9) and geese are added to the system to Increase the
economlc return and to produce additlonal wastes, The
pond mud, rich In organic and mineral matter, 1is spread
on the dikes two or three times a year to fertilize the
crops {(Photo 10), The whole system Is a balanced one,
and can supply all the feed and fertilizer required by
the varlious components of @& properiy-designed system.
However, If there should be some deficiencies imn an unba-
lanced system or in some of the smaller farms, they can
be made good efther through improvement in the design or
operation, or with input from bigger farms, but still within
the Dike-Pond system.

LU LINXIN FARM

The farm chosen for the expansion of the Dike-Pond system
into a more integrated one in the Guangzhou Institute of
Geography project belongs to Lu Linxin and his wife. They
have two children, one gir]l of 15 and a boy of 12, both
receiving a good education without having to help on the
farm. The couple operates the dike-pond system consisting
of 11 mu (15 mu = 1| hectare) of ponds that produced 3,500
kg of fish in 1985, and 6 mu of dikes planted mainly with
mulberry, but also have sugarcane, elephant grass for fish
feed, fruits and vegetables for their own consumption.
In thelr contract under the responsibility system, they
can only have one pond, but they have malso leased two other
ponds and dikes from two farm families who did not want
to farm their land becauseé of other activities. The couple
also ralses 33 pigs and 2,700 chickens, and look after
three large rooms of silkworms (Photo 11) with 7 crops
of cocoons a year. So they are kept very busy, and their
only entertainment comes from their big color television
set. They seem very happy with their lot, polnting out
that they have piped water and electricity, and adding
thet it is from a hydroelectric plant. There is not a
single bad word from Lu or his wife asbout the government
or the agricultural officer -- a universal complaint
everywhere else in the world.

They have a brickhouse with four rooms on the ground floor
and another four on the top floor. They occupy three rooms
on the ground floor, with the fourth one for baby chicks.
The whkoie top floor 1s used to raise chickens. They have
a8 separate building for the pigs and silkworm culture,
and another building for fattening more chickens.

All" the waestes from the household, silkworms, chickens
and pigs are used to fertilize their three fish ponds,
and all the crop restdues are fed to the pigs. The pond
mud is spread on the dikes twice & year to fertilize the
mulberry trees for thelr sllkworm operation, and other
plants, Fingerlings and some feed concentrates are bought
for the fish ponds, and they have to buy feed for their
chickens. They also have to pay the annual contracted
price to the State and the rental fee to the two farm fami-
lies for the ponds and dikes.

They expect the ponds to produce a higher yleld of 4,500
kg of fish In 1986, with a higher profit because of the
higher price at present. Their net total Income in 1985
was ¥13,000 (¥3.4 = US$1), and they are aiming at ¥18,000
this year. Chart ] shows the expenditure and Income for
each of the farm operations, and their corresponding pro-
fits, Such a household 1is obviously doing very well.
lJts yearly expenses are shown In Chart [II, with savings
of ¥8,000,
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Lu Linxin and his wife are now looking for a plece of prime
land to build a new house for their children, who have
no Intention of working on the land, but are aiming at
a college education. It is always good to aim high, It
seems to be the general attitude of most people in China,
where every child now has the opportunity to go to school,
and this Is a positive attitude that augurs well for the
China of Year 2000, provided that they can maintain their
equitable system of government,

SYSTEM EFFICIENCY

There ts no doubt at all that the symbiotic interaction
of aquaculture-agriculture in the Dike-Pond system is the
most efficient method of producing _food in an environmen-
tally sound and sustainable manner, and it is worth while
expanding this system whjle maintaining the ecological
balance, as proposed in the project of Guangzhou iInstltute
of Geagraphy. Thls system 1s already widely practised
in many countries of the south-eastern part of the Asian
continent, where there has always been sufficient balanced
foods to keep the relatively high population healthy and
strong, with practically no obesity or destitute poverty,
as In other parts of the world. It may be worth while
for some of the hundred poor countries to take a serfous
took at this concept, instead of continuing with systemns
that do not work or living on charity. In China, this
system has done wonders for centuries, and now with the
innovative responsibility system in a country which owns
alt the means of production and development, this system
has certainly proved that it can make the farming communi-
ties prosperous without wutilizing big farm equipment or
imported fuel, feed or fertlllizer. The farm famillies can
now afford better food, clothing, shelter and amenitles,
and the substantial savings will enable them to Improve
thelr quality of life considerably within one generation,
but there is still plenty of room for improvement,

However, a previous study of the economnlcs of the Dike-Pond
system {4} has shown that modern external inputs, such
as feed concentrates, reduce the rate of economic return,
It also showed that a higher -Input of Illvestock wastes
increases the efficlency of the system. So these are. at
least two big issues we will have to consider very carefully
in our proposed Integrated Farming System project with
the Guangzhou Institute of Geography. It is of paramount
jmportance that we produce the required feed within the
system {itself for any new llvestock we want to introduce
into the system, or Iincrease the stocking rate of existing
livestock; and that all the wastes produced by the addi-
tional livestock should be utilized to optimize the produc-
tivity of the whole system. A further Important factor,
of course, will be to ensure that the additional wastes
do not po!lute the system, causing Llivestock and plant
diseases or deaths, and that the additional feed and ferti-
lizer generated by such wastes are fully utiiized within
the system in order to maintain the ecological balance.

THE INTEGRATED FARMING SYSTEM (IFS)

The IFS will allow the Dike-Pond system to be expanded
by the farm family without upsetting the ecological balance.
In accordance with the FOOD & FEED CHART In Appendix |,
the following changes are reccommended:
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1, Livestock

During the first phase, we will not Interfere with the
costly chicken operation, which depends on comnercial feed
~-=- 80 |Is outside our terms of reference -- but we can in-
crease the number of pigs which are also more economical
to ralse. A sow can easily have 2 lltters of 8 piglets
per year, representing 1 to 1.5 tons of llvestock, depending
on the breed, There s adequate room +:n the existing
building for up to 100 pigs, and we will increase the number
from the present 33 gradually as the feed becomes available
within the system.

The wastes will be tsolated in a digester unit consisting
of two fiberglass tanks of 6 cubic meters each and two
settling tanks where algae are grown to provide oxygen
for one of the treatment processes, before being used as
proteln feed for the pigs. We need the digester unit to
ensure that the nutrients in the wastes are not lost through
production of ammonia and sulphides by converting them
tnto nitrates and sulphates that remain in the system,
while producing blogas fuel which will be used In the kit-
chen and to generate electricity for pumping the digester
effluent to the fish ponds that are over 100 meters away,
"and to operate the submersible pumps and standby compressor
for the ponds. o

The silkworm operation will be expanded as more mulberry
trees are planted on the dikes where vegetables are now
grown, and the silkworm excreta will go into the digester
unit Instead of being duinped into the ponds. There 1Is
at present an Increasing shortage of sllk cocoons for the
existing factorles in Nanhal because traditlonal suppliers
from other countles are now building thelr own silk facto-
ries. Intercropping of vegetables will still be done when
the mulberry trees are young or after the leaves are har-
vested, but the bulk of vegetable growing will be transfer-
red to the edges and on the surface of the ponds, using
aquaponics, aeroponics and hydroponics for uptake of the
minerals In the pond water.

2. Agquaculture

The three existing ponds will be converted into primary,
secondary, tertiary and pollshing ponds. With more nutri-
ents avallable from the digester unit, the plankton and
bacteria growth will be more prolific, and the stocklng
rate of fish will be 1increased accordingly. Freshwater
prawns will also be introduced In the secondary and tertiary
ponds. No supplemental feeding will be required, except
for grass and vine grown on the edges of the ponds. Aquatlc
plants will be grown on the surface of some ponds for food
and feed. Small submersible punps will draw water near
the bottom of the ponds and spray It over the surface to
mainteln a safe dissolved oxygen level.

The pond ecosystem |s the most critical part, or the heart,
of the whole system, so the ponds should receive the most
attention., A coemplex and numerous population of plankton
and bacterla together with many kinds of organic wastes
must be consuined by the right kinds of flsh and prawn that
feced at the lower trophic level, and In cdequate numbers
so as not to have left-overs that wil! pollute the pond,
when the fish will come up for air and fall sick, and
eventually die,
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3. Agriculture

Fruit and nitrogen-fixing trees will be grown in the middle
part of the dikes, but the remainder will be planted with
mulberry, rotated with sugarcane every four or five years,
and Intercropped with vegetables, More .vegetables and
flowers will be grown In plestic contalners and troughs
near the edges of the ponds vertically and horizontally
through aeroponics and hydroponics, and also In plastic
aquaponics tanks floating on the ponds, with automatic
irrigation and fertilization from the pond water drawn
by capillary action. We want to make full use of the wasted
space above the ponds, and the area utilized wil] depend
on how much the farm family wants to grow. Ducks and geese
wil! be raised to tincrease the nutrient content in the
ponds as much as the farmer wants.

4, Industry

If Lu and his wife are not already exhausted and want to
add value to their farm produce through processing, there
are many small machines avallable in Asia for this purpose.
It would be a pity to let the excess biogas escape Into
the atmosphere. )

RECOMMVENDAT TON

The scope of the Integrated Farming System of the Guangzhou
Institute of Geography is almost unlimited, and it deserves
financial and technical support from ‘internatlonal and
national organizations, as any improvement to this rural
development system and the transfer of such concept to
the developing as well as developed countries will result
in the efficient utilization of the world's natural resour-
ces and control the enviromnental deterioration we are
witnessing worldwide.

The solutions to many of our development problems are in
our own backyard and . . . backside!
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CHART 1| -- FARM OPERATION QOSTS
{Rounded Figures

Purchase of FINGERLINGS
Purchase of FISH FEED

(grass & concentrates)
Sale of FISH (3,500 kg)
PROFIT ON FISH

Purchase of PLANT MATERIALS
Purchase of FERTILI1ZER
Sale of CROPS (sugarcane)
PROFIT ON CROPS :

Purchase of SILKWORM EGGS
Purchase of MJILBERRY LEAVES
Sale of Silk OOCOONS
PROFIT ON SILK QOCOONS

Purchase of PIGLETS
‘Purchase of PIG FEED
Sale of PIGS (27)
PROFIT ON PIGS

Purchase of CHICKS
Purchase of CHICKEN FEED
Sale of CHICKENS (5,500)
PROFIT ON CHICKENS

CONTRACT PRICE
RENTAL OF TWO FARMS

in RMB ¥)

EXPEND.  INOOME
900
500
7,000
200
-0- :
2,000
500
400
3,000
800
-0-
3, 000
2,000
6,000
12,000
1,100
1,600
14,000 27, 000

PROFIT

5,600

1,800

2,100

2,200
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CHART 1! --

({Rounded Figures

SUPPLEMENTARY FOQD
CLOTHING

HOUSEHOLD EXPENSES
APPL IANCES

SCHOOL ING
FESTIVALS
EMERGENCIES

SAVINGS (on INCOME of ¥13,000 in

(LU Linxin Farm, Nanhei)

FAMILY EXPENSES

1,500
600
400

1,000
300
700
500

5,000

1985)

in RVB ¥)

= ¥8,000
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FoOoop &

FEED LMART

{11 mu of ponds & 6 s of dikes)

SYSTEM

Appendl!x

I

et

INTEGRATED FARMING Em
(LU LINXIN Farm Nenhel, Chinas)

ITERS INPUT ﬂESiDUES QuTPULT PROCESS RESIDUES PRODUCT e X
PI1GS Fewd & Vastes LIVE PIGS ¥
2 x 100 Labour {12 - 18 tons)

UASTES -D.lqastir Slurry (Bioges) Generat ogp—m— (€lectricity)
SLURRY Basin/Paddle & Primary Efflusnt (Algne) (Pig Feed)
Tarik/Corpressor {C. Carp)
PRIMARY Primary Pond (Slurry/Algee) & (. Csryp) Hammer Liqid to Fish Mpal
EFFLUENT ferators in (Protozoa/Snall) t (B. Cuarp) mill Secondary Pord (Plg Feed)
ALL Pords & (Bacteria) 8t (m, Carp)
Secondary Effluent To Secondary Pond
SECONDARY Secondary Pond {Algae) & 5. Carp Polishing Pond FMinerallzed Water Food Filah ¥
EFFLUENT Water Hyacinth {Protozoa) & &8 H. Carp with ta Aeroponics Food Prawn (small) ¥
& Duckuesd & (Benthos) & £t C. Carp Aquaponics £ & Hydroponics Vegetables/Flowers ¥
Leke Lotus § {Detritus) &8 Prawn Grasslend withCropResldes (Plg Feed)
Water Lettuce Nepier Grass (Fish Feed)Grass Carp ¥
(Pig Fewod) Tertiary Effluent To Tertiery Pond
TERTIARY Tertiary Pord {Algee) & 5. Carp Polishing Pond Minaralized Illater' Food Fish ¥
EFFLUENT Lotus Root/Sesd {Protozos) & 8 H. Cuarop with to Aeroponics Food Prawn (9IG) ¥
tster Chestrut {Bervthos) & 8 6. Corp Aguaponics & & Hydroponics Veoetables/Flowers ¥
& Ipomosa {Detritus) @ Prswn Grassland withCropResidms (Pig Feed)
Aquatica & {(Weed) Napler Grass & (Fish Feed)Grass Carp ¥
Taro Root/Leaf Centrosema Vine {Duck/Goose Feed) Duck/Goose ¥
(ALL FODD) ) Prime ¥Yegetables ¥
Flnal Effluent To Garden
SEINAL Cardan Leucaena Trees Ground/Coocked Leaf & Bean (Pig Fred)
EFFLUENT Crop Reslduss Vegetasbles Crasslend (Pig Feuwd) v
(Pig Fred) Flowers Napier Graas & (Fish Fend ¥
Fruits Cantrosema Vine ¥



QIANHOU} TE FARM

The construction of thls farm caused a split in the Qlanhou-
jie Productlon Brigade, because three households were for
and the others were agalnst the Dike-Pond system. The
three ‘'brave' households agreed to pay a rent to the whole
brtgade in order to have the Mulberry Dike-Fish Pond system
established on 33 mu of ponds and 7 mu of dikes, with five
of them planted with mulberry and two with elephant grass.,
They borrowed ¥50,000 for the project from the bank, with
repayment over flve years. They must have done well,
because thelr cooperative farm looks very neat (Photo 7)
and besides meeting all their cash obligations, all three
households have bullt new houses (Photo 8).

The whole operation seems to put emphasis on fish culture,
even though the ponds were only dug to 1.5 m deep due to
financlal constraints, excluding the possibillty of poly-
culture at the moment, The grass is used as fish feed
(Photo 9}, and the mulberry leaves provide the input to
the sllkworm operation, with the silkworm excreta used
to fertilize the ponds. They also have a few piggeries
with a total of 15 sows, some of them with piglets, to
further fertilize the ponds, but the breeding and animal
. husbandry need to be upgraded. Still they got 400 kg of
fish per mu in 1985 and are expecting 500 this year.:

SYSTEM IMPROVEMENT

The main objectives of the Deqlng Field Project in the
IFS proposal! of the Guangzhou Institute of Geography are
two-fold:

I. To modify the system at the government farm and carry
out experiments with various types and numbers of livestock
and plants to determine the maximum quantity of wastes
that our treatment system can handle, with only renewable
input obtalned from the system, before the aquatic or plant
life start to have problems; and - .

2. To use the results from the experiments at the government
farm to modify, GRADUALLY & VERY CAREFULLY, the cooperative
farm at Qlanhoujle, In order to establish new farm-based
industries that will use Its lower-value produce as raw
materlals to manufacture hligher-value foods and goods,
while supplying its own energy, fertilizer and feed require-
ments within the system. o ' "

In order to reach these objectives, which will depend on
increase in the waste tnput without polluting the system,
and proviston of all the requirements for the new. indus-
tries, it ts proposed to make three major changes at the
government farm In Deging, which 1s typical of all the
dike-pond farms in the whole prefecture, as follows: '

{1). The number of pigs will be Increased to the equivalent
of 7 per mu =-- the best experlmental figure obtalned so
far, ©On the government farm, there wlll be a total of
49 pigs, with seven piglets added every month and seven
market-size plgs (fed for about 6 months) sold, On the
cooperative farm, the animal husbandry witll be improved
for the existing 15 sows before the number is gradually
tncreased to a total of 25, They will be artificially
Inseminated to produce two |litters every year of 8 to 9
piglets each. Their wastes will be washed three times
a day into one digester unit of sultable slze for each
piggery, similar to the Nanhat project mentioned mbove.
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Other livestock such as goet, chlcken, pigeon and rabbit
will be added at the government farmm to replace the equlva-'
lent number of plgs or as an addition, provided that they

are vlable, which means that their wastes must produce

within the system all the feed they need. Ducks and geese

will automatically be part of the system, as they do not

need much In feed or space, besides having a waste that

is relatively less polluting. A couple of water buffaloes

will be added to help with the harvesting of fish, as shown

below.

(i4). The fish ponds at the government farm, and one at
Qianhoujie, will be divided into smaller ones of 3.5 mu,
with a maximum width of 20 m to have an oblong shape for
easler harvesting, and deepened to 3 m or more to enable
three levels of fish to feed on the various kinds of feed
present in the ponds, as already expiained In the Nanhai
project. At the government farm, one pond will be deepened
to 4 m and another to 5 m, with prawns added to the system,
and the plankton and bacteria content from various depths
examined to determine their strains and numbers (3). The
appropriate species and stocking rates of sultable fish
and prawn will]l be added to the ponds to consume all the
feed present, with special attention paid to predatory
- OCCUTrences.

{iit). The dikes will be widened with the excavated earth
to have different dike-pond ratios and compare them with
the 4:6 one, which has been found over many years of practi-
cal experience to have sufficlent nutrients in the poly-
culture pond mud to fertilize the mulberry/sugarcane dike
area with three transfers of pond mud a year.

it Js recommended that there should be no monoculture of
citrus on the dikes, despite its high and profitable yleld,
because of disease risks. We should definitely leave the
few exlsting rows of citrus on the dikes, as they can
produce fruits for nearly 20 years before replanting 1Is
necessary, but we must also have rotation of crops and
companion planting to control pests and diseases without
use of pesticides. We have already found that rotation
of sugarcane with mulberry keeps both plants healthy, and
on the new land we should find out more about other such
combinations, as well as for companion planting, that have
already been done in other parts of the world, in order
to save time and money., We must also try nitrogen-fixing
trees and shrubs, many of them producing llvestock feed
as well, and many varjetles of grass and vines that are
good feeds for fish and livestock. There will also be
a lot of work to be done on aquaponics, aeroponics and
hydroponics, so as to make use of the space above the ponds.

SYSTEM OPERATION (see FOOD & FEED CHART in Appendix I)

The success of the Integrated Farming System ag a whole
depends on the effectiveness and efficlency of the Waste
Treatment Operation (4}. This operation consists of three

main units:

1!, Digestlion Unit, comprising the isolation, settling and
digestion processes;

2. Oxidatlon Unit, which uses a lot of oxygen from various
sources, and the processes usually takes place in both
shallow and deep ponds; and

3. Demineralization Unit, that involves mostly plants on



The first two units prevent the livestock wastes from pollu-
ting the soil and water through conversion of thelr organic
compounds into minerals; while the last unit prevents the
minerals from poliuting the water and soil through uptake
of these minerals by means of plants., All three units must
have the best environmental! conditions for optimum effectiv-
eness of all the biological processes involved, and all
these processes must be riade to work at maximum efficiency
through chemica! and/or mechanical means.

1, Digestion Unit

The tivestock wastes are digested and partially mineralized
to allow a maximum of 40% of the organic content in the
digested effluent discharging into the deep polyculture
ponds, because we design the Digester Unit for two-thirds
reduction in BOD content of the original wastes. Otherwise,
we should redesign the unit, with increased capital cost,
or reduce the loading rate, which means reduction or
replacement in the number of livestock.

The biogas produced is needed to operate the pumps and
compressors of the treatment plant, which should not consume
much because the static head is not more than 4 m for one
fractional horsepower pump per mu,. and the rate of air
dellivery 1|s quite small, but the bulk of the blogas Is used
directly for boiling and heating, and to run a generator to
produce electriclity for the new industries. This Is one of
the maln reasons why we want to increase the llvestock
population in the 'vicious' circle of "wastes - fuel -
fertilizer - feed" in order to produce the best fresh and
processed foods at the cheapest price, Anpother reason is
that we aliso need the fertilizer to increase the feed for
the livestock and food for maximum profit.

We should also consider the use of windmill and photovoltaic
cell)ls, floating on the pond, for the pumping operation even
If they require hlgher capltal cost, because there is no
recurrent expenditure on fuel. Besides exploring all the
possibilities of processing the farm produce without the use
of even renewable energy, such as solar drying with or
without addition of sea salt, spitces and/or locally-produced
condiments, the farm is also connected to the Deqling power
grid, which uses hydro-electricity, as a standby supply.

2. Oxildation Unit

The digested effluent Is almost completely oxidized in a se-
ries of primary, secondary, tertjary, and polishing ponds,
which are all strictly controlied., They are sterilized and
fertilized prlor to stocking with fingerlings from separate
nursery ponds where special feeding takes place. We must
ensure that adequate numbers of each species of fish and
prawn are in the various ponds to consume all the avallable
feed. The most important thing to monitor 1s the dissolved
oxygen content at the bottom of the ponds, particulariy in
the early hours of the morning. During the day, the natural
nlgae present In the ponds fix nitrogen and carbon dioxtde
in the air through photosynthesls and release oxygem that
oxldizes the organic matter Into minerals, - This does not
happen at night, but the organlc content still consumnes oxy-
gen, and when morning comes the bottom part of the ponds can
be depleted of oxygen when some fish will jump out of the
water. The submersible pumnps that bring the bottom water
to the surface should be operating constantly during night
time, and only intermittently during the dsy depending on
the “weather, preferably using windpower with blogas as

stand-by power supply to prevent oxygen depletation unt11
sunrise ,
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3. Demineralization Unit

We should also ensure that too much minerals do not pollute
the ponds, causing plankton to grow so much as to cause
eutrophication. Uptake of these minerals from the water is
done by traditional surface plants such as lotus and water
chestnut for food, or water hyaclanth, duckweed, lake lotus
and water lettuce for feed. Some of them have prolific
growth, depending on the amount of nutrients in the ponds,
and can also be used to produce biogas (5), which gives us
a very lmportant option when we are either short of feed or
fuel. We are looking for a weed silmilar to the seawater
glant kelp that will grow in fresh water, and use it as fish
feed or to produce biogas. Ipomoea saquatica and taro are
grown on the edges of the ponds for food, together with
grass and vines on the sloping banks for_ feed. Vegetables
and flowers are grown in aquaponic tanks floating on the
ponds, and also vertically in aeroponlc towers and horlzon-
tally in hydroponic troughs along the edges on the shorter
sides of the ponds. All these plants are irrigated and
fertilized with the pond water drawn by caplillary action.

On the widened dikes some more mulberry and citrus trees
will be planted, and there will be one row of leucaena
_leucocephalia to act as windbreaker. These trees grow to
over 30 feet high in three or four years. They also fix
nitrogen into the soil, and their leaves and pods are good
protein feed for livestock. The rest of the dikes, except
for a footpath along the longer edges of the ponds, have
multicropping and Intercropping of various vegetables,
fruits, herbs, nuts, and edible flowers.

The footpath on a dike is used for harvesting fish or prawn
from the adjacent pond, Before harvesting begins, all the
aquaponics tanks are drawn to one end of the pond. On each
long side of the pond, one person with a water buffalo,
holding the end of a net, walk from one end of the pond to
the other, dragging the net to catch the stze of fish
required, without having to empty the pond. If we want to
catch the prawns for transfer to the pollshing pond, we use
a smal} mesh net to let the prawns through, followed by a
smaller mesh one to catch the prawns. More important still,
before we harvest the filsh from the deep ponds, or the
prawns from the polishing pond, we drag a line with strips
of bamboo hanging at different depths aiong the pond two or
three times. These strips of bamboo scare the 'wastes' out
of the poor creatures, and make them jump up in the air,
lesving their wastes behind. We want them to empty their
jutestines, which are completely flattened, before they are
sent to market. The valuable nutrjents belong to the ponds.

CONCLUSTON

In the Integrated Farming System, we are not looking at
the treatment of some inevitable wastes coming from our
farming operations where we have an option to treat or
not to treat them, or to do the minimum required by laws
~and regulations. We have actually based our complete
farming system and 1its alllied Industries on a highly
developed waste ' treatment technology that cannot fail |(fF
everything 1s done properly. It is a similar situatlon
to flying an jet plane or running a nuclear plant. At
least in our Integrated Farmlng System we can always plck
up the pieces and start all over again, learning from our
mistakes and trying our best not to repeat them,



However, the best lesson comes from Mother Nature herself,
end with our advanced science and technology we are confi-
dent that what Nature can do we can do better. We just
have to make sure that we work with, and not against, her.
Mother Nature has been abused since the beginning of time,
with the elements mainly responsible for most of the damage,
and she has always recovered, sometimes showing the scars.
Unfortunately, where the human hand has struck the blow
harder than usual, Nature has suffered almost irreparable
damage, but there {is nothing that Nature cannot repair,
given the required tlme. So our role, while we try to
help Nature, 1Is to catch up with time. It means that we
should wuse everythlng we know In science and technology
to speed up every process that Nature does to recover from
any abuse. The faster we do what Nature intends to do,
the better our reward will be. This {s the whole basic
phllosophy behind the Integrated Farming System, and the
tool we have is high-technology Waste Treatment Operation.-

Now tt's up to us to make up our mind about true and fair
‘development for all, and how much we all want to contribute
In helplng Nature. 1f we can fly to the moon, and have
enough resources to blow the whole earth to pleces, we
must be smart enough to help Nature's army of anaeroblc
‘bacterla to destroy more organlc matter through faster
digestion; Nature's multitude of single cell algae to
produce more oxygen for qulcker oxldation; the different
specles In the ponds malntalnlng the natural pecklng order,
with plenty to eat for everybody so that they can all play
thelr respective roles fully. So It goes on and on, as
long as we keep Mother Nature happy.

The Chinese have shown that, despite being behind the rlch
countrles In what is called modernization, her peasants
-have succeeded in obtalning sustained and more than adequate
growth on their land for centuries, wlthout any external
input, by worklng In harmony with Nature, while others
continue to deplete Mother Nature of her resources as |f
there 1s no tomorrow. WIlth our advanced science and techno-
logy, we want to Improve the quality of life for ourselves
and our fellow humans on thls one and only earth and our
futu re generations, not only by following the same tradl-
tional Chinese philosophy but also by lmproving It.

Can we, really?
November 1986

REFERENCES

1. Ruddle K., Furtado J.1., Dwong OF. & Deng HZ. — Apptied Geography 3, pp43-62, 1963
THE MULBERRY DIKE -~ CARP POND RESOURCE SYSTEM OF THE ZHUJIANG (Pearl Rtver) DELTA, CHINA :

L Environmenta! Corrtexct & System Overview

2. Thong 0F., Chan OL., Furtado J.1. & Ruddle K. (Mimeo) 1966
THE INTEGRATED FARMING SYSTEM — An Ecological Agro-System at the Service of Farm Family
Units 1 Developtng Countries. Duingzhou Institute of Oeography, Ouangdong, CHINA

3. Buck H., Maleoha SR. & Baur RJ. — J. Yorld Markulture Scolety 12 (2), pp203-213, 1981
POLYCULTURE OF FRESHY ATER PRAYNS (Maorobr acivum rosenbergt0
With Twe Combinations of Carps n Manured Ponds

4.Chan OL., Shenzhen, CHNA — (ms submitted to Mother Earth News) 1906
WASTE TRE ATMENT FOR PROFIT ~—— Multiple Benefits of Complete Bologica! Reoycling Plants

S. Bitina R., Srivasteva V., Chynoweth O P. & Hiyes TD, - 1906
MMBD[‘ST[NUV#TERHYACHTHMDSL[M Paper Presented at Conference



DEQING COUNTY GOVERNMENT FARM

FOOD & FEED CHART

Electricitys------- Biogas LIVESTOCK
1 (Fuefl) 1
1 : 4 1
V ! ¥
Industries DIGESTER IN]Te#---= -« ~Wastes
Equipment 1
4 ]
1 J
| TANKS & PONDS--==-- +«={Common Carp
Photovoitaic (shallow) Algae
& Windpower . 1 (Livestock Feed)
I
1
¥
PRIMARY PONDS------ +»Common Carp
{(deep) Black Carp
1 Mud Carp
1 {Livestock Feed)
|
!
* .
AQUAPONICS e - - - - - - SECONDARY PONDS----- +»Water Hyacinth
I 1 (deep) I Duckweed
I 1 Lake Lotus
Vegetables 1 1 Water Lettuce
Flowers I 1 {Livestock Feed)
(Residues as Feed) I FISH
| ]
] i
AQUAPON]CS et - = - - - - TERTJARY PONDSl------- Lotus Root/Seed
] (deep) 1 Water Chestnut
] i I Ipomoea Aquatica
Vegetables I I Taro Root/Leaf
Flowers H 1 (F o o d)
(Residues as Feed) I I {Residues as Feed)
FISH I
I I
¥
AFROPONICSe# == v e == POLISHING PONDS~-----wSjilver Carp
& HYDROPONICS {shallow) Bighead Cerp
] 1 Conmon Carp
Grass Carp
Vegetables Freshwater Prawn
Flowers

(Residues as Feed)

Napier Grass

{Duck & Goose Feed) Ducks & Geese

e R R

Leucaena Treeswe----G A R*D EN S----- »Vegetables
(Livestock Feed) {(Dikes with ' Flowers
Elephant Grass & Pond Mud) Fruits
Centrosema Vine (Residues as Feed)

(Fish Feed)



CASE STUDY OF THE INTECRATED DIKE-POND SYSTEM

(No. 3) IN SHUNDE COUNTY
Zhong G.F., Chan G,L., Wang Z.Q. & Yao H.Y.

INTRODUCT [ON

Although the Integrated Dike-Pond System (iDPS)% has been
in continuous operation for over 400 years, the polyculture
fitsh pond has evolved over two millenlia. Carps and other
freshwater fish have been cultured by the countles in the
Pearl River Delta, which has vast areas of low-lying land
crisscrossed with watercourses, for local consumption and
the market of Guangzhou, the provincial caplital, and subse-
quently to Hong Kong and Macau. The most famous of them
alt for big and tasty fish has been Shunde County, a reputa-
tlon It still enjoys today. It 1a also the county with
the most dike-ponds, as shown in Map 1. :

In the proposed Integrated Farming System {IFS)* project
of the Guangzhou Instltute of Geography (1), we have chosen
the Commune of Chencun because of Its peculiar sltuation.
It has an Increasing number of smail farms that are growing
plants & flowers in pots on the dlkes {Photo 1} or on the
terraces of thelr homes (Photo 2} for sale not only In
the local markets of Guangdong as decorative "bliblots"
for the home (Photos 3 & 4), but also for export to Hong
Kong and Macau, where there Is a craze for glving potted
ptants with ‘golden' cltrus fruits for the Chinese New
Year {Photo 5), with most famllles receiving as many as
one dozen, This very lucratlve practice has made the
farmers more prosperous, puttlag them into the new 20,000
Yuan Farmer class {1 US$ = 3.4¥), but 1t has also disrupted
the ecologlcal batance of the <traditional agrosystem,
The objectlve of the IFS project 1s not only to restore
this ecologlical balance, wilth the number of flower farms
continuously increasing, but also to optimize the overall
productivity of the whole system itself.

BACKGROUND

The traditional dlke-pond system is similar to that already
described (n Nanhal County*, With a dlke-pond ratlo of
2:3, and a few pligs, ducks and chickens meant for household
consumption at festival time, the whole system Is balanced,
with no external Input of feed or fertilizer. There s
no problem when flowers are grown and cut to sell for soclal
or ceremonlal occaslons (Photo 6), or as a beverage, elther
on its own such as chrysanthemum, or mixed with tea such
as Jasmin. Only the flowers are harvested and the plant
resldues remain on the farm, With potted flowers, the
whole plant goes with the pond mud which 1s the best agri-
cultural soll available, and the pot Itself is very often
made of the same soll. The pond mud I|s constantly removed
(Photo 7) and made into blocks for future use (Photo 8},
instead of spregdlng it on the dikes two or three times
8 year for agricultural purposes and Is eventually returned
to the pond. The ecosystemn Is also deprived of the plant
residues as feed or fertilizer. It seems like a total
loss!

*More details of the 1DPS and the IFS are given {n the previous twn
CASE STUDIES OF THE INTEGRATED OIKE-POND SYSTEMS (No. 1 & 2), NANHAI & DEQING



There was also no problem in Chencun under the Commune
system, with the ratio of rice fields, fish ponds and flower"
dtkes being 4:3:3, and people only worked a fixed number

of hours for speclfied wages. With the new economic reforms

under the Responsibility system, the land was subdivided

into small plots of 1 to 2 mu (15 mu = 1 hectare}, except

for the ponds. Each household was allocated one lot of

rice field or flower dike, or a fish pond. Water for the
rice field comes from the pond, and so does the pond mud

-for the flower dikes. The ponds are usually fertilized

by & few pigs. The households with the ponds only have

the fish, but have no control of the water or pond mud,

except that only two boats are allowed to take the mud

at any one time.

The Dlke-Pond system is consequently disrupted: the fish
do not get all their feed from the system, and supplementary
feed has to be bought on the local market; and there |is
not enough mud to go around, forcing people to dig It from
streams or even from dikes and other places. Organic ferti-
l1zer, in the form of processing residues such as peanut
or soya cake, Is now bought from the market but, sooner
or later, chemical fertillzers wilt be Introduced with
the associated problems now experienced by many other
countrles, uniess something |Is done now to stop the rot,

What makes things worse |Is that with the sudden prosperity,
there I3 a bullding boom all over the Pearl River Delta,
with thousands and thousands of bricks (Photo 9) made from
good agricultural soll, - thus depriving agriculture of =a
very important planting media and, of course, it 1Is much
worse when the pond mud itself is utilized for this purpose,.
Unfortunately, these are realities of Jife, and It f§s no
good trylng to stop thls trend. The IFS will just have
to solve this additlonal problem -- and fast!

MULTIPLE FARMS AS MAIN FIELD STATION

For our main fleld station in Chencun, we cannot have one
dike-pond farm as in Nanhal or Deqing County, so0 we have
to choose a combinatlon after visiting three farms;

(1). One medium flower farm with dlrect access to
pond mud; '

{11). One very small]l flower farm without direct access
to pond mud; and

(1ii). One large flower farm with a flsh pond, but
not adjacent to one another.

(i), Feng Guorong Farm

This flower farm, which Is run by Feng Guorong (Photo 10)
end his wife, consists of 1.5 mu of dike they obtalned
from their productian team under the Responsibility system
and is a typical slize for most households In this part
of Shunde County. They also have another.-3 mu of dikes
rented from two households, now engaged in non-farming
activities, for which they pay ¥400 per mu per year. They
employ two workers at ¥80 per month plus board and lodging.
They sell 50% of their potted plants to local bulk buyers
mmainly for export to Hong Kong and Macau, 20 - 30% directly
to Hong Kong buyers having the export licence, and the
remainder in the local {lower market during a few days
for the Chinese New Year. Thelr net Income s ¥20,000
a year -- see (HART 1,



Feng's father, one of the first farmers to go into the
potted plant and flower business, has set a good economic
example for other farmers to follow, and it is not likely
to stop soon, Many of them are along the Guangzhou-Macau
maln road going through the county, and the flowers make
8 really beautiful sight instead of the monotonous rice
fields, the days of which are numbered in Chencun. Because
of the much higher rice production per mu, thanks to the
Responstbility system, and the shortage of pond mud, a
plan has already been approved for converting 10,000 mu
of rice flelds into fish ponds,. The ultimate aim is to
replace rice planting, which has the lowest cash return
of all crops -- see CHART Il -- besides being very labor-
intensive, with more lucrative plants that also require
less back-breaking effort. Nobody can blame the Feng house-
hold for wanting to put thelr time and money, which 1is
plentiful now, into more profitable enterprises, and then
purchase the low-cost rice, local as well as imported from
Thailand or even U.S5,A., at the market.

Unfortunately, the dikes are not functioning as they should
be In Chencun. There is no more mulberry to feed the silk-
worms that produce valuable excreta for the f{ish pond,
and no more crop residucs to feed the {ish or livestock,
but the dikes stili receive the fertile pond mud many times
a year instead of the traditional two or three times.
The pond mud does not remain on the dikes, where It s
subsequently washed by rain back Into the pond, but s
put in earthen pots (they should start using plastic pots)
and sold with the potted plants (Photo 11)}. To maeke things
worse, as far as pond mud is concerned, these potted plants
have already invaded the yards (Photo 12), spare rooms,
terraces (Photos 13 & 14) and roofs (Photo 15) of the
farmhouses. In fact, the farmhouses in Chencun are bulit
with terraces on every story for this purpose.

There Is already a plan to have metal shelves for
'high-rise' cultivation, This one-way traffic cannot
obviously continue, with mostly infertile soil brought
in to replace the fertlle pond mud. This is where the
1IFS comes in . . .

{11). Liu Xlang Farm

Liu Xlang 1Is the manager of an aquaculture production
station that markets the fish inm Chencun County, and he
also treats ponds where there is flish dlsease. He only
has a very small plot of tand that every household s
entitled to, mainly for keeping a few pigs, chickens and
ducks, or growing some vegetables for his own consumption,
but he has potted flowers, grown from various seeds imported
from overseas, on his smsll plot (Photo 16). What is more
disturbing from the ecological point of view 1is that he
also has the same potted plants on the three terraces of

his house {Photos 17 & 18).

With hils exotic potted flowers, sold at ¥30 each, he has
a net annual income of ¥3,000 from his small plot of land
and ¥18,000 from his terraces. Together with his salary
and bonuses, he earns ¥30,000 a year. Like the farmers,
he too depends on the pond mud for his potted {lowers.
As other employed officials follow his exsmple, the mud
situation can only get worse,



{iti}. L1 Lun Farm

This Is one of the very few households that have both flower
dikes and fish pond. The dlkes are next to the farmhouse
(Photo 19), but the pond is a few kilometres away. Li
uses the mud from a nearby fish pond, and other farmers
use the mud from his pond. Besides some elephant grass
grown on the sloping banks between the pond and the dikes,
[.L1 feeds his fish with grain and feed concentrates, which
also improve the growth and taste of the fish., He can
afford this ‘'luxury' because he sells his fish at high
prices to the restaurants in Guangzhou and even Hong Kong,
where the famous Cantonese Steamed Fish is the most expen-
sive dish on the menu. It Is steamed to perfection with
the right amount of ginger, shallot and subtle condiments,
as only the Cantonese chefs can do, and the taste of the
white chunky pleces of fish is unforgettable.

The LI family 1s obviously doing very well (Li Lun's father,
Li Tong, is manager of a fish fry farm), and they are
building a new 4-story house with terraces for potted plants
(Photo 20}). Although we have not been able to obtain
details of thelr Income, we guess that they must be the
richest family in Chencun.

SYSTEM CONCEPT

Before we make changes to the IDPS concept In order to
cater for the newly created situation in Shunde County,
it is worthwhile recapitulating the ecologlicel principles
and design considerations that "have brought sustainable
growth and economic prosperity to the whole region for
such a iong time. We can then carefully add to them in
the IFS project while making sure that we do not deviate
unnecessarily from the natural agrosystems on which we
cen always rely for sustainability and self-relliance.

We rely on meny processes similar to those happening In
Nature, but we also use our sclentific and technological
knowledge to accelerate them as much as possibie through
all the biological power at our disposal, with additional
mechanical power if really necessary. Although. all thls
requires skiiful coordination, it 1s not beyond the capabl-
lity of the versatiie farmers to manage**, We rely on:

- Three main flelds -- Ilivestock, aquaculture and agri-
culture -- to give us the symblotic system that provides
the fuel, feed and fertilizer we need to produce optimum
yleld of food with practically no fossil fuel based input.

- A relatively small amount of speclally-grown plants but
mostly on natural organisms and crop and processing residues
to provide adequate and balanced feeds for all livestock.

- Animals that have the natural ability of converting simple
biomass, such as grass or crop and processlng residues,
not wanted by humans -- with only natural input from the
sun, alr, water and soll -- into high-protein and reiatively
expensive food, and producing much organic wastes that
can be properly treated to recover the stored energy and
other elements in more desirable forms.

seps an snalogy, the motor wvehicle is s sophisticated and complex product of sciencs
§ technology, but the driver does not have to know motor engineering ss long as he can
coordinatas all the movements of his hands snd feet, while keeping his syes an the roed.



- Varjous compatible species of (ish and shellfish that
feed at the different low trophic levels 8o as to consume
all the existing organisms thriving in a pond recelving
a heavy load of organic wastes,

- Many aquatic plants, such as water hyacinth used Iin Chlna
for centuries, that harbor high bacterial growth In their
roots to deal with organic matter besides belng able to
survive In highly minerallzed ponds, and also take up high
doses of minerals (rom water to control eutrophication,

- Oxygen to keep our system ocperating efficiently at all
times, and it can be Iin any useful form and produced |n
any natural way, directly from photosynthesis or indirectly
from blogas and wind or hydro-operated equlpment.

- Interactions or Iinkages between what we have on land
and in water that altow all residues to be used as raw
materials for subsequent processes, &0 as not to leave
any permanent pollutant In the system,

- Rotation of crops, companion planting, aend biological
pest control, 30 as to prevent diseases and destruction
by pests that cen ruin our system, without the use of
chemical pesticides that can also destroy the beneficlal

organisms present In the system,

- Natural obstacles such as water In channels or ponds,
trees, bushes and thorny plants to fence In our llilvestock
and provide day-time shelter for some of them, but all
livestock are properly housed not so much for thelr own
comfort as to preserve their valuable wastes, so that they
can be promptly and easily flushed into the digester unit.

DES TGN CONS 1DERAT 1ONS

in our design we have to keep Iin mind the goals we are
aiming at:

- No hendling of excreta, for sanlitary and cultural reasons,
as they should mechanically or automatically be flushed
into digesters where they are lsoleted, settled and digested
before the effluent dlscharges into a serles of ponds.

- No composting of leaves or (lbrous matter, as this process
is far too slow., They are ground and mixed with [ivestock
feed, and any indigestible part getting Into the excreta
is dealt with Inside the digester.

- Minimum labor through gravity (low by locating the live-
stock pen at the highest point, or built up to the required
helght, and the wastes flushed manually with & hose or
automatically from a siphon connected to an elevated tank
into the digester by gravity. Inside the digester unit
the liquid overflows from one tank to the other; the same
overflow system exists In the series of primary, secondary,
tertiary and polishing ponds.

- Mechanical 1jfting of water using wind and photovoltaic
pumps from tertiary or polishlng ponds to overhead tanks
for flushing livestock pens and for emergency supply ‘of
pond water to the aeroponic troughs or to the drip irriga-
tion plplng system on the dikes; and from the bottom of
primary, secondary and tertlary ponds to the surface for

oXxygenatlion,



- Minimumn use of fossil fuel in the system, either directly
or indirectly, except for capttel expenditure on lmporteg
machinery and equipment required for processing of farm
produce, and transportation of produce to the local market.

« Direct utilization of blogas for boiling, heatling, and
running farm equipment and vehicles; and generation of
electricity with blogas for other processes in the Tfarm
industries, with connection to the public electricity grid
as stanby.

- No costly irrigation system or competition for use of
water on our dlkes, as the water is plentiful and is only
a few meters away from any livestock or plant. Some plant
roots can draw their own water from the water table under
the dike itself; otherwise, a relatively cheap drip Irriga-
tlon piping system, fed from an overhead tank, brings the
minerallzed pond water to the roots of the plants,

- No wasteful so0il erosion on our dikes, with any soil
washed by rain going straight Into our ponds, and the
putrient-rich pond mud 1Is regularly pumped back on the
dikes. Now that. there is a speclal mechanical pump for
this purpose, we can do It more often than the traditional
two or three times a year; we will do it every two months
or so, before we broadcast our two kinds of compatible
seeds in our muiticropping program that aims at 10 to 12
crops of vegetables a year.

- No flooding of our dikes or unnecessary dilution of our
ponds by ralnwater coming from hills and sloplng land
~through digglng of collection channels at appropriate

places. This Is a relatively cheap solutlon to the flooding
problems plaguing many places In the worid, and It can
save a crop that sometimes means a matter of '"Ii1fe &and
death' to some poor farm families.

- No public health problem caused by use of toxic pesti-
cides, or by use of pond products as livestock feed, Pond
products are ground, sun-dried and/or oven-drled wuslng
biogas, directly or indirectly. Fish and shellfish used
as food sare properly "polished" in separate ponds where
they are fed specially grown grass and vine before going
to market, and is of much higher quality and hyglenic.
standards than fish obtalned near sea outfalls or from
lakes polluted by industrial wastes in many parts of the
developling as well as developed world.

CHOICE OF DESIGN

A good example on a do-it-yourself design of a self-~
sustalning farm from the New Alchemy Institute, U.S.A.,
appeared In Mother Earth News (2). The approach |s somewhat
different to ours, and should appeal to people who do not
think like us that the waste Issue i3 the most Important
of atl in an Integrated farming system to achleve sustaln-
able growth, but the development phllosophy and ultimate
objectives are exactly the same, In both cases, the final
deslgn should patisfy the needs of the farmer and meet
the requirements of his farm. Thelir concept 1Is majnly
based on conservation of energy, nutrients and other natural
resources on the homestead or small farm, but ours goes
much further than that and Is already on a regional scale.



In.our. IFS :project we aim at the best possible combination

of livestock, squaculture and agriculture, which is reached
after assesalng all the wastes and resldues produced and

their usefulness to the whole system in order to optimize

productivity. In both cases, we have to consider the blo-

togical relatlionships between the varlous components, making

changes 1If necessary, in order to maintaln the ecological

balance. The flnal products and proflts are not as Impor-

tant In our deslgn -- they are all good In any case,

However, once the design is finalized, the farming opera-
tlons must be functional and labor efficlent, with maximum
but simple automatjion such as conveyor belt for feeding,
perforated plastic plpe for waterlng, or siphon tank for
automatfic flushing or drip irrigation; and reasonable
dally attention for routine tasks and maintenance,.

In the Chencun farms, the link has been broken at the dike
level, where the fertile pond mud 1s taken away with the
potted plants, instead of letting the rain wash jt back
fnto the pond. So It has to be replaced with new soil,
which 1{is less fertile or can be completely infertile.
To meke things worse, the flower operation requires more
and more fertile pond mud as the business expands, ' and
the present farmers still do not want to buy chemical fertl-
llzers. It is gratifylng to see that the old farmers tend
to reject the idea of Introducing new chemicals Into thelr
traditlonal system, but this will not last long. One fine
exsmple Is the sterllization of fish ponds prior to
stocking, using quicklime and teaseed cake which is produced
from the oil-tea camellla seeds. The younger farmers do
not hesltate to cut out all the extra work required in
the traditlonal method, and use the chemical prophylactic

Dipterex instead (3}).

The next trend will be to use chemical pesticides, which
are now advertlzed In the media, ignoring the bad effects
obtained In the rest of the wortd. There should be a more
aggressive campalgn from the appropriate organizatlions
in the West to inform the Chinese farmers about their disas-
trous experlences with chemlcal farming, and they in turn
should learn more about what the Chinese have done for
centurles on the I|ssues that people in the West are now
spending thelr money and effort to address. This mutual
help will save everybody concerned a lot of valuable time
jooking for solutions to our present and future problems,

The Chencun farmers do not want plgs, which they say do
nov iz well with flowers. They do not want chickens
either, which are worse because they coat so much to feed.
In any case, no one wants to sacrifice any tand for the
liveatock. The household with the fish pond only has enough
space for a f{ew plgs, so the only acceptable livestock
that can thrive on water are ducks and geese, but preferably
geese, which produce more meat and eat mostly grass, grown
on the banks, and find the rest of their diet in the pond.
However, to have enough geese to fertillze the big pond
and supply all that fertlile pond mud, there shoulid be more
grass grown to feed them. The solution is to have a coope-
ratlve of either the farmer with the pond adjacent to Feng
Guorong's farm and all the other farms surrounding 1it,
or L1.Lun's pond and aill the farms adjacent to it. We
"can. grow varlous kinds of hybrid grass, with vines climbing
up the grass In some sort of companion planting, on the
dikes and put the pots on elevated multi-storied shelves,



So we now end up with an integrated Goose-Fish-Flower farm
{see CHART 11I) with grass and vine to feed both geese
and fish, the goose wastes to fertliize the ponds, and
the pond mud used as medla for the potted flowers. Uptake
of minerals from the pond water will be done by the grass,
so a watering system using photovoltaic or wind power will
be Included. If there should still be too much minerals
in the ponds, then further uptake of the nutrients will
be done through aquaponics -- to grow. flowers.

We are still a bit apprehensive about dumping new soil
inte the fish pond, and agree that we should do so wlith
a big hose to deposit the soil gently all over the bottom
of the pond, so as not to have too much suspended soil
that can interfere with the growth of the variocus organlsms
requlred as feed for the different species of fish.

ALTERNATIVE DESIGN

With the new program of converting ‘some rice fields Into
ponds, we would like to recommend that the planning take
into consideration the 1FS concept. Each pond can have
an area of 8 - 9 mu and be oblong in shape. . The pond farmer
has a small plot of land at one end for his farmhouse and
another piot at the other end for his piggery, with a total
land area not exceeding 0.5 mu. There are 3 flower farms
on each side of the pond, and each farm has an area of
1.5 mu. The six flower farmers and the fish farmer can
work as a cooperative, with no other outsider having access
to the water or pond mud.

We feel we must have the pigs, which are the most economical
livestock to raise. As previously mentioned in the Nanhai
proposal, one sow can produce between ! and 1.5 tons of
livestock a year, and can be artificlially Inseminated
instead of being serviced by a boar, which eats one ton
of feed a year and sleeps most of the time. Because space
i{s limited on the 0.5-mu farm, we recommend that the pigs
be used as raw materfals for making the Chinese version
of ham, bacon, jerky {uncooked), sausage, cocktall sausage,
llver sausage, stuffed head and trotters, corned pork and
luncheon meat. They are very tasty, do not require refrige-
ratlon, and are very popular with. local and overseas

Chinese. There are also the sideline Industries such as
leather, bristles, lard, and blood & bone meal.

More important still, the pigs produce a huge load of wastes
to fertlllze the new soil brought Iin to replace the pond
mud. We should choose a very clayey soll and dump [t in
a small pond where we let the adult. pigs have a good mud
bath @ few times a day. Then we clean the pigs under a
line of high pressure showers, using the water from the
tertiary and pollishing ponds that has been pumped to a
"tall overhead tank, and let the washwater go Iinto the ponds,
We can thus have sol! mixed with wastes 'transported freely'
to our polyculture ponds, and avoid the problem of excess
turbidlity., We can also add a certaln amount of fine sand
directly into the deep ponds.

We will include prawns in the polyculture ponds, and grow
aquatic plants on the pond surface. We wlll also grow
vegetables and flowers In aquaponic tanks, and aeroponic
and hydroponic troughs. A reasonable number of ducks and
geese will be raised to fertilize the ponds every day.
A small separate pond will be used to ‘polish' the fish
a few weeks before sale.



On the dikes, there will be the full range of trees and.
other crops. The flower nursery and potted plants will
be on elevated aluminum shelves, which will require a high
capltal cost but should be a viable investment.

In short, we will have a dlversified farm, without any
activity recelving excessive attention, in conformity with
our design concept, However, there will be more emphasis
on the potted flower planting, which Is the subject of
our speclal investigatlion. It would be interesting to
compare the financial benefits of the two statlons, in
relation to capital Investment and Input in man-hours,

NEW_FLOWER TECHNOLOGY

During our survey, we also visited the Chencun Flower
Experimental Statlon, and saw the Dutch Hothouse Project
(Photo 21) which cost US$400,000 just for the Imported
bullding materlals and equlpment. It has fts own dlesel
generator and a series of blowers to control the environment
for growing Imported flower. bulbs {Photo 22) and an
elaborate overhead and drip irrigation system (Photo 23}.
The flowers wlil be ready for export to Hong Kong and
probably Macau for the Chinese New Year. After that, there
s practically no market for such expensive flowers |In
Asla untll & year later, and It 18 hoped that the flowers
can be exported to Europe or America, provided that the
price is competitive., Thls 1s very doubtful at the moment
because of the big energy Input and the high cost of fuel
In a sub-tropical region, besldes the extra cost of chemical

fertillzers.

There 1s no doubt at all that such a system works very
well in Holland because of Its cold climate, and people
use flowers all the year round for many occaslons. The
Hong Kong market 1s only viable for one week before the
Chinese New Year, and durlng the remalning 5! weeks a
handful of flowers are sold for some weddings and funerals.

Such & system has also been proved to be very successful
In some Middle Eastern countries with vegetables, which
are often imported by plane, but their oll Is cheaper than
water, and thelr desert sand is not as fertile as the Pearl
River Delita soil, particularly the dikes fertlillzed by
the nutrlent-rich fish pond mud thet have proved so effec-
tive for over 400 years.

We have heard nothing but negative reports from the people
concerned in Chencun. They also laugh at the suggestion
that vegetables can be grown In the Dutch hothouse If the
flowers prove to be too expensive for a restricted market,
No other natlon In the world can produce vegetables more
efficiently and cheaply than the Southern Chinese, wlith
the cheapest ones such as chard or cabbage at ¥0.40 (i2
US cents) a kilogram. As for growing more flowers for
export, China should have turned toward Singapore, Hawall
or Tahltt, where troplcal flowers are grown naturally for
the local and tourist trade. Flowers of the blrd of
paradise and prchid familles are of incredible beauty,
and are not seen very much in South China.

We recomnend that the same amount of money (in Renmenbl
and not imn US %) be glven for the IFS project of the
Guangzhou Institute of GCeography, so that we can compare
the economic viabillity of the two projects. This worthwhite
exercise will prevent China from making monumental mlstakes
in the future



CONCLUS 10N

The Shunde County farms have given us & good opportunity
to look at the versatllity of our Integrated Farming System,
and to remind us of the Importance of balancing the input
and output of the system, We have also been warned that
le is not wise to concentrate on one or two operatlions,
even though they bring the highest monetary return, because
we can over-utllize one resource at the expense of another,
breaking the Food-Energy-Waste cycle (CHART 1V) upon which
we depend so much for sustainable growth.

We look forward to the fleld work and experiments outlined
In the IFS project of the Guangzhou Institute of Geography,
as we will be Involved with the Improvement of a truly
sustalnable farmlng system that 1Is not just conceptual
or experimental, but has been 1in operation continuously
over more than 400 years on a geographic and economic scale
unmatched elsewhere on this earth. We hope the natlonal,

regipnal and 1International organizations will soon give
more attention to this viable development concept and
provide the necessary funding for |Its Improvement and
eventual transfer, with appropriate modificaetions, to other
developlng countries. Somehow It has been overlooked by
most experts of these organizations in their development
strategles and plans to solve the fuel, feed and fertilizer
problems of a poor and hungry Third World. What is more
incredible is that even China Itself 1s guilty of this
same neglect, as many national and provincial Institutions
are turning to the outside world for solutlons to their
rural development problems, or are startlng from scratch
to develop some 'bright' concepts based on what has already
existed for centurles in thelr own backyards . . . !

Will we ever ilearn?

CHART 1 -- FENG GUORONG'S FARM OPERATION COSTS
(Rounded Figures in RMB ¥)

EXPEND. INCOME PROFIT

Purchase of PLANT SEEDS 500

Purchase of CLAY PCTS 2,000

Pond Mud/Organic fertilizer 500

Labor (wages) 2,000

Board & Lodglng(Extrls 2,000
Utilities/Maintenance 500
Transport/conmunications 500

Rental & Contract Fees 2,000

Sale of POTTED PLANTS/FLOWERS 30,000

PROFIT ON PLANTS/FLOWERS 20,000

10,000 30,000 20,000




CHART 11 -~ COMPARATIVE RETURNS ON FARM ACTIVITIES
{Zhong Gcmgfu « Guangzhowu lnstitute of Geography]

FARM ACTIVITIES RETURNS WITH TYPICAL INCOME
with 1.D.P.S.* MULBERRY = 100 RMB ¥/YEAR /MU
Muiberry 100 750
Paddy Rice 4] 305
Sugercane 44 330
Fruics (banana/papaya) 90 " 875
Fish : 134 1,000
Fruits {cltrus) : 270 2,000
Flowers . 410 3,075

* Returns are Jess than half without the
Integrated Dike-Pond System. -
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CHART 111 -- CHENCUN MAIN FIELD STATION (SHUNDE COUNTY)
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Abstract

Although not well understood scientifically, integrated and  diversified
aquaculture- agriculture systems have a history of some two miliennia in parts of
South and Southeast Asia. With the extremely limited furm area and scanty resources
available to the typical smull-scule farmer of these regions, Integrated agro-
ecosysiems, based on generations of empirical knowledge, provide a balanced diet
and often a small marketable surplus for poor rural households, while continuousls
recycling nutrierts ind cnergy through the system. producing little wuste. and
maintaining a local ecological balance. Despite the few scientific duta available on
such systems, they are being widely advocated or use in developing countries with no
prior experience of integrated farming.

This paper (puper 1} describes the environmental context and provides an
crvervicew of the muiberry dike polycultural carp poid resource sysiem of Lotie
Commune, in the Zhujiang Delta of the People’s Republic of China, where complex
and highly productive integrated farming systems are operated on a geographical
and economic scale unmaltched elsewhere. Subsequent papers will focus on the
human ecology of the dike -pond system. the ecological basis for system integration,
and the results and lmph(:dllons of experiments and trials for increasing the
productivity of and the economic rate of return from the system.

Introduction

The integration of aquaculture and agriculture is an ancient, widespread and enduring
practice in South and Southeast Asia. Nevertheless, the structure, functions and
management of such systems have been little appreciated outside those regions until
relatively recently. The systems are based on livestock, fowl and fish husbandry in

(143 6228'K3.010045 1850300 ¢ 1983 Butterworth & Co (Publshers Lid
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combination with a range of seasonally rotated crops. Small numbers of pigs and
ducks, together with the fish, provide the household with animal protein and often a
small cash income, while aquatic macrophytes, crop residues and kitchen leftovers feed
the livestock, whose manure, together with systematically collected human excrement,
fertilizes the fishpond and eventually the cultivated field. Such diversified and
integrated systems have sustained small-scale farm households for centuries. In the
more sophisticated variants of such systems, nutrients and energy are continuously
cycled, little waste results, and an ecological balance is preserved.

Almost without exception, such traditional and sophisticated resource systems have
been overlooked by development planners, perhaps because they have been regarded
as small-scale subsistence operations, ill suited to fulfilling the urgent food and raw
material needs of developing nations.* As a consequence, few data are available to
refute this reasoning, virtually nothing is known of the techniques and technologies
used, and data on levels of productivity and farm economy are seriously deficient, if
available at all.

Traditional Asian integrated systems of aquaculture and agriculture, particularly
those in the People’s Republic of China where such systems have been best developed
and applied on the widest geographic and economic scale, have recently aroused major
interest among Western scientists and development planners. While this trend is to be
applauded, a note of caution is in order. Chinese integrated farming systems remain in
large measure based upon the empirical wisdom of many generations of local farmers.
Although Chinese scientists, such as those engaged in the artificial propagation of
carps, have recently brought a more analytical approach to bear on the subject, for the
most part the scientific bases for system integration remain to be properly ascertained.
This, in turn, has led to the acceptance as proven of many assumptions about integrated
agro-ecosystems, a dangerous situation since much basic work remains to be done
before integrated resource systems can be transferred with a reasonable assurance of
success to other parts of the developing world. Further, virtually all attempts to
improve the scientific understanding of traditional, integrated agro-ecosystems have
concentrated on extremely detailed micro-studies of various biological, physical,
technological and economic aspects—such as the nature of the animal waste linkage
between livestock and fish from the perspective of fertilizing the pond and feeding the
fish—particularly as they concern polycultural pond systems. There has been little
attempt to relate these detailed studies to the larger-scale relationships such as those
between the pond and the dike, or those between the pond-dike system and the general
environment within which the integrated resource system functions.

As Furtado (1979) has demonstrated, the constraints mhibiting a fuller scientific
understanding of integrated agro-ecosystems, and thus their improvement, develop-
ment and wider dissemination, lie as much in the social as in the natural sciences. The
major factors that affect the performance of integrated agro-ecosystems—energy,
materials, spatio-temporal considerations and information diversity—are not, as a
whole, well-known, and the socio-economic aspects of such systems, which are complex
and little understood, are in particularly urgent need of detailed analysis.

In an attempt to remedy some of these deficiencies, a three-year (1980-83) applied

* A resource syslem is a combination of human, biotic and abiotic elements that provides for the
fiow of human utilities. It consists of the entire chain of events via which a component of the
general environment is perceived as a resource and pisses from its source through procurement,
processing and technological transformation to the creation and delivery of an end-product that
satisfies a perceived human need {for an elaboration sec Ruddle and Grandstall 1978 Grandstaff

et al. 1980).
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research project is being undertaken in Leliu Commune in the Zhujiang Delta, south of
the city of Guangzhou, by the Academia Sinica (Guangzhou Institute of Geography).
In the Zhujiang Delta an old-established and very elaborate integrated system of
intensive agriculture and the polyculture of carps and other fresh-water fish, which has
evolved progressively over 2000 years, is operated on a geographic and economic scale
unmatched elsewhere in the world.

This paper presents a descriptive overview of the resource system and the
environmental context in which it functions. Later papers will be devoted to the human
ecology of the dike—pond system, the ecological bases for system integration, and the
results and implications of experiments and trials for increasing the productivity and
economic rate of return of the system. Since a broader study of the principal energy and
nutrient pathways represents an essential first step in the organization of systemic
information for planners and resource managers, particularly for those concerned with
the wider adoption of integrated systems, the authors believe that the kind of synthesis
they attempt to provide in these papers is basic to an understanding of the conceptual
context of highly detailed micro-studies. In this way, the now-familiar problems that
arise from ad hoc interventions within large, complex systems, based on the detailed
study of subsystems alone, can be avoided or at least mitigated.

The biophysical environment

The Zhujiang (Pearl River) Delta, a densely populated region of some 12 000 km?
focusing on the city of Guangzhou (Canton), is the economic and cultural core of
southeast China. This delta has been built up by several large rivers that converge in the
region, principally the Xijiang, Beijiang and the Zhujiang (Fig. 1). An intricate maze of
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smaller natural and man-made watercourses traverses the delta and provides the main
transport arteries. The soils of the Zhujiang Delta, developed from recent alluvium, are
rich in organic matter and are only slightly porous. Those in Shunde County, for
example, were primarily paddy soils with some tracts of meadow-boggy sotls prior to
the development of the dike—pond system. But after centuries of intense cultivation and
irrigation under this system, distinctive classes of silty soils have emerged.

Numerous low, scattered hills, rising some 50 m above the plain, emerge from this
low-lying delta. They are composed of soft sandstones, clays and conglomerates. In
- sharp contrast with the alluvial areas, lateritic soils have developed on the hills, which
have served principally as cemeteries, pastures and as a source of fuelwood. Formerly
stripped of trees and heavily eroded, since 1949 the hills have been reafforested with
both timber and fruit trees.

The climate of the Zhujiang Delta 1s warm temperate, and rainy (Cfa of the Koppen
classification), and is affected by the monsoonal circulation. It is characterized by an
annual mean temperature ai Shunde of 22°C, and an annual average range of 15°C,
with mean temperatures in the warmest months of 28-7°C (July) and 28-4°C (August),
and in the coldest months of 13-0°C (January)and 14-7°C (February). Summers are hot
and rainy, with maximum recorded temperatures of 37°C and some 1700 mm of rain,
84 per cent of the average annual total. Mean annual relative humidity is 82 per cent,
with a high in June of 85 per cent and a low in January of 76-9 per cent. Although
generally mild, under the influence of the Mongolian high pressure system winter air
temperatures occasionally fall to 1-2°C, with an average of 2-3 days of frost per annum.
Hours of sunshine average 2000-2250 p.a. Southern China is subject to a variety of
damaging climatic hazards, principal among which are spring drought, flooding from
monsoon rains, and the passage of two to five typhoons during the summer and early
autumn (Luo et al. 1980). Since 1949, however, the impact of these hazards has been
greatly mitigated by flood control and water supply projects.

The modern policy context

After the Cultural Revolution (1966-73) a new policy for rural development was
adopted, some elements of which are clearly based on traditional strategies of using
resources and providing cooperative labour. This modern policy is characterized by
priority being given to agriculture over industry (PRC 1975), the integration of
traditional and modern technology, and a centrally directed but locally administered,
two-directional approach to development planning and programme implementation.
In the agricultural sector its main aspects are: national self-reliance and food security;
top priority in resource use being given to the satisfaction of basic needs, the creation of
jobs, and the promotion of agricultural growth; integrated rural development;
resource conservation; integrated agricultural systems and waste recycling; a de-
emphasis of animal husbandry (except for fisheries); the close integration of research
with production; and popular participation in the planning process.

The social organization of production

By the late 1960s, the local-level formal administrative structure of China had assumed
its present three-tier form,of ‘people’s commune’, ‘production brigade’, and ‘production
team’. Nevertheless, the household remains the smallest single unit of Chinese social
organization and the one in which the de facto use and management of privately owned
resources such as small garden plots and domestic animals is vested.

The production team, the basic agricultural production and accounting unit in most
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communes, generally consists of 20-30 households. In it is vested the ownership of all
agricultural implements other than those privately owned. Since basic local production
decisions are made at this level the production team is also the smallest unit in the
national planning process. Intermediate is the production brigade, which serves largely
as a planning and administrative unit. It undertakes productive activities too large for
the production team, such as constructing and managing drainage and irrigation
systems, or land reclamation and improvement schemes. Brigades also operate agro-
industries, farm machinery repair shops, and the like, as well as schools and health
stations. The highest unit in the local organization is the people’s commune. It
undertakes activities too large for the other levels and also performs higher-order
administrative, economic, social and political functions.

In the Zhujiang Delta, Leliu Commune, with 5044 ha of cultivated land and a
population of about 87 000 persons organized into some 19 000 households, typifies
those parts of Shunde County in which fishponds comprise the largest single category
of land use. No rice is produced in this commune and land use is dominated by
fishponds (2420 ha) and dikes (1330 ha in sugarcane, and 752 ha under mulberry).
Land privately cultivated for foodstufls, mainly for household consumption or sale in
local markets, amounts to 103 ha. Fruits, vegetables and oil seeds are also intercropped
and rotated with the principal crops. Chickens, ducks, geese, pigs, the occasional water
buffalo (used mostly for tillage) and eels are raised in addition to fish. Agriculture and
aquaculture are mechanized to a very small extent only. The commune also includes
two small urban centres, Leliu and Huanglian.

The labour force of approximately 36 000 persons is organized into 29 brigades and
257 production teams. The latter range in size from 150 to 500 members and, although
basically comprehensive in organization, have specialized groups among them, such as
those for fishpond operations, mulberry cultivation, and the like. The farm labour force
is supported by various other specialized teams including, inter alia, those for physical
construction, transport, and machinerepair and maintenance. Other teams work in the
complementary small-scale manufacturing sector of the commune economy, pro-
ducing goods both for use within the commune and for sale elsewhere. Special teams
composed of children and old people watch for signs of pest infestation in the fields, and
implement appropriate control measures.

Agricultural production within the commune is closely integrated with, and
supported by, various levels of locally conducted, practical problem-solving research:
an Institute of Agricultural Sciences and an Institute of Aquaculture at the county level;
an Agricultural Extension Station at the commune level; an ‘agricultural group’ at the
brigade level; and speciclized personnel at the production tcam level. Organization and
coordination of research work throughout the county is undertaken by the Scientific
and Technological Committee, a department of the County People’s Government.

Historical evolution of the Zhujiang Delta pond—dike systems

About 1000 years BP the coastline in the Zhujiang Delta met the Xijiang in the present-
day counties of Nanhai and Gaohe (Li 1657). At that time the lowlands were neither
widely nor continuously cultivated, owing to continual flooding and the presence of
acid sulphate soils, and village economies in the region were based mostly on the
capture and collection of marine resources. At higher elevations, hcwever, fruit
cultivation, especially of litchi (Litchi chinensis) and longan (Euphoria longana), had
developed rapidly since its beginning during the Han Dynasty, some 2000 years BP.

Meanwhile, during the mid-14th century, water control measures were started in the
lower-lying areas around Jiujiang, near the Xijiang. Smaller watercourses were



50 Resource systems of the Zhujiang Delta, PRC ;]

dammed and diked to make fishponds. Ponds were dug to drain marshes and natural
ponds in order to create agricultural land, and the excavated soil was used 1o construct
dikes. Historically, the middle and lower reaches of the Xijiang were China’s main
source of naturally occurring carp fry, and the early artificial ponds were devoted
mainly to fry breeding and rearing on a commercial basis.

The first commercial crops grown on the dikes were fruits, particularly litchi and
longan, as a consequence of the region’s long experience with, and fame for, fruit
cultivation, together with the large market demand throughout China. However, it is
also probabile that fruit cultivation was partly a response to declining local water-tables
that resulted from the rapid seaward progression of the delta, and which, when added
to the impossibility of retaining water on the dikes, ruled out rice growing. At that time,
however, there was apparently little or no conscious organization of an integrated fruit
dike-fishpond system in terms of the linked input and output of materials and energy, .
although both activities might have been undertaken on the same farm unit. Fruit
cultivation was simply the most profitable way of utilizing the dryland areas created by
the excavation of fishponds.

Mulberry cultivation, silkworm breeding, and silk weaving have a history of about
2000 years in the Zhujiang Delta, and were initiated in order 10 produce goods for
home consumption or to pay taxes. But by the early part of the Tang Dynasty (seventh
century AD) these activities had already developed into a substantial industry to satisfy
the trade that developed rapidly when Guangzhou was opened to international
commerce, 1200 years ago. Mulberry growing and silkworm rearing remained
separated both geographically and conceptually from fish cultivation, since even by the
13th century few dikes were planted to mulberry. By the 1620s, however, mulberry was
being widely cultivated on the dikes between the fishponds, experience having shown
that the economic returns from integrated mulberry dike-fishpond systems were
greater than those obtained from cultivating fruit trees on the dikes. Moreover, pond
mud, enriched with silkworm excrement and other wastes that had been first used to
fertilize the pond and feed the fish, was found to be a superior fertilizer for
mulberry bushes than was the raw silkworm excrement applied hitherto, which when
applied to excess damaged the mulberry leaves. With this discovery an integrated
dike-pond system was found to be beneficial to both mulberry and fish, and far better
than growing rice (Zou 1894). Thus by the 1650s farmers in the arsa around Jiujiang
and Xigiao began to replace old fruit trees with mulberry and hemp over some 70-80
per cent of the dike area (Li 1657). This process continued until around 1800, by which
time most parts of Shunde County were devoted exclusively to the integrated
dike- pond sysiem. N

Added impetus was given to the widespread adoption of this system in the 1750s
when the Qing government closed all ports except Guangzhou to foreign trade, and at
the same time limited the export of Hu (Tathu) silk. Thus the demand for Yue
(Guangdong) silk increased abruptly and prices soared. Conversion of paddy fields to
dike-pond systems continued apace and was extended beyond the areas of low-lying
marshlands, the eradication of which was the main objective of the system.

A further boost to silk production in the region, and which led to a 30 per cent rise in
prices consequent upon quality improvement, occurred after the mechanization of the
reeling process. With the opening of the first modern filature, in 1866, at Jiancun village
in Nanhai County, the integration of mulberry and fish entered a new phase. Not
uncommonly, rice cultivation was abandoned as an increasingly larger area was
converted to ponds and dikes. Centrally located in the Delta, and thus at the hub of
rural water transport, Shunde County emerged as the locality with the largest area
devoted to mulberry-aquaculture systems. The County’s leadership was firmly
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established with the opening of the Yi Chang Mechanized Filature, at Daliang, late in
the last century. Shunde, which now accounts for 75 per cent of the Delta’s silk
production and has the most fishponds (Zhong 1979), had converted 6700 ha of paddy
fields into integrated mulberry dike-fishpond farms by the end of the 19th century. By
the end of the Qing Dynasty (1911) the Zhujiang Delta had some 66 700 ha devoted to
this kind of agro-ecosystem, and by 1925, the apogee of Guangdong silk production,
93 000 ha of dikes was planted to mulberry.* But a massive decline was soon to set in
with the worldwide ‘Great Depression’.

Sugarcane has been cultivated in the Zhujiang Delta for about 2000 years, mostly on
the higher and drier slopes of the uplands, and utilizing mainly two local varieties,
zhuzhe (lit. ‘bamboo-sugarcane’, Saccharum sinense) and muzhe (lit. ‘wood-su garcane’,
species not identified). Since the Song Dynasty (12th century AD) Panyu County has
been one of China’s important sugar-producing areas. But a relatively poor-quality
product with fluctuating yields, Guangdong sugar was grown mostly to satisfy local
demand. Profits were therefore slight, and so the industry was slow to develop. During
the ‘Great Depression’ silk prices fell dramatically, large areas of mulberry dikes were
teft uncultivated, and about one million silk workers were unemployed. Seeking a
profitable replacement for mulberry, entrepreneurs introduced in 1932 several varieties
of sugarcane from Java, and from 1934 onwards other varieties were brought from the
Philippines, including POJ 2727, 2878 and 2883, and ‘Yellow Galedonia’. Many of the
abandoned mulberry dikes were planted to sugarcane, and the region’s first sugar
refinery was established in Shunde County in 1936. Thus the focus of Guangdong’s
sugar industry shifted from the uplands to the dike-pond region. Despite the
widespread adoption of sugarcane cultivation, many former mulberry dikes were
converted to mixed vegetable production or paddy rice. or were left derelict. This may be
inferred since the area under mulberry declined from 93 000 ha (1925) 1o 35000 ha
(1935}, and no more than 6700 ha were planted to sugarcane in Shunde, Zhongshan,
and Nanhai Counties combined (Li et al. 1976). '

The Japanese Occupation (1938-45) dealt another severe blow to local silk
production, because prices declined precipitously in the face of competition from both
sitk and artificial fibres produced in Japan. At the same time, rice prices increased
dramatically nationwide, and because relatively little food grain was cultivated in the
Zhujiang Delta, expensive rice had to be imported from elsewhere in China and from
abroad. Unable to purchase expensive rice with the now meagre earnings from their
silk, farmers in the Zhujiang Delta rapidly abandoned the dike-pond system and the
cultivation of rice and other foodstuffs became both more extensive and intensive.

Alihough excavation of fishponds and dike construction was hisiorically considered
{0 be the best way of transforming nature to make an area that was formerly marginal
economically and subject to a range of natural hazards more productive in economic
terms, until 1949 cropping patterns on the dikes were dictated by market prices rather
than by the ecological considerations that are the essence of traditional integrated
farming systems. But since 1949, while market demand in the guise of fixed production
quotas has remained an undeniable force in determining patterns of resource use in the
dike-pond region, the integrated utilization of resources based on fundamental
ecological principles has evolved hand-in-hand with the exigencies of economic
dictates. As a consequence, the components and processes of the dike—pond system
have become progressively more tightly integrated in terms of complementary inputs
and outputs; the system has become more elaborate in terms of the crops and animals

* All area data have been converted from mu (1 mu=0-066 ha) and extrapolated.
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raised and in terms of the spatial and temporal patterns of intercropping, interplanting
and rotation; overall system productivity has been raised, and energy losses, resulting
from unutilized waste or by-products or niches not exploited, minimized. However,
further refinements and improvements that demand a more rigid linking of the various
components of the system are still forthcoming, such as the integration of biogas
digesters for energy and fertilizer production, as has recently taken place in the Xinbu
Brigade of Leliu Commune (Mai et al. 1980).

Components of the dike—pond resource system
Components within the fishpond

Much of the success of fresh-water aquaculture in Southeast Asia, and particularly the
high productivity of Chinese ponds, is the result of polyculture, the raising of several
different compatible fish species, and often other aquatic organisms, in the same body
of water. This is the most efficient technique for using a limited pond area since the
complementarities among the species, particularly in feeding habits, permit the
harmonious exploitation of available ecological niches and the optimum use of the
foods available at the various trophic levels of the complex aquatic food chain.

Apart from a few specialized instances of eel culture and initial experiments with
Indian carps, together with the inclusion of Bream {Megalobrama amblycephala) and
Tilapia (T. nilotica) in the fishpond, all the fishponds in Shunde County are devoted to
the culture of Cyprinids, the so-called Major or Chinese carps: the Grass carp
(Ctenopharyngodon idellus), the Silver carp (Hypophthalmichthys molitrix), the Bighead
carp (Aristichthys nobilis), the Black or Snail carp (M ylopharyngodon piceus), the Mud
carp (Cirrhinus molitorella), and the Common carp (Cyprinus carpio). Each species has
distinct feeding habits and each occupies a different level within the pond.

Traditionally, from April to July of each year, the fishponds of Shunde County were
stocked with larvae and fry obtained from the lower and middle reaches of the Stkiang.
Fry, caught near the banks in broad and relatively straight sections of the river where
the current is slow, were carefully sorted, and raised in nursery ponds prior to their
transfer as fingerlings to the culture pond. But, since 1949, pollution in the major rivers
has drastically reduced the natural supply of fry and larvae and has made hatchery
production a necessity, although lorvae and fry are still caught, particularly to provide
brood stock and thereby to help mitigate the genetic effects of in-breeding among
artificially propagated fish. In China, the artificial propagation of the major species of
Chinese carp has made great strides since 1938, and in particular it has been simplified
to the extent that it can be easily undertaken at the level of the production team (Chung
1980).

Fry are usually raised under monoculture to fingerling size in nursery ponds with an
area of 0-13-0-2 ha. Prior to stocking, ponds are treated with quicklime, to remove
predators and unwanted species and to control infections among the fish, at a rate of
900-1125 kg ha™ ! for dry ponds and at 1875-2350 kg ha~ ! in ponds containing water
1 m deep. Tea-seed cake is then applied to the ponds at a rate of325-365kgha ' m™1.
This alternate application of lime and tea-seed cake maintains the normal pH balance
of the water. Two or three applications of compost or organic fertilizer such as dacao
(a traditional fertilizer made by combining various herbaceous plants, soy-bean
meal or curd, and either rice bran or peanut cake powder), totalling
11 250-18 750 kg ha~* m~! are given to the pond 10-15 days before stocking to
stimulate the growth of plankton on which the fry feed.

Fry are stocked in the nursery ponds 3-5 days after hatching. Stocking rates
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vary, but are high initiaily, at 1-1 500000 ha™! being reduced after 7-10 days to
75000150 000 ha™'. Reported survival rates are relatively low, at 3040 per cent
(FAO 1979). Nursery ponds containing fry are fertilized carefully so as not to deplete
dissolved oxygen Jevels. Dacao, at a rate of 19 500 kg to 150 000 fry per hectare is
applied 2-3 weeks after stocking Silver carp or Bighead carp. Ponds containing weak
fry of these species receive additional fertilization with peanut cake powder, at a rate of
4-5-18 kg to 150 000 fry per hectare divided equally into 24 applications per day.
Ponds with Mud carp or Grass carp require less fertilization, 1250-3000 kg to 150 000
fry per hectare of dacao being applied every three days and 22-5-37-5 kg to 150 000 fry
per hectare of either peanut-cake powder or rice bran is supplied daily. Under such
management fry attain fingerling size in 3-4 weeks.

Ponds for reanng fingerlings are prepared in the same way as those for fry. Robust
fry, a uniform 3-3-5 cm in length, are used for stocking under either monoculture or,
more commonly, under polycultural conditions, the stocking rates varying according
to the system used. Fingerlings are usually reared in two stages, using separate ponds at
each stage. In the first stage, which lasts for a month, they are reared to a length of 6 cm,
and in the second to 12 ¢m. Feeding is almost the same as for fry, but more feeds like rice
bran, soy-bean cake, peanut cake, silkworm pupae, crushed snails and fishmeal, with
chopped duckweed, soft grass and vegetable tops added for the Grass carp fingerlings,
- are provided. With proper management, especially of water quality and gquantity,
cleaning and sterilization of the ponds, and the elimination or scaring-off of predators,
fingerling survival rates of 70-90 per cent are reported.

Most production ponds in Shunde County are rectangular or square in shape,
permitting more efficient natural or mechanical aeration of the water and facilitating
mechanization of pond operations. They range in size from 0-2 ha to more than 0:5 ha,
although the majority are less than 0-5 ha. An area of 0-26-0-33 ha is regarded as ideal.
but in zones of porous soils production ponds of 066 ha are not uncommon.
Rectangular ponds are preferred, aligned east to west to maximize the available hours
of sunshine, and with a length to width ratio of 6:4 to minimize dike erosion by wave
action and to optimize fish and crop production. Apart from public sewage ponds used
to collect faecal matter, ponds are not constructed in the lee of tall buildings or trees,
thus minimizing the interception of solar radiation and wind.

Pond-water depth ranges from 2 m to more than 3 m, with a preferred depth of
2:5-3 m. If the water is too shallow its strata are not deep enough to optimize polyculture
nor to rear large numbers of fish, and overheating and eutrophication problems can
arise. Conversely, when the water is too deep temperatures and light in the bottom
layers are low, bottom waters may decome deosygenated, anc plankton precduction
reduced. Maintenance of these relatively deep ponds 1s not problematical since
draining and filling operations are increasingly mechanized and the need for sluices and
other water control devices is reduced. Pond bottoms are almost horizontal, sometimes
with a slope of 1/220-1/300 from the water inlet to the outlet side. In localities with
sandy or porous soil, dikes are lined with bricks or concrete.

In the Zhujiang Delta the main fish species raised is the Grass carp, combined as
environmental conditions and the availability of inputs permit with Bighead, Silver,
Black, Mud and Common carp, and sometimes with Bream and Tilapia. In the
production ponds of this region fish cultivation continues to be based on the traditional
mixed-age or size polyculture, in which fish of varying sizes and of different species are
reared from fingerling to marketable size in the same pond. The larger fish are
selectively harvested in quantity every 3—4 months, with 34, and in some places 5-6,
harvests per year during the rearing period, and the pond is selectively restocked with
younger individuals. Thus in any given pond there are fish at various stages of growth,
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Although densities and species composition vary from place (o place within the region,
stocking densities of 15000 ha~! are not uncommon.

Because stocking densities are high, extremely heavy fertilization of ponds and
feeding of fish is practised in the Zhujiang Delta, but since the integration of the
resource system is so tight, this presents few if any logistical problems. Only organic
fertilizers are applied to both ponds and crops. Of these the most important is pig
manure, which is applied at the rate of 562 t ha=! yr~!. Commonly, pigsties {as well as
the latrines for humans) are built adjacent to the pond, on the dike, so that the manure
can either fall or be flushed directly into the pond; but increasingly, pig manure and
human excrement are fermented and also used to produce biogas prior to its
application to dike or pond in more precisely controlled fertilization (ISF 1980). When
available, chicken manure (and that of the few water buffaloes) is used as fertilizer, at
the rate of 15 tha™! yr~'. ‘Fertilized water’, which consists of 77 per cent residues of
soy-bean curd and 23 per cent other fermented wastes from food-processing factories,
is applied to ponds at the rate of 200 kg to 1 kg Silver carp per year. Additional
pond fertilization is provided by the decomposition of fish excrement and of digested
or partly digested fish food.

Fish are fed with organic materials produced on the associated dikes, in some cases
after these products have been processed in nearby agro-industrial plants. Fish do not
normally receive any supplementary high protein food of animal origin. Grass carp is
the principal species raised, and this is fed mainly with grasses, sugarcane husks, leafy
vegetables and aquatic macrophytes grown on the dikes or in proximate water bodies.
In general, such rough plant material constitutes 99-6 per cent of fish feed, the balance
being made up by fine food consisting of the fermented residues of soy-bean curd, soy-
bean cake, peanut cake and rice bran. The natural fertility of the pond water, enhanced
by manuring, promotes the growth of plankton, the principal food of the Bighead and
Silver carp. Common and Mud carp are detritus feeders, whereas the Black carp feeds
on snails. On this basis, Chinese farmers have determined empirically that the crops
from 1 ha of dike can provide the feed for fish in 1 ha of associated ponds. The climate of
the Zhujiang Delta is well suited to the raising of the major Chinese carps. On the
coldest days in winter, pond temperatures usually remain above 1-3°C, the critical
lower limit for the main species cultivated, apart from the Mud carp, which suffers
mortaiity at temperatures befow 5°C (Aquaculiure Department 1960). The lethal lower
temperature for T. nilotica is 11°C (Bardach et al. 1972), but hybrids with T.
mossambica are more cold resistant. Pond-water temperatures in summer rarely
approach 35°C, the upper limit for the growth of the species.

The principal envirormental probicms of concern to Shunde County fish farmers
occur in the pond micro-environment as a result of the extremely high organic loading
of the water. Pond fertilization and fish feeding are therefore carefully controlied, and
water quality is strictly monitored, especially to assess dissolved oxygen (DO) levels in
the hours just prior to sunrise. This is particularly critical in these ponds, which are
relatively deep by the usual standards of aquaculture. DO levels are monitored by
observing fish behaviour. Optimum levels for ponds in this region are 5mg ¢~ '; when
they decline to 1 mg 7/~ fish start to surface, and when the DO falls below 0-2 mg ¢/~
large-scale fish mortality results (Zhong et al. 1965). Serious oxygen depletion is
indicated when the bottom-dwelling species come to the surface, a rare occurrence in
the Zhujiang Delta, where good pond management is the norm.

Components of the dike

While not diminishing the overall policy of achieving self-reliance and the satisfaction
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of basic needs from locally available renewable natural resources, the single most
important commodity produced by the dike—pond system of Shunde County is fish.
Hence the agricultural use of the dikes is geared basically to the feed requirements of the
fish and the fertilization needs of the pond. The relative emphasis placed on mulberry
and sugarcane, the main commercial crops cultivated on the dikes, is also a response to
both the domestic and international market demand for silk and sugar. Balancing
market demand and pond input requirements, and thus the main crop grown on the
dikes, results in a fluctuating ratio of pond to dike area.

On the basis of dominant crop grown, four principal types of dike are recognized:
mulberry dikes, sugarcane dikes, fruit dikes, and miscellaneous crop dikes. Compared
with those in other regions of well-integrated farming systems, dikes in the Zhujiang
Delta are exceptionally large and varied, both in morphology and function. For the
integrated system practised in this region, level-top dikes 6-10 m in width and
0-5-0:7 m in height above the level of the pond surface are considered ideal. In the
Zhujiang Delta dikes range in width from 6 m to 20 m. Narrow dikes have a small
surface area that renders cultivation inefficient, and on the widest dikes it is difficult to
provide enough pond mud as fertilizer. Dikes of medium height (0-5-0-7 m) above the
pond surface absorb enough water from the pond to maintain a soil-water content ideal
for most crops cultivated. Low dikes (<0-5 m above the pond surface) suffer from
waterlogging in the plant root zone and are liable to inundation during the flood
season, whereas high dikes (> 1-0 m) are unable to absorb enough pond water.

In the Zhujiang Delta year-round crop cultivation on the dikes and in the associated
waterways presents a complex picture of seasonal and bienmal rotation and of
intercropping. There is no slack season in agriculture and the dikes are under
continuous cultivation. Cropping is closely connected with the husbandry of mammals,
fish, and silkworms. The principal commercial crops cultivated are mulberry (Morus
atropurpurea), sugarcane (Saccharum officinarum), various fruits (especially litchi,
longan, and bananas and plantains [ Musa spp.]), together with a wide range of other
plants for domestic use, livestock and fish feed, and for marketing.

In the Delta, 9400 ha of dike are devoted to the cultivation of mulberry, the leaves of
which are fed to silkworms (Bombyx mori). Mulberry leaves are harvested 8-9 times per
year, between March and late November. In this region 1 ha of dike yields an average of
22 500-30 000 kg yr ! of mulberry leaves, which resuits in a yield of 1875-2250 kg of
silkworm cocoons. Shunde County accounts for 90 per cent of the cocoons produced by
Guangdong Province (unpublished local statistics).

Climatically, this region is well suited to both mulberry cultivation and silkworm
rearing. Mulberry grews best at temperatures of 25-30°C, whereas its growth is
hindered below 12°C and it cannot survive drought at temperatures greater than 30°C.
Thus in this area the mulberry shrubs are pruned in late November and the dike
intercropped with various vegetables until February of the next year. The period
December-February is too cold for leaf production. Mulberry is a heliophilous plant,
which at 30°C on a sunny day produces 2 mg (dry matter) 100cm™2 hr ™! of leaf
surface. This is reduced by 50 per cent on cloudy days and by 70 per cent on rainy days,
hence mulberry leaf production is somewhat inhibited during the rainy seasons.
Rainfall is sufficient for mulberry growth and, without irrigation, dikes of medium
height absorb enough pond water to maintain adequate moisture at an average depth
of 35 cm, the root zone of the mulberry plant. In drought periods the dikes can be
irrigated easily from the nearby ponds.

Temperature and humidity are important factors in sericulture. Silkworms grow
only at temperatures between 15°C and 32°C, and die in drought periods at
temperatures above 40°C. They require a relative humidity of 70-80 per cent for
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Plate 1. Irrigating sugarcane and muiberry with pond water.

optimal growth. Except in winter, when dry Mongolian air occasionally intrudes,
relative humidity in the Zhujiang Delta is always high. From May (o September, high
temperatures and high relative humidity are detrimental to silkworm growth, but are
mitigated by using bamboo frames constructed for the sitkworms in the rearing sheds.
 Inthe Zhujiang Delta mulberry shrubs are pruned after the last harvest of leaves and
the dikes are interplanted with an assortment of vegetable crops. This has the additional
effect of improving mulberry yields. And to reduce plant diseases and insect pests the
dike is planted alternately with mulberry and sugarcane, which also has been
denwcnstraied localiy to increasc the yiclds of both crops as well as to improve soil
quality. o _
With 15 300 ha of dike area under sugarcane and an average yield of 75 t ha™ !, the
Delta produces 12-5 per cent of Guangdong Province's sugar and is one of China’s
leading sugar-producing regions. Sugarcane is well adapted to the annual temperature
and rainfall regimes of the region. The plant’s greatest water demand occurs during the
period June-September, coinciding with the months of highest precipitation, and the
second period of high water demand occurs in January-April, when again the rainfall is
sufficient. Mean monthly temperatures normally satisfy the requirements of sugarcane,
the growth of which is retarded below 20°C and which stops altogether at temperatures
of less than 10°C. Frost damage is rare in the Zhujiang Delta. Dikes are planted to
sugar in the autumn, the crop requiring up to 16 months to reach maturity.
In early spring, before the mulberry shrubs come into leaf, mulberry dikes are
interplanted with soy-bean (Gliyeine Max), mung bean (Phaseolus aureus), 1aro
(Colocasia antiquorum), peanut (Arachis hypogea), and other vegetable crops, which
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are harvested in May and June, and bananas, plantains, and fruit trees are cultivated
along the edge of the dike. In summer and autumn, at the very edge of the dike, melons
and gourds are planted and trained on bamboo trellises that hang over the pond,
thereby shading the water and preventing excessively high temperatures that would
endanger the fish. Each November, after the last harvest of mulberry leaves, the dikes
are interplanted with Chinese cabbage (Brassica pekinensis), cabbage (B. oleracea ), leaf
mustard (B. juncea), carrot (Daucus Carota), and radish (Raphanus sativus), which
provide two harvests, the last being in February. For feeding fish, Elephant grass
(Pennisetum purpureum), maize (Zea Mays), sorghum (Sorghum spp.), and sweet potato
(Ipomoea batatas) are planted on all available spare land, including the dike slopes,
roadsides, around the settlements, and along the watercourses. To feed fish and pigs,
aquatic plants such as duckweed, water lettuce (Pistia Stratiotes) and water hyacinth
(Eichhornia crassipes) are cultivated in canals, rivulets, and associated bodies of water.

Energy and matter linkages in the dike-pond system

Integrated farming is an ancient practice in China and one that has become more
refined as a consequence of the agnicultural and rural development policies im-
plemented since 1949. Although based on solid economic and ecological principles,
in the Chinese case the fundamental motives for the further development of integrated
systems appear to be the need to maximize productivity per unit of land; the national
policy of diversified self-reliance in food and basic raw materials production; and that
the by-product {waste)rom one resource use must, wherever possible, become an input
into another use of resources. The mulberry dike—carp pond resource system of the
Zhujiang Delta contains at first sight an extremely complex range of matter and energy
linkages among pond, dike, and the general environment (Fig. 2). but in reality the
components of the system are amenable to relatively easy integration.

At the heart of the system is the pond. To produce or maintain a fishpond, soil is
excavated and used to build or repair the dikes that delimit the pond and produce the
essential inputs for it. Prior to being filled with water, the pond is prepared for fish
cultivation by clearing, santtizing, and fertilization (see above), the required inputs
being lime and tea-seed cake, which derive from the general environment, and organic
manure, which 1s procured from the animal husbandry and subsvstem on the dike.*
Under natural conditions, soil and organic materials gradually refill the pond through
the processes of dike erosion, but this is interrupted two to three times a year when
organically enriched pond mud is dug from the pond and used to fertilize and build up
the upper surface of the dike. Pond mud 15 also used to make mud-beds for mushroom
cultivation on the floor of the silkworm shed in winter, when silkworms cannot be
raised.

The pond is then filled, through the inlet channel, with river water, which bears
nutrients, pollutants, fauna, flora and disease organisms. Water also enters directly as
rain as well as through run-off from the dike. Water, enriched with additional nutrients
and bearing pollutants, fauna, flora and disease organisms, leaves the pond in
controlled discharges via the pond drainage outlet. Water is also lost through
evaporation and transpiration, and via seepage into the dike, as well as being removed
at regular intervals for the irrigation of the crops planted on the dike.

Fish, in addition to the fry and fingerlings that enter with the river water, are stocked

* Capital, labour. organization, technology, and other such inputs are assumed as given
throughout this section.
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in the pond (see above). Some fish of marketable size are consumed locally but most
enter the market; 70 per cent of the fish produced in Shunde County, for example, are
sold live, mostly to Guangzhou, Hong Kong and Macao. Fish sales contribute the
largest source of income to the region’s agricultural sector, the Zhujiang Delta yielding
90 000 t yr~! of fish (1979), or 50 per cent of the total production of Guangdong
Province, and 80 per cent of the nation’s live fish exports (unpublished statistics of
Foshan Prefecture). Fish waste is used as pond fertilizer, and fish scales are used to
produce gelatine.

A range of linked subsystems functions on the dike. Mulberry and sugarcane, planted
in alternate years, are the main cropping subsystems. Mulberry cuttings, obtained from
the general environment (i.¢. off any given dike) are planted on the dikes fertilized with
pond mud and irrigated by hand with nutrient-rich pond water. The principal objective
pf mulberry cultivation is to produce leaves used as forage for silkworms. Mulberry
bark is also harvested for making paper and, after pruning, the branches are used as
sticks to support climbing vegetables, or as fuelwood.

Inextricably bound up with the mulberry subsystem is silkworm raising. Silkworms
are raised in special rearing sheds in the settlement and the cocoons sent to the filature
i the nearby urban centre for yarn production, most of which enters international
commerce. Waste water, together with cocoon waste and dead larvae, is returned from
the filature and used to enrich the fishpond and feed the fish. Silkworm excrement is
removed from the rearing sheds and used in the pond as fish feed.

During the off-season for silkworm production mushrooms are cultivated on mud-
beds, prepared from pond mud, on the floor of the silkworm rearing sheds, using spores
obtained from the general environment. Mushroom ‘buttons’ are both consumed
locally and marketed fresh, bottled or canned. The nutrient-rich mud-bed on which the
mushrooms are raised is used to fertilize those sections of the dike on which vegetables,
fruit trees and grasses are cultivated, after the final crop of mushrooms has been
harvested.

Vegetable and grass production is a fundamental component of the dike-pond
system, providing both essential food for the fish and vegetables for home consumption
and marketing. These crops are also fertilized with pond mud and used mushroom
mud-beds, and irrigated manually with pond water. Gourds and melons, trained on
trellises over the pond, provide shade, and when necessary the vegetable gardens
themselves are shaded using old sugarcane leaves. Small groves of bamboo are also a
fundamental part of the systemn and previde construction materials and poles that are
used to fabricate baskets, traps, screens, and trellises and frames which are basic tools in
pther subsysteins, as well as providing wasle used as fuciwood.

Sugarcane, some of which is either annually or biennially rotated with mulberry, is
also an essential subsystem in the dike-pond complex. The principal product is of
course refined sugar, but ancillary products used as inputs to the dike-pond system are

oung leaves fed to the fish and to pigs; old leaves that provide screens to shade crops,
Eoofmg thatch and fuel, and roots used as fuel. Refinery wastes are returned to the
ike-pond in the form of animal and fish feed.

Pigs, raised mainly to provide manure but also for meat and ancillary products, are
kept in styes constructed on the dike. Young stock is either obtained from the external
environment or bred locally. External inputs to the subsystem consist principally of
feedstuffs from the sugar refinery as well as occasional medicines and other similar
requirements. The concentrated feed requirements of pigs are met by feeding weaned
piglets a diet of greens, particularly aquatic macrophytes such as water hyacinth, which
are assiduously cultivated under a separate subsystem, sugarcane tops, and other
vegetable waste. Pigs are regarded as ‘walking fertilizer factories’ and their faeces and
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urine are the essential fertilizer of the fishpond. Animal dung, mixed with coal dust and
dried, is also used as fuel.

The basic food (apart from rice) and shelter needs of the human settlements in the
dike-pond district are met from the system itself. Basic local food sufficiency assures a
balanced diet; fuel needs are met largely from waste products; and bamboo and dike
mud (used to manufacture unglazed bricks and tiles) provide the basic materials for
housing and furnishings. Other basic social and physical needs are satisfied within the
commune. In addition to providing fundamental inputs into the dike—pond system in

-the form of capital, labour and technology (in conjunction with the higher-order
organized social units) human settlements provide excrement, urine, and other
household wastes that form basic organic inputs into the fishpond.

Conclusion

The mulberry dike—carp pond represents a highly intensive, integrated aqua-
culture/agriculture system in which many outputs of subsystems constitute the
inputs for other subsystems. In this way not only is the medium for the growth of fish
and crops provided, but so too is the environment in which their food and fertilizer
requirements are produced. The system thus results in high yields of ali commodities
produced, a wider range of products per unit area of land than could otherwise be
obtained, and lower costs for inputs, which, in the absence of integration, would be
imported from outside the system, usually at considerable expense in terms of capital,
time and labour. In conventional, semi-intensive fish farming, for example, under
systems not integrated with either crop production or animal husbandry, supplemen-
tary feed usually accounts for 50 per cent of the total farm operating budget (Schroeder
1979}, and pond fertilizers and other inputs for the field crops comprise a large item of
the budget of a non-integrated farm. In addition to the economic benefits afforded by
integrated systems, integration is also beneficial to the environment in that it solves the
problems of organic waste disposal in a sanitary manner and obviates the in situ
toxicity and downstream residue problems that arise from the incorrect use of organic
fertilizers. In the dike-pond system of the Zhujiang Delta, integration exists
exogenously between the pond, the dike and the general environment (see above), and
endogenously within each of these elements.

Integrated systems of aquaculture and agriculture, such as that of the Zhujiang
Delta, have many obvious advantages over those that are not integrated. Principal
among them are that pund fertiiizers and fish feeds are producedlocaliy and at low cost,
thereby almost eliminating the uncertainties of supply and greatly reducing the costs
commonly associated with the use of compounded feeds and inorganic fertilizers.
Hence profits from the cultivation of fish are increased by as much as 30-40 per cent in
the People’s Republic of China (FAO 1979). By using pond mud as fertilizer for the
crops, soil fertility and crop yields are raised without the expense of inorganic fertilizers.
In national terms these savings are considerable when it is realized that an estimated 30
per cent of all agriculural fertilizers used in the PRC are derived from fishponds (FAO
1979); and, as a consequence of integration, the human consumer is assured a regular.
and balanced diet as well as a high degree of self-reliance in a wide range of foodstufls
and raw materials.

The different types of agricultural activity involved in complex integrated agro-
ecosystems call for a diverse range of skills, and, on the scale practised in the Zhujiang
Delta. also require a large, well-organized labour force. Moreover, integrated systems
of such complexity can only be operaled on a large scale. Under such systems the



K. Ruddle, J. I. Furiado, G. F. Zhong and H. Z. Deng 61

economic results from any one component are not viewed as important; instead,
maximizing the returns from the whole is the objective.

Thus the dike-pond system is ideally suited to the densely populated Zhujiang Delta
and to the social and political organization of the PRC. Further, in biological and
physical terms, the region is well suited to the assemblage of animals and crops that
together form the mulberry dike—carp pond system. These topics will be analysed in
detail in later papers.
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Energy Exchanges and the Energy Efficiency of
Household Ponds in the Dike-Pond System
of the Zhujiang Delta, China

Kenneth RuppLe*, DEng Hanzeng** and Lianc Guozhao***

INTRODUCTION

In the Zhujiang Delta of South China an integrated system of intensive
agriculture and polycultural aquaculture has evolved during the past two millenia.
In the central delta, south of the city of Guangzhou, and centering on Shunde
and adjacent counties, this system now covers an estimated 800 km2 and supports
some 1.2 million persons. The system is composed of three essential components:
fish ponds, mulberry dikes and sugar cane dikes. The individual components
of the dike-pond system are tightly linked together by energy and materials
cycles: plant and animal wastes feed the fish and fertilize the pond; organically
rich mud is dug from the pond bottorn and spread three times a year as a fertilizer
over the dikes; and throughout the year run-off from the dikes gradually returns
the mud to the pond bottom, where its nutrients are restored. Apart from
natural processes of dissipation, energy and materials are removed from the
system only in such economically useful forms as the fish, silkworm cocoons,
sugar cane, vegetables and pigs sent to market [RupDLE ef al. 1983; RupDLE
et al. nd.}].

The fundamental concept underlying highly intensive, integrated
aquaculture-agriculture farming systems is that many outputs of sub-systems
become inputs for other sub-systems. Thus in the dike-pond system of the
Zhujiang Delta not only are the inedia for the growth of fish and crops provided
but so too is the environment in which their food and fertilizer requirements are
produced. This results in higher yields for all commodities produced and a wider
range of products than could otherwise be obtained. It also results in lower
costs for inputs, which, in the absence of such integration would have to be
imported from outside the system. '

Gradually, however, this traditional tight recycling within the dike-pond
system is being supplemented by an import of energy and materials from outside
sources. This is particularly evident in the pond component, where chemical
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»#+ Guangzhou Institute of Geography, Chinese Academy of Sciences



prophylactics are replacing those traditionally used. and factory-produced
concentrated fish feeds are supplanting sugar refinery waste.

In previous articles the evolution and structure [RupDLE ¢f al. 1983), labor
supply and demand [RupoLe 1985a) and household economics [RuppLe 1985b]
of the dike-pond system of the Zhujiang Delta have been examined. This article
offers a preliminary analysis of energy exchange as one of the ecological bases
for system integration. Analysis of the encrgetics also permits evaluation of the
efficiency with which individual households utilize the material resources
available to them. Such an evaluation is of major importance in understanding
the rationality of household decision-making under the independent management
introduced by the “househnld rzsponsibility sisrem™ of farming.

To understand how those fundamental processes operate in the dike-pond
system of the Zhujiang Delta field experiments were conducted on energy exchange
and materials flow. In terms of these processes the dike-pond system is
inherently extremely complex, thus for experimental purposes a simplified model
was employed. In this model the systemx was divided into the fish pond and
mulberry dike sub-systems, linked by the silkworm sub-system.? The inputs
and outputs of each sub-system were the focus of the field research.

METHODOLOGY

Biological and physical research concentrated on the quantitative analysis
of energy exchange, for which the following parameters were measured from
April, 1981 until September, 1983, using standard field techniques:

(1) Solar radiation, net radiation on the dike and over the pond, reflex radiation
and photosynthetically active radiation (PAR) on the dike and beneath the
pond surface;

(2) Air temperature gradients, humidity and wind speed over the dike and
pond, pond water temperature at selected levels, dike soil temperature and mois-
ture content at selected levels, and the dike soil heat flux;

(3) Evaporation from the pond surface, precipitation, interception of rainfall
by the mulberry canopy and mulberry stem flow;

(4) Pond water levels; and

(5) Primary productivity of the pond, fish production, productivity of
mulberry, mulberry detritus fall, and silkworm productivity.

Samples of soil, pond water, pond mud, mulberry parts and silkworm
excrement were analysed and their nitrogen and carbon contents measured.

For solar radiation an MS-42 pyranometer (EKO Instruments, Japan) was
used to measure global radiation, a LI-190SB quantum sensor (LI-COR, USA)

1) Other types of dikes, such as those planted to sugar cane or vegetables, lack the linking silkworm

component.
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was used to measure the PAR, and a LI-193SB (LI-COR) underwater spherical
quantum sensor was mounted 30 cm below the pond surface to measure under-
water PAR. Qutput of the MS-42 was integrated using an MP-060 integrator
(EKO Instruments} and those of the LI-190SB and LI-1935B with two LI-550B
integrators (LI-COR), for a period of one hour.

Analysis. of the biological and physical characteristics of the system required
that a semi-permanent field laboratory be established and that sophisticated
instruments be placed on dikes and ponds for three years. Given the nature
of dike-pond operations together with a lack of space, inadequacy of electricity
supply, relatively poor access and other physical difficulties, it was impractical
to build a laboratory in a “‘typical” village. Further, since the social organization
of resource use was undergoing major changes during the time of research there
was a risk that particular ponds and dikes could not be monitored continuously
for a three-year period.

A permanent two-storey building equipped with a laboratory, instrument
recording room, dormitories and living facilities was therefore constructed adjacent
to the ponds and dikes to be monitored, in the grounds of the Agricultural
Experiment Station of Leliu Commune, Shunde County. This decision had
no negative impact on research results since the production dikes and ponds
monitored for the project were typical of the area, being used by the Station per-
sonnel both for their own sustenance and as a bascline against which to compare
experimental results.

Household data are based on interviews conducted with 7 percent of those
comprising the First Production Team of the Nanshui Brigade of Leliu Commune,
Shunde County. In a previous article dike-pond capitalization and management
was analyzed, as was the rate of economic return on labor and emerging
differences among households as a consequence of the rural reforms recently
implemented in China [RuppLe 1985b]). As in that article so in this analysis of
household energy efficiency emphasis is placed on the fish pond, since this element
constitutes the ecological core of the entire dike-pond system. To facilitate
comparison with the earlier economic analysis, the parameters of the four
household ponds used here are the same as used previously [RuppiLe 1985b}.

Annual excrement and urine production rates used to calculate houschold
pond annual loading rates and therefore energy transfers were, for humans,
0-7 yrs, 175kg; 8-15yrs, 350kg; 16+ yrs, 700kg. The average annual
production of excrement and urine per pig was taken as 2.7t [Unpub. data,
Biogas Research Unit, Xinbu Brigade, Leliu Commune].

EMPIRICAL MEASUREMENT OF ENERGY SUPPLY TO THE SYSTEM

Energy passes through the complex food-web of the dike-pond system and
undergoes a series of exchanges as it flows among the sub-systems. It forms a
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complex flow which is exported in various forms and via various pathways of
the system. Some energy exports, such as those stored in silkworm cocoons or in
the fish, are of economic value. Others, like losses in the form of radiation, have
no economic worth.

As with all ecological systems, solar radiation is the energy source that drives
the dike-pond system. This energy enters the system via three pathways:

(1) Absorption by the dike crops, which convert solar energy into chemical
energy during photosynthesis;

(2) Absorption by phytoplankton in the pond, and conversion to chemical
energy via photosynthesis; and '
(3} Direct inputs into the pond of chemijcal energy siored in plant maieriais
and waste products, used, respectively, as fish feed and pond fertilizer.

The annual global radiation in Leliu Commune is 4.83 x 103 M]J/m2.2
The maximum monthly global radiation occurs in August and the minimum in
February. The annual PAR is 2.31 < i03 MJ/m?, or about 48 percent of the
global radiation.¥ The annual PAR cycle is almost the same as that of the
global radiation (Fig. 1).

(1) Exercy ApsorpTioN BY DIKE CRrors

The annual solar radiation reaching the crop canopy is about 48.5x 108
M]J/ha, of which the PAR accounts for 48 percent {ie, 23.1 x 106 M]J/ha).
During the growing period the PAR intercepted and absorbed by the mulberry
canopy is 16.2 x 108 M]/ha, or about 70 percent of the annual PAR. Thus when
mulberry dikes yield leaves at a rate of 30 t/ha/yr, the energy stored in the actual
net photosynthesis products is 283.2x 103 M]J/ha/yr, or 1.75 percent of the
PAR absorbed by the canopy during its growth period.

Other crops cultivated are more efficient utilizers of PAR. On sugar cane
dikes yielding at 90 t/ha/yr the radiation converted into chemical energy stored
in the actual net products is 628.14x 103 M]J/ha, or 2.7 percent of PAR; and
on dikes yielding Elephant grass at a rate of 187.5 tfha/yr, the energy stored is
about 948 x 103 M]/ha, or 4.1 percent of PAR.%

2) MJ= Million Joules.
3) Of the three main regions into which solar radiation is usually divided, the visible spectrum,
from 400-700 nm, plays a fundamental role in photosynthesis. It is therefore designated as

Photosynthetically Active Radiation (PAR).

4) The energy utilization cfficiency of sugar cane and Elcphant grass is higher than that of mul-
berry, since they are C-4 plants, whereas mulberry is a G-3 plant. The former has a much
lower CO3 compensation point and much lower light saturation than the latter, hence it has
a much higher productivity. C-4 plants apparently lack photorespiration when photosynthe-
sising under optimum conditions, thus they have very high rates of COg assimilation compared
with most C-3 plants [ETvERINGTON 1982). The maximum recorded annual yield is 85 t/ha
dry matter from Elephant grass in El Salvador and Puerto Rico, where the efficiencies of solar
encrgy utilization were 5.4 and 4.9 percent, respectively {CoupER 1975]). In our case from
the Zhujiang Delia the dry matter yield of Elephant grass is about 43 t/ha (i.e., in the middle

rank}.
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(2) EXNERGY ABSORPTION BY PHYTOPLANKTON

Phytoplankton is the main producer in the pond, and therefore plays a
fundamental role in fish cultivation. It comprises the food for Silver carp, and
sustains the zooplankton consumed by other fish, such as the Bighead carp.

The average albedo of the pond is about 8 percent. Thus the annual PAR
penetrating the water surface is 21.3<105 MJ/ha, of which approximately
67 percent is absorbed by phytoplankton. The net primary production of
phytoplankton is about 22.4t dry matter ‘ha/yr, in which the energy stored is 375.3
x 103 MJ/ha. The efficiency of PAR utulization is approximately 1.6 percent,

Owing to an abundance of plankton and suspended matter water trans-
parency is only 30-40 cm, therefore the incident irradiance is attenuated rapidly
and 30 cm below the water surface PAR is only 0.25 2108 MJ/m?, or Il percent
of that received at the surface. As a result primary productivity i1s low, because
photosynthesis by phytoplankton is restricted to the first 50 cm of the water

column.

(3) CheEmicaL ENerGy INpuTs TO THE Ponn

The silkworm sub-system provides the energy linkage between the mulberry
and pond sub-systems. It absorbs energy stored in harvested mulberry leaves,
and, since most outputs of silkworm rearing enter the fish pond as a mixture of
mulberry leaf waste and silkworm excrement (cansha), transmits the encrgy to
the pond. In gencral, some 73 percent of the mulberry leaves supplied is
consumed by the silkworms. Together with silkworm excrement the remaining
25 percent of unconsumed leaf debris is dumped into the pond.  When 30 t/ha/yr
of mulberry leaves is fed to silkworms 16.2 t of cansha is produced, in which the
energy stored is 97.65 x 103 M], or 66 percent of that supplied to the silkworms.

The fish pond is the most complex component of the entire dike-pond system,
since it has the most ramified structure and complex food-web. This is mirrored
in a complex pattern of energy flow.

Energy enters the pond along four principal pathways: —

(1) Via solar energy converted and stored by phytoplankton;
(2) Via energy stored in the cansha;

(3) Via energy stored in crops used as fish fr-cd and

(4) Via energy contained in other feedstuffls and manures.

Total energy input in the control pond is 333.3x10% M]/hafyr,
106.3 x 103 (31.9 percent) . of which is stored in concentrated feeds, 21.3 x 103
(6.4 percent) in pig manure, 99.3 % 10% (29.8 percent) in cansha and 106.3 x 103
(31.9 percent) in the green fish feeds. Energy stored in the annual net primary
production is another main energy source for fish. The total energy input to
the fish is therefore 708.6 x 103 MJ/ha/yr. Of this, 375.6x 1023 (53 percent)
is derived from phytoplankton, 106.2 x 103 (15 percent) from green feeds, 99.2 X
108 (14 percent) from cansha, 21.3x103 (3 percent) from pig manure, and
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106.2 x 103 (15 percent) from concentrated [eeds.

The energy intake by the fish accounts for only 32 percent of the total energy
input to the pond. Some 72 percent of this intake energy is absorbed, and the
remainder output with fish excrement and in the process of respiration. The
encrgy stored in an annual total fish yield of 7.5 t/ha is 40.83 x 103 MjJ/ha, only

about 5.8 percent of the total input.

MODELLING ENERGY FLOW

Based on those observed rates of energy exchange in the control pond a
simplified system of energy exchange in the dike-pond system can be modelled.
In this model two energy inputs exist, solar energy and that contained in the
various feeds which input to the pond energy from other sub-systems. There
are two main encrgy outputs: the aggregate economic output of products and
natural losses.

A two-way energy exchange system exists between the dike and the pond.
Energy enters the pond via materials grown on the dikes and then fed to the fish,
and, in the case of the mulberry dike, via silkworm excrement. This is then
returned to the dike in the form of pond mud. However, the energy contained
in the mud cannot be utilized directly by the crops.

In this model a 1 ha mulberry dike-pond system is assumed in which 50
percent of the area is dike and 50 percent pond. Of the former, 0.45 ha is
planted to mulberry and 10 percent, or 0.05 ha, under Elephant grass. During
the winter rest period vegetables are interplanted with the mulberry. The
following crop yields are assumed: mulberry leaves 30 t/ha, silkworm cocoons
2.1 t/ha, Elephant grass 223 t/ha and vegetables 3.75t/ha. It is further
assumed that 80 percent of the vegetive matter harvested is used as fish feed and
20 percent consumed by humans. Approximately 16t of waste is produced
per ha of mulberry. It is assumed that all is put into the pond. Finally, the
net primary production of phytoplankton is taken as 22 t/ha (dry weight).
Thus from these sources the total energy supplied to the pond to produce fish is

288.42 % 103 M].
Based on the energy conversion rate of fish (vide supra), an additional

65.88 % 103 MJ of energy must be added to the pond in order to harvest 3.75 t of
fish from 0.5 ha of ponds. This can be done by adding externally-produced
concentrated feeds, and pig excrement from within the system.

The total energy input of 354.3 x 103 MJ required to attain a fish production
of 7.5 t/hafyr is composed ol 187.8 x 102 (53.0 percent) from phytoplankton,
43.9 x 103 (12.4 percent) from cansha, 56.7 x 103 (16.0 percent) from green feed,
10.9x10% (3.1 percent) from pig excrement, and 34.9x103 (15.5 percent)
from concentrated feeds (Fig. 1). These modclled estimates align closely with

those derived from the field analyses (Table 1).
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Table 1, Summary of Observed and Modelled Encrgy Inputs to
the Control Pond

; Qbscrved Modelled
Input e e S - —
j > 103 I| %% o x108 %
Phytoplankion | 375.6 | 53.0 . 1878 53.0
Green leeds ; 106,2 15.0 ' 36,7 16,0
Silkworm waste | 99.2 | 140 4.9 12. 4
Pig excrement ; 2.3 | 1.0 10.9 3.1
Concenlrates l 106.2 ! 15,0 . M9 15.5

In this system there are 5 principal energy paths:
() PAR — Mulberry leaves —» Silkworms (— Cocoons)

(¢ansha) — Fish
(2) PAR — Vegetables
i— Fish;
(3) PAR — Elephant grass — Fish;
(4) PAR — Phytoplankton — Fish; and
() Additonal fish feed — Fish.
The first path flows through all three sub-systems, the sccond and third

through both dike and pond, and the remaining two through only the pond.
Both producers and consumers are involved in the first four paths, whereas there

are only consumers in the {ifth.
The total energy input for this system amounts to 23, 181.48 X 103 MJ/ha/yr,
"most of which is solar radiation. Energy contained in additional fish feeds

Table 2. Monihly and Annual Solar Radiation at Leliu® (M]/m?)
 JAN. | FEB. | MAR. | APR. MAY | JUN.
300,67 | 347.99 | 430.07 ; 192. 04

|
6 378,14 224.87 |
PAR | 16963 | 103.45 | 139.90 166.70 | 210,51 | 239,58
PARy | 1466 | 1L73 | 26.38 17.17 22.61 22. 19
T JuL. | AuG. | SER. | OCT. | NOV. | DEC. |ANNUAL
Q 537.60 | 579.56 | 469.43 | 41L.6¢ | 06.53 | 367.67 | 4846.30
PAR | 266,38 | 7.73 | 229.52 . 19476 141.57 160.83 | 2311.56
PARy 27.6¢ | 2848 | 23.03 16,33 17,59 16.75 { 2.5

Table Notes:
(1} Average of 1981 and 1982.
MJ = Million Joules.
Q ==Global Radiation,
PAR =Photosynthetically Active Radiation.
PARw=PAR measured in pond water at 3¢ cm depth,
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Table 3. Energy Budget of Primary Production in the {(Mulberry)}
Dike-Pond System (103/M]/ha/yr)

Input Qutput

PAR INPUT

Fish pond 13, 557. 80

Mulberry 8,841.72

Vegetables 1, 560. 30

Elephant Grass 1, 560, 30
NET PRIMARY PRODUCTION

Phytoplankion 18+.65

Mulberry 127. 44

Vegetables 15.72

Elephant Grass 56.88
ENERGY LOSS

Radiation 6, 526. 41

Heat 16,204.5
TOTALS 23,115.60 23,115.60

derived from other sub-systems accounts for only 0.28 percent of the total.

The annual total PAR i1s 23,115.60 x 103 M]J/ha, 50 percent of which reaches
the pond surface, 38.25 percent the top of the mulberry canopy, and 6.75 percent
and 5.0 percent the vegetable and Elephant grass canopies, respectively
(Table 2). As a result of reflectance from the pond water surface and from
crop canopies, of penetration through the canopies, and of absorption by both
the pond water and the particles suspended within it, the PAR absorbed by the
main producers on the dike and in the pond (i, mulberry, vegetables,
Elephant grass and phytoplankton) amounts to 16,589.20 x 103 MJ/ha.

Owing to biological and environmental limiting factors, as well as to the
physiological requirements of the producers, nearly 98 percent of the PAR is
dissipated as heat. Energy converted in the photosynthesis process and fixed
in the net primary products is 387.69x 103 M]J/ha. Of this, 48.4 percent is
produced by phytoplankton, 32.87 percent by mulberry, 4.06 percent by
vegetables and 14.67 percent by Elephant grass (Table 3). The efficiency of
solar energy (PAR) utilization is therefore only 1.86 percent. '

Of that net primary energy production, 0.73 percent is output for direct
human use, 80.2 percent is supplied to the main consumers within the system,
13.98 percent is stored in the living parts of the mulberry, and 5.09 percent
enters the soil via detritus fall and stubble.

When silkworm and fish, the two main consumers of the system, are
combined the total energy input for secondary production amounts to 376.85 x
103 MJ/ha, of which 17.65 percent is supplied to silkworms and 82.35 percent
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Table 4. Encrgy Budget of Secondary Production in the {Mulberry)
Dike-Pond System (102 M]J/hafyr)

fnput Qutput ! Stored

INTAKE ENERGY

Mulberry Leaves 66, 50

Fish Feed and Manures 310.35
ECONOMIC ENERGY i

Silkworm Cocoons . 9 35

Fish | 20, 42
LOST ENERGY o

Metabolism ' 72.49

Decomposition 132.90
STORED ENERGY

Pand Mud 141,69
TOTALS 376, 85 23.16 1+ 141,69

to fish. Most is derived from within the system itself (i.e., from net grimary
production), but 17.5 percent is input from outside (Table 4). |
- Energy contained in silkworm waste is not included within the encrgy supply,
since it flows only between the consumers. The total energy stored in the secon-

Table 5. Total Encrgy Budget of the Mulberry Dike-Pond System

(10" MJ/hatyr)
lﬁpul i Output Stored
ENERCY INPUT !
PAR 23,115.60 |
Feeds and Manures 65,88 !
ECONOMIC ENERGY f
Silkworm Cocoons Il 9. 35
Fish 1 20, 42
Vegetables ; 2. 82
LOST ENERGY '
Radiation 6, 526, 41
Metabolism 16, 273. 99
Decomposition 132, 90
STORED ENERGY
Mulberry root and stem 54. 18
Detritus Fall _ 19.72
Pond mud 141, 69
TOTALS ' 23,181.48 | 22,965.89 215. 59
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dary economi:z products equals 29.77 %103 MJ/ha, of which 31.4 percent is
from cocoons and 68.6 percent from fish (Table 4). Thus the total secondary
economic energy utilization efficiency is 7.9 percent, a much higher figure
than for primary production.

The energy contained in silkworm waste is not dissipated because it is re-used
by the fish. Unconsumed fish feed and fish excrement reach the pond bottom
and combine with the sediments. There, through a series of biochemical and
chemical processes, part of the energy contained in the sediments is released with
various gases, and the remainder stored in the mud, which is then periodically
returned to the dikes as fertilizer. This feedback accounts for 37.6 percent of
the total secondary energy input. But it cannot be utilized by plants directly.
The energy dissipated as heat during the metabolic processes of the consumers
accounts for 54.5 percent.

Thus of the total energy input to the dike-pond system 28.15 percent is
lost as radiation together with 70.78 as heat and with gases, and 0.93 percent
is retained in the living parts of the crops, dike soil and pond mud. Only 0.14
percent is output in the form of economically useful products (Table 5). The
economic energy output is 32.58 x 103 MJ/hafyr, of which fish accounts for
62.66 percent, cocoons for 28.68 percent and vegetables for 8.66 percent.

THE ENERGY EFFICIENCY OF HOUSEHOLD PONDS

The efhiciency with which pond inputs and phytoplankton are converted
to fish in ponds contracted by individual houscholds can be compared in cnergy
terms (Table 6). For this purpose the research station pond in which field
observations of energy exchanges werc made is used as a control that represents
standard pond management practises employed in the region under the former
collectivist system of resource management. Variations {rom this standard
level manifested by the ponds of the individual houscholds, which are now free

Table 6. Energy Conversians in Fish Ponds for the Four Households and the

Control Pond
e e e s
i A B I C E .
; Excrements Grccn Feeds ;COnccntratcs A-{'l—-gtilc QOuiput | Conversion Rate
TV 3 i TC/D 3 ! :
108 JD 108 'B,D! 108 1C/D 10 103 D:E C:E

MJ/bal 9 \U;’hai o ;M];ha1 % | MJ/ha | MJ/h AtE . B:E

HH 1) 340.23 38. 6 535. 95/ 60. 9 4.29' 0.5 880.47 41, 22 !2! 4:1 8.3:113.0:1] 0.1:1

HH 2, 366. 25J 48. 2| 253. 35{ 33. 3I 140, 41| 18.5 760.01 | 41.22 IIB 4:1, 8.9:1 6.2:1i 3.4:1

HH 3| 562. 47, 68. l 102. 10‘ 12. 4! 160. 60 19,5 825,17 38.39 j21.5: 114-.7:1i 2.7:1 4. 2:1

HH 4 185.34) 61, 7. 114, 83| 38. 3$ -—I 300.17 | 28.86 110.4.1 6.4:1: 4.0:1 -
[

CP | 120. 66 36. 2 106. 32l 3l 9I 106. 32f 3L 9: 333.30 1 40.83 I 8.2:1 3.0:!: 2.6:1‘ 2.6:1

Note: HH=Houschold, CP = Control Pond.




Table 7.

Supply of Inputs to Household Fish Ponds

Actual Application Rates

Extrapolated Rccommcndcd‘f.fncs“ .
Tnput Appication Produced by Household Supplicd Externally
| (t/hajyr) e e Pt e T t/hafyr Actual
: (1) $) (%) (t) (%) %)
5 HOUSEHOLD |
A: EXCREMENTS !
Pig i 151, 50 42,00 127,92 8+.0 8.00 24. 36 16.0 65.0 214
Human ‘ 10. 60 1.84 24,24 52.5 .66 21.94 47.5 ) )
B: GREEN FEEDS |
Elephant gras 7.58 290 A 76 100, 0 0.00 0.00 0.0
Kitchen and lield waste 13,60 2.25 0.76 50.0 .25 0.76 50,0 52,5 17.3
Sugar cane waste l 60. 60 0.00 0.00 0.0 20,00 253,80 100, 0
C: CONCENTRATES ! .
Concentrates 0,27 0.00 0.00 0.0 0.09 13,70 100.0 6.3 2.1
| HOUSEHOLD 2
A: EXCREMENTS
Pig 113,60 22.50 101, 52 100. 0 0.00 0.00 0.0 516 10,2
Human 25.60 3.07 66, 98 100.0 0.00 0.00 0.0 ) ’
Silkworm 8. 30 1.66 42, 26 100.0 0.00 0,00 0.0 0.0 0.0
B: GREEN FEEDS
Elephant grass 12.60 2.50 50. 76 100.0 0.00 0.00 0.0 12.6 2.4
Sugar canc wastc 25,20 0, 00 0.00 0.0 5,00 30,76 100. 0 4,2 0.8
C: CONCENTRATES
Concentrates 8.83 0.00 0.00 0.0 1.75 507,61 6.7 1.3

100.0
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A: EXCREMENTS

HOUSEHOLD 3

Pig 229, 50 22,72  45.68  100.0 0.00  0.00 0.0 .6 co
Human 30, 10 2,98 39.2%  100.0 0.00 0.6 0.0 ' '
B: GREEN FEEDS

Elephant grass 25.25 2,50 50,76  100.0 0.00  0.00 0.0 25.2 2.4
C: CONCENTRATES .

Concentrates 10, 10 €.00 0. 00 0.0 1,00 152,28 100.0 6.7 0.6

HOUSEHOLD 4

A: EXCREMENTS | |

Pig 34,09 £50 1371 1000 | 000 000 0.0 5.6 6.0
Human 34.84 460 6.0+ 100.0 | 0.00  0.00 0.0 ' :
B: GREEN FEEDS |

Elcphant grass 28, 40 375 .04 1000 | 000 000 0.0 .4 3.7
C: CONCENTRATES '_

Concentrates 0.0 0.0 0.0 00 | 000 000 0.0 6.8 0.9

21Qa0 Y
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to select rates and types of inputs [RuppLe 1985 a and b], are thus a reflection
of the individual household’s perception of the relative value of different pond
inputs in fish production, or of the inputs available to the household or that can
be afforded by it.

In this analysis the same four households (HHsl-4) examined in previous
articles [RuppLe 1985 a and b} are again used. Each household pond is of a
different size (0.33, 0.198, 0.099 and 0.132 ha for HHs 1-4, respectively), thus
all measurements of inputs and outputs have been extrapolated to t/ha.

For this analysis pond inputs have been simplified [¢f. RuppLe 1983b]
(Table 7) and houschold pond energy efficiency is measured by the equation:
Fish Yield (FY)=Phytoplankton {P)<+-Excremenis (E)+4Green Feed (GF, +
Concentrated Feed (CF), in which the energy values are: P=93.4x 103 M]/t,
E=2.1x103 M]J/t, GF=6.0 x 103 M]J/t, CF=15.9 X 103 M]J/t. For simplification
“excrements’ includes human, pig and silkworm waste (canska); “‘green feeds”
includes Elephant grass, kitchen and field waste, and sugar cane waste.

The ponds of all four households are less efficient energy converters than is
the control pond. In the latter a total of 333.3 x 103 MJ/ha/yr of a balanced
mixture of inputs (36.2 percent excrements, 31.9 percent green feeds and
31.9 percent concentrated feed) vyielded 40.83x103 MJ/ha of fish. This
represcnts an energy conversion ratio of 8.2 : 1. |

The best household pond energy conversion ratio was attained by that of
HH 4, at 10.4 : 1, which compares well with the control pond figure. With a
total energy input of 300.17 x 103 MJ/ha/yr, this pond yielded 28.86 x 103 M}/ ha
of fish. It is noteworthy that this is the most traditionally managed of the four
ponds examined, in that the inputs are excrements and green feeds only. No
concentrated feed is applied. '

In contrast all three remaining ponds achieved poor energy conversion
ratios, at 18.4, 21:4 and 21.5 for HHs 1-3, respectively. Whereas in the control
pond 1 t/ha of fish can be produced with a total energy input of 44.4 x 103 M]/ha,
and in that of HH 4 56.6 x 103 MJ/ha are needed, the three remaining ponds
perform poorly. In the ponds of HHs 1-3, 116.3, 100.4 and 117.0 ( x 103 M]/ha)
are required, respectively, to produce 1 t/ha of fish.

Thus a considerable amount of the energy input to the houscholders’ ponds
is not required for fish production. In addition to being wasted, this unnecessari-
ly excessive input of material may, by raising BOD levels, inhibit fish production
by reducing levels of dissolved oxygen,

In the ponds of all four households in excess of 80 percent of the energy
input is derived from the traditionally used excrements and green feeds.
However, the relative percentages of these components vary among households
from 38.6 to 68.1 percent for excrements and from 12.4 to 60.9 percent for green
feeds. On the other hand, reflecting its recent availability, expense, and
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general lack of familiarity to local farmers, is the relatively little use still made
of concentrated feeds. None is used by HH4, it constitutes only 0.5 percent of
the energy input to the pond of HHI, and shightly under 20 percent in the two
others. In no household pond does the rate of concentrate use approach that
of the control pond, in which it comprises 31.9 percent of the total energy input.

IMPROVING THE ENERGY EFFICIENCY OF HOUSEHOLD PONDS

In the pond operated by HHI, for example, present input rates create an
excess energy loading of 547.1 x 103 M]/ha over the rate required to produce
fish at 1 t/ha in the control pond. By a reduction of that portion of the excrement
- and green feed loading accounted for by purchased inputs (Table 7), excrement
loading could be lowered by 18 percent and green feed loading by 83 percent.
This would reduce energy loading of excrement origin to 278.99x 10° M}/ha
(i.e., by 61.24 X 108 M]/ha) and that from green feed sources to 91.11 x 103 M]/ha
(i.e., by 444.84 x 102 M]J/ha). This would give a total energy reduction of
506.08 x 108 M]J/ha, for a total input of 374.39x 103 M}/ha. This loading is
still 41.09 x 103 MJ/ha in excess of that in the control pond.

By this simple remedial action alone a 1otal of 97.1 t/ha (29.2 of excrements
and 67.9 of green feeds) of inputs could be eliminated, as could a total
cash expenditure of 91} 8§(U.S.)/ha (Table 8). However, excrement loading
would remain excessive in this pond. This could be further reduced by intro-
ducing household supplied excrcments to the pond at a rate of 65 t/ha, and
selling the remainder (about the same rate) to other users. This would then
give an encrgy loading of excrement origin of approximately 136.5 % 103 M]/ha.

Were this action to be taken an energy dcficit of 101.4 x 103 MJ/ha would

Table B. Purchase Price of Pond Inputs, Shunde Cuunty (Aug., 1983)

Input | Price (8 [U.S.}j)
A: EXCREMENTS |
Pig | 3.05
Humun : 13.02
Silkworm 1 41.00
B: GREEN FEEDS
Elephant grass 20.30
Sugar cane waste 12.69
Household wastetD 2,00
C: CONCENTRATES® 152. 28 (264.26)
Table Notes;

{1 Category includes kitchen and field vegetable waste.
1) Prices for blended concentrate produced by the factory in Leliu Town.

Free market price given in parentheses.
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be created. This could be compensated for by the supply of 6.37 t/ha of
concentrated feed (which supplies energy at the rate of 15.9%x103 M]J/ha/t)
for a public price of 970 § or a “private” price of 1810.73 §.

Assuming that this additional input of concentrated feed could obtained at
the public price of 152.28 §/t (Aug., 1983) then the switch in pond energy sources
could be made with virtually no difference to the household economy. Further,
given the dramatic improvements in pond water quality that would result from
this change in inputs, fish yields would increase, thereby providing a greater
return on labor and operating capital than is experienced at present.

At 760.01 x 103 MJ/ha, the energy loading of the pond operated by HH 2
exceeds that of the control pond by 426.71 x 103 MJ/ha. Levels of all categories
are greater than those of the control pond. Apart from concentrates and the
sugar cane waste component of green feeds, all inputs are generated within the
family holding.

The rate of excrement loading can be reduced to 35 percent of its present
level, i.e.,, from 147.5t/ha to 51.6 t/ha. This would reduce energy loading
from excrements to 128.19x 103 MJ/ha from the present 366.25 x 103 M]/ha.
Assuming that the less expensive pig excrement were used to satisfy household
pond requirements, the sale of 25.6 t of human excrement, 62 t of pig excrement
and B.3 t of cansha would yield an extra cash income of 862.7 $(U.S.). Green
feed loading could be reduced by 55 percent by the elimination of almost 21 t/ha
of sugar cane waste. This would reduce the encrgy loading from this source to
114.01 x 108 MJ/ha, and would reduce the cash outlay on green feeds by almost
256 $ (i.e., from 319.78 § to0 63.45 §).

Concentrates are being loaded at a rate of 8.83 t/ha, giving an energy loading
about 34 x 103 MJ/ha above that of the control pond. Concentrate input could
therefore be reduced by some 24 percent to give an energy loading of 106.72 x 103
M]/ha. In other words, the rate of concentrate loading can be reduced by
2.11 t/ha to 6.72t/ha. This would result in a saving on present cash outlays
of 321.3 8, if the concentrates were purchased as the controlled public price,
or $600 if they were bought on the frec market. |

In that way, and using the same inputs, an enecrgy loading of 348.92x
108 MJ/ha - still slightly above that of the control pond - can be achieved.
This will result in three major benefits for HH 2: ~

(i) Bring in a cash income of 862.7 $/ha on the sale of excrements
hitherto put into the pond;

(ii) Reduce the actual cash outlay for purchased inputs by 577.3-856 §/ha,

depending on the purchase. price of the concentrates; and

(iii) By reducing BOD loading, enhancing DO levels and improving

water transparency (and hence phytoplankton productivity) will
increase fish yields, thus producing a greater cash income on fish sales.

The pond operated by HH 3 receives an energy loading 491.87 x 103 MJ/ha
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in excess of that of the control pond. This ove