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Whoever speaks of deserts ang steppes, certainly does not think of

fertife fields and rich pasture grounds

1

Is dgriculture in arid zones possible at all y;-apart from oasis?

‘Hundreds of years dgé-people had already learned how to establish

flourishing and productive agriculture by using the rainand the
floods which ﬁlled the dry watercourses (wacl1s) for only a few

- hours per year.

In Northern Afrlca and ini the'Middle East the remains of” zmuent ‘

{-agriculture can ea51ly be traced to this day. -

A .teamagf scientrsts-of the Hebrew University of Jerusalem investi-
gated agﬁ; rqconscructed the remains of two ancient farms i in the

Negev d‘ésert How could agricilture be practiced in a region of |

scarcely 100 mm of yearly precipitation? Can 51mllar yields-be

" attained today as well,-and can these yields sustam llfe f“rugal and_ -

modest, but free of hunger and famine?

The results of the research on both of the reeonstructed farms
JUStlﬁCd the crectlon of a new expérimental farm. The main Pucpose
of this farm was to use the- sc1unt1ﬁc results for the develupmcnt
of practical methods which can be applied'in other arid zones.
Today, the experiences, the knowledge and the methods of desert
agriculture can be demonstrated and taught on this farm of

| WADI MASHASH. The knowledge has been successfully. applied

in Afghanistan; Australia and Africa and it is hoped ‘that its use
will be spread to more and more arid reglons.

Since this form of desert agriculture is not only scientifically
interesting, but may also be of some help to check the hunger in

.arid zones, therefore churches in the Federal Republic of Gcrman‘y

— such as “Brot fiir die Welt” and “Evangelische Kirche in Hessen
und Nassau” — and in Switzerland the “Hilfswerk Evangelischer
Kirchen der Schweiz”, — took part in ;fnd financed the erection

of the farm of WADI MASHASH. The organization “Welt-
friedensdienst™ in Berlin sent the German co-workers to the farm-
and took care of them. All these sponsors of the runoff-farming
will try to help the transfer and the application of tl'us method

N\
in the future as well. i

FIELDS and PASTURES in DESERTS ought no longcr be a
Fata Morgana.

D. Helnut Hild ‘ : Hans Schaffert

Church President.of the . Secretary General of the
“Evangelischie Kirche in Hessen “Hilfswerk Evangelischer
und Nassau” Kirchen der Schweiz”

f
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|. Experimental Farm of
.Wadi Mashash

i

Geographical situation -
v .
The, desert regiog of the Negev — corre-
spondmg to the Biblical ‘South Coun-
try’ — covers an area of 12300 km?. The
«central and southern Negev belong to the
‘vast Saharo-Arabian desertbelr, which
exrends from the Sahara over the great
Arabian desert — including the Sinai and
the Negev — to the desert of Sind in
(‘India The northern Negev is a rransitiorl
region between desertr and sfeppe:
The lowland.of the Negev‘%an area of
rolling plains which are separated by
‘numerous low hills, composed of lime-
stone. This lowland has an altitude of
200—400 m above sea-level. Lorig and
broad wadis — dr} warercourses — run
'through the plaing, These “rivers’ " haye
water onlv for some hours during the o
* rainy sedson. Dften these plains are
covered with 2 2—3 m defep layer of °
loess, which is not-too salme andis  *
nearl_v stoneless. The temperature(ot the
lowtind does nor fall below 0° C,nor”
even during the’cool rainy season.
The climate of the Negev is characterized
by a hor, dry and rainless summer of
‘7—8 months and a cool rainy winter.
The rainfall during the rainy season is
sporadic and irregular — a typical feature
of desert areas —; therefore figures of
annual average precipitation such as
100—120 mm in Wadi Mashash can only
~~be used with care. During the 1971/1972
rainy season for instance 207 mm of rain
were recorded in Wadi Mashash (WM)
whereas the next season vielded only
55 mm! Both, the amount of rain and
its distribution in time are unpredicrable.
The farm of Wadi Mashash is situated
20 km south of Beer Sheba, about 60 km

<

cast of both the Ktleditcrrdnenn,and the
Dead Sea, and about 250 km north of.
the Red Sea.

- ®
[Damascus|-

General Map of the Farm °

The experimental farm of WM is located

in a valley which is 2 km broad and lies

between two ridges of about 400 m of

height.; A wadi meanders through the .
valley. Only in winter for a few hours

torrential floods stream through this
wadi from east (rain-gauge No. §) to
west (road to Beer Sheba).

Natural perennial -and dense vegetation
exists mainly in the bed of the wadi,

in small depressions and in remains of
damsJdating back to an earlier, primitive

agriculture. The foothills, slopes and
ridges carry only a scarce vegetation.
The farm was erected in three stages:
l.

Investigation of the territory, setting up
of the rain"gauges {1—15). Installation
of runoff plots (beside the rain gauges
No. 2, 3, 4, 6).

Analysis of soil samples from 40 dif-
ferent, 2.50 m deep holes. Survey of the
territory and deawing of maps:

Aerial photog,raph of the territory; one
map | : 10000, partial maps of 1 1000
00 ha of the rented tand, which covers
2000 ha as a shole; gety fenced-in with
Australian fenges(12 km). :
Sm(_e no farm house has.been planned
on,the fﬂrm, a’stofe depot.and a"room”

Tor the workers had to be bm]tn( W,

o Q. . 0ur
5 N o . °
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o o . . .
Plantation of the trees. The areas for the -

plots «— microcatehments — (“A” “to N™)
were measured. The basjgg for the rrees
were dug by means of an excdvator;

the bordqr check.between all the plots
were raistd by a tractot with a discus.

Altogether 3000 trees {almonds, pistachio”

nuts, olives) were planted into the plots.

“Each tree stands alone on an area ()f

250 m>.

3.

Sheep and pasture program. -
First, contour-catchments were built, in
w hlch pasture plants were planted ;md
sown (I—III). We planted then 30,000
range plants, which we had raised in

- plastic-bags, behind two old earth dams.

These pasture plants are supposed to
provide additional food for the tlock in

?
s 5
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() Almond ?% £

B Olive \E
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B Wadi bed
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The tree is being planted at the deepesta
point of the plot in a square basin of
3.50 x 3.50 m and 20 tm of depth.

those months of the vear in which the
sheep do not find enough o eat on the
narural pasture.

Two wrecked ancient wells (B) were dug
our and reconstructed. By means of a
generator (G) the water for the flock

is being pumped from the wells 1o the
sheepfold (S) and to the watering-places
in the wadi (T) through a 2.4 km long
water pipe. The flock numbers

300 Awassi-sheep (a-fat tail race which
stores up ro 10 kg of far in jis rail). ;

According to the topographical condi-
tions we laid out ficld blocks containing
10—500 microcatchments (see the design).

» -

A Construction for the Collecting and
Measurement of Runoff-water and a
Design of the Microcatchments for, the
Trees :

Before runoff farming can be started the
following facts have to be®pwn:

/\\'erage an,nuai r‘:fmtall, p Design of the distribufion of Microcatchments 4 A5m L .
Amount algrunoft as perkentage approximate scale 1:1000 123 134  1.32 1.34

of rain, . T - basin (3.5x3.5 m)

. . 17 .

Chemical and mechanical Yempo- . ™ o

o . . _\»1.17 126 134 E1.38
sition of soil.

21 rain gauges were set up all over the v

area. 6 devices for the«qﬂ]@g\of .

runoff-warter were builr. | ~

diversion dam 20-30 cgligh

1.20 128 =137 5140

border check of the microcatchments
Such a device consists of two plots of

20 m? each. When it rains, the loessial *
soil forms irs tvpical crust, and the water
flows in the direction of the natural
slope. At the end of the plot a small
conduit collects the water and leads ir
into a rank of a capacity of 500 1. After
every rain the amount of precipitation
collected in the rain gauges is being
measured, the warer is bailed ourt of the
runoff tank and measured, and thus the

1.20 Eli2e 1.37 1,45

earth dug out of the basin

1.15 E1.31 F1.39 FH149

pits for soil samples

116, E134 B=141 E150

118 Ew.u E=1.41- E=1.50
—_— = g

1.22 133 135 [1.40
percentage of unoff-water can be deter- ' = g =
mined. ®

118 195|135 l149
Example: On the 24th April 1971, = g =
10 mm of rain were measured ar the. !

F0.80 m+ 111 121 [130 |14t

runoff-plor No. 4. 6.8 mm ran off, thar

is 68%7y, Had there been a tree instead

of the tank, it would have received 1361
of water with a precipitation of 10 mm.
[63%p of 10 mm = 6.8 mm x 20 m* = .
136 1.) (See also the table of No. 4,

Q hole for soil samples  figures of the target

receiving tank, 500 |

drainage conduit

g 2w, 20 m*
page 4). . m l
0
drainage conduit rain gauge
Based on our runoff measurements we 500 |
calculated that a tree will receive about ) . | border checks 15-20 cm high

8 to 10 m? of water from a watershed of

- a - . appr. scale 1:200
250 m? in one rainy season (about

120 mm). This amount of water guaran- . direction of the ruholi water .
tees the existence of a tree. i : e
, ;. A
. .. o
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Plot No. 4, Construction for the collecting of runoff-water. '
. Ji
T - i
Precipitation of the rainy season 1970/1971 ‘
~ Month: December 1970 !
Day: 1. 8. 10. 3. 20. | Tol
Amount: 3.0 7.0 3.0 17.0 1.0 ' 31.0 mm
Month: January 1971 ;
Day: 10. 12, l6. 27. } ; Total
Amount: \ i85 15.5 1.0 2.0 ) ] 37.0 mm
Monrth: ! February 1971 ‘ ;
Day: .- 8. 14. 22. ‘ Toral
Amount: S0 2 40 0.5 i 6.0mm
Month; March 1971 ’
Day: 13 24, - T()ml ®
Amount: _ 6.0 L0 y 7:0 mm
Month: April 1971 ) ! ‘
Day: 3. 13. 14. 15.. 24, Total
Amount: 11.0 23.0 13.0 4.0 10.0 61 mm
S together 142.0 mm

.

The amount of runoff-water collecred
during the rainv‘ason of 1970/1971 ar
one of the plots for the collecting of ™

. runoff on the farm of Wadi Mashash.

Rﬁnoff .

Day ~ Rainfall I",_cvr-
centage

8.12. 70mm O4mm. 5%
10.12. 3.0 mm 1.3 mm 4304
13.12. 17.0 mm 7.2 mm 4207y
10. 1 18.5mm  9.1mm 499
12,1 15.5 mm 8.8 mm 56%4
16.1 1.0mm 0.3 mm 30%
14.2 4.5 mm 1.0 mm  22%
13.3.  60mm . L5mm  25%
“3.4. 11.0mm  3.35mm  32%
13.-4. 23.0mm 103 mm 452
14. 4. 13.0 mm 5.8 mm 45%y
15. 4. 40mm 3.8mm 93%
24, 4. 10.0mm 6.8mm  68%
‘Annual average: 42%

On a microcatchment of 250 m2, abour
15 m? would have been collected.

Ge

| Rainfall ar rain gauge No. 2
7S

1973/ ‘

1970/ 1971/ 1972/

1971 1972+ 1973 1974
November ° — 20 160 7.5
December 31.0 980~ 45 .30
January 37.0. 3.0 31.5- 885
February 60 310 20 535
March 70 640 1.0 8.0
April 61.0 © 9.0  — 200
Total mm 1420 207.0 55.0 180.5

This rainfall taple shows that the agri-

. culture of the Bedouin which grow only

field crops (barley, wheat) can in most
years not be profitable because its warer
source is only rain and not rain and
runoff.

_Here follows a short description of each

of the above mentioned rainy seasons:

1970/1971

Though the rainfall in December and
January was favoirable for dry farming
the field crops in the Negev suffered
severély in February and March.

The 61 mm of rain in April were unusual
and too late to save the harvest.

'

1971;72

Anideal rainy season with unusually high
amount and an almost reg,ular distri-
bution of rain. ] .

N

1972/1973

A dry year as it had not occured for
more than ten years. The only flood in
January 1973 produced only little runoff
(5—21%0) since part of the precipitation
was snow and did not run off.
1973/1974

The beginning of the rainy season made
us fear a second dry year, but then from
the end of January to the begihning of

February 19 riod of unysually
long and heavy rainfathgceured. Wheart
and barley which were sovr'by the

Bedouin after the first rain in January
could not develop normally since the hot
east wind i in April stopped its develop-
ment before’it was ripe. |

‘Microcatchments and Flooded Basms
with Olive Trees ;

The microcatchments cover the area like .
a wire-petting. Though the general slope
leads towards the ridge — as the picture
shows clearly —, it is necessary to deter-
mine the deepest point for the tree in
every single plot. The plot of 250 m? is
the watershed for the tree and rmust not .
be’culitivated. Any kind of vegetation,

on the plot uses water which the tree ‘
Jacks, consequently.

After thefirst good rainy season in 1971/72
a rich vegetation had developed on the
plots and deprived the trees.of much
water. But how to destroy the vegetaticn
withoutr making the young tree suffer,
too? The next year, nature itself solved
the problem: There was so littlg rain
that ho vegetation did develop Thus the
small amount of runoff-water could be
used exclusively by the tree.

On the microcatchments no animals may
graze. It would not only be difficult to
control them, but the hoofs of the sheep




/

/

A T
and goats would destroy the crust of the
oess and thus lessen,the runoff.

Raat + .
,the basin becomes a small pool after a
"fload. The time it rakes the warer to
infiltrate 15 2—6 da¥s. Thereafter the soil
is thoroughly moistened and serves the
tree as a water reservoir for the dry
period.

From 16th Januarv, 1973 until 17th-
January, 1974 the rrees in Wadi Mashash
did not get any flood. During this entire
vear the trees lived bv their “water-bank
and flourished. When the water has
infiltrated, the basin must be hoed or
tilled, after every tlood.

”

Afrer this treatment the upper 20 cm pifs
the soil dry out. This promotes roor
respiration, furthermore it destrovs the
capillary system and thus checks evap-
oration-from the soil to a grear deal.
The growing weeds can be largely
reduced, too, if the basin is hoed. It is
absolutely necessary to control all the
fields afrer every tlood 1o be able to
repair immediately small damages of the
plots. For even little breaches in a dam
can derange the whole construction, _

because then the-flood water rushes in,

" a chain reaction from pldt to.plot.

Wells and Cisterns

The trees and range plants do #ot need
any additional warter apart from rain
and floods. But for the collaborating
Bedouin and their flock as well as for
the sheep of the farm itself one must
provide secure warter reservoirs all
through the vear. Within the territory

of the farm there was no well and no
cistern that could be used. By means af
the geo-electric method we searched the
wadi and the surrounding pasture-
grounds for ground-water, but we failed!
Then the Bedouin showed us an old well
filled up. We dug this well out, but
even with a hand pump and with a

great amébunt of effort it gave so little
warer, that not even the Bedouin were
interested in using it.

The Bedouin dug our a second wellall
by themselves — it also had been filled
in by gravel and boulders of the wadi.
This well is 4 meter deep wich a di-
ameter of 1.2 m, it is built of well
preserved unhewnn stones, and dates
probably back to Turkish times. It is
situated near the bed of the wadi, and
it provides 2 to 3 m* of good drinking
water daily, even in periods of extreme
drought. At a shart distance of these

two wells a third well was known to
exist. (May be this well is idéntical with
the “Bor Mashash™ which odcurs on old
maps of the Negev.) It, too, was almaost
completely filled in and was scarcely
recognizable as a well. We had ro dig
out more than 100 m* of mud, earth,
stones and gravel in manual work.

After the excavation the well is 12 m
deep with a diameter of 3.80 nv, but it
produces only 1000 1 in the dry season.

The two larter wells guarantee the
supply of drinking water for the farm
of Wadi Mashash.

In plastic pipes of a length of 2400 m
the warer is being rransported from the
wells to the sheep-fold and to the
watering points in the pasture-grounds.,

After some months of experiments ‘with
different pumps and generators we
hought a Lister-Generator (8 kilowarr).

Two suction pumps bring the waterup
from a depth of abour 8 m apd~rhcn
pump it upward agairst a gradient of

20 m over the 2.5 km of the pipcline to
the watering-points at the sheep-fold and
in the pasture-grounds.

o




*. been set up both bepide thesheep-fold

As 2ap additional qojrce of water \\'e

“store 200 m

A water-tank of 2,000 | capacity has

and in the pasture-grounts. i
; , J
N . \ 1

restored two ancient cisterns hewn into

imestone rdck which in the

973/74ifdr the first time filled
ff water. Each cistern' can

the sof
winter o
up with rut

- A - :
Cisterns as Reservoirs |
‘ -

. N
The cisterns in the Negev are easilyYre-
cognizable from far away by the pre ence’
of high mounds of loose white silt
alongside them. These mounds are thk
result of cleaning operations when the
“accumalated silt in the icisterns is
cleared dut and piled nearby. Every
cistern has one or more channels which
lead the runoff-warer from the neigh-
bouring hill.into the cistern. Gently
sloping the channels lead down the hill,
collect all the runoff-water which
streams down the s]opcéand-lead it
through a small openmg into the roofed
_rock cistern.

This closed water reservoir is well
protected dgainst pollution and evap-
- oration. R \

In front of the opening a small silting
basin holds back parr of the sift-and-
dirt:carried by the water. i o

LY H
As we have already mentioned above
v both cisterns in Wadi Mashash were
\(ﬂled with water in the first winter after
tReir restoration. For, five months, 300
shy ep can be supplied with the water
stoted in these two cisterns.

/less susceptible to any crisis.

o

J ,
Pasture and Shefép Program
TFhe program bf the experimental farm
is, composed pf two different sections:
The tree plafitations — vegetables and
crops can b raised with the same
method —jand the sheep program.

. . . : |
One aim fwas to improve the sheep-
breedinglof the Bedouin and to make it

Among othtr things we tried to produce
additional food for the flock by planting.
strips of range plants, as the picture (p.7)
shows. When the rain causes a flood,

. the water banks up at the dam and the

/




whole area is covered with water. This
damming up provides so muchjwater
for the plants that they can be mowed
several times a year and may be stored
aslfodder for the dry months.- i

The sheep-fold we built is nothing more
than a protective roof — to give'the"
flock a shelter in the hot summeér months

and during the stormy, cold widter.

The roof of 270 m? gives shade'and pro-
tects against rain. The sheep-fold lies in
a fenced in area (1,200 m?2). The fence
protects the sheep against jackals, wild
dogs and other menaces. The 1:.60 m
high wall at the weather side leaves
space for the wind to blow into the
sheep-fold in summer. But in winter this
space between wall and roof is being
covered by plastic sheets as a protection
against the cold winds.

- The fold can be partioned into different

stalls — such as stalls for lambs or for
rams — by means of easily movable

; gfates. A weighing apparatus and several
“‘watesing-poings complete the s_heep-fold.

S .

The Pasture b

One of the most serious problems in
and steppes is-the overgrazing
poor pasture-grounds. Wadi

h-was also tordly overgrazed.

After the area had been fenced in, the
pasture was allowed to regenerate for
one season. Then we spread artificial ma-
nure and sowed, vetch «(Vicia dasycarpa)
and medick (Medicago hispida) in the
wadi. Salt bushes (Artriplex halimus)
were planted because they contain pro-
tein and thus may serve as additional
food. Furthermore.-we eradicated the
numerous bushes of Thymelaea hirsuta
which.the sheep do not touch. These
bushes are “water thieves”, for their
deep and widespread roots enable them
to deprive the pasture of a great amount
of water. ‘

1
About 50 hectars of pasture in the wadi
sbed are ar our disposal. After this area
was divided into four sections, the flock
was grazed in each section only for
some time in order to preserve the
pasture. After the first heavy flood the
flock was kepr in the fold for ac least
six weeks to give the pasture time for
regeneration. This fotation demands
absolute dlsc1plme on the part of the
shcphcrd }




The daily grazing rhythm is as follows:

. At dawn the flock leaves the sheep-fold.
At midday it is lead to a resting-place
on the pasture. There is water and shade
under a roof of jute. After some hours
of rest — the length of which depends
on the temperatures — the sheep graze
until sunset. In the evening they return
to the sheep-fold where water is avail-
able for every sheep at any ume.

The Awassi Sheep (Fat-tail-sheep)

Since the aim of ‘the Wadi Mashash
project is to develop a simple method™
by simple means for simple people, we
kought thar local breed of sheep which
is most papular throughour the Middle
East deserts. Our experience has taught
us that the local inhabitant of arid
zones ought to preserve as much of his
familiar surroundings and way of life.
It is difficult for him to adapt even
changes which in the eyes of the expert
are very small.

/ S

" The Bedo‘n lmver/rrnised the Awassi

sheep for many genturies. The flock of
Wadi Mashash yas bought from a
Bedouin. The 300 ewes and the 10 rams
are our experifnental flock used for our
grazing experiment on the arca of the
farm. No other flock may enter the
fenced area. /A Bedouin and his family
work as our shepherds.~*

! N
After the lambing the,ewes and their
lambs stay together in the sheep-fold
for two weeks, then the ewes return to
grazing without their lambs.

4 .
About six weeks after the lambing ewes
and lambs are finally separated. Part of
the lambs are being fattened and reach
a live weight of about 40 kg within
4 months. Then they are sold at the
meat-market. Part of the lambs are hsedl
to regenerate and to enlarge the flock
and therefore graze togerher with the
flock. To prevent too long a lambing
period the rams are separated from the |
flock and join it only in specific times
for the insemination.

Ancient Agriculture m
the Negev Desert

The Englishman Palmer s one of the
first Europeans, who visited the Negev

in 1870 and traced the ruins of ancient
cities. In his report of the journey /
Palmer repeatedly emphasizes the aston-
ishing fact chat distince traces of ancient
agriculture can be found in a region.
where desert stretches today..Palmer
names already the problems which are

to occupy scientists in the 20th century:

1.

How can ene explain the fatt thatin a
desert area, where the Bedouin of today
scarcely manage to raise any crop,
extensive agriculture ﬂourisheci?

2.

Who were the farmers, and what was
their method like?

3.
[s it possible to carry on agriculture
today with the same method?

There is no doubt that the Negev was
densely populated in the,Middle Bronze
Period- (2000 B. C.). Many traces of this
period are still to be found, such as the
numerous burial mounds (tumuli).

No remains of human settlements or
agriculture have been found from the
period of 2000 B. C. to about 1000 B. C.
In thé time of the Judean Kings
(1000—700 B. C.) the Negev saw a
second prosperity. A net of roads, for-
tresses and villages stretched across the
plains and hills. The Israelite settlement
in the Negev cante to an end imr the -
6th century B. C., and until the 3rd
century B. C. the whole area seems to
have been deserted.

Then the Nabateans coming from South
Arabia settled in the Negev. They were
merchants who carried precious Chinese
and Indian goods on the backs of their
camels from the ports of South Arabia
to Damascus and the ports on the
Mediterranean coast. This trade made
rhem rich and powerful. They started

to build fertresses and rowns along their
caravan-routes. In that manner they
founded Avdat and Shivta and all the
other-towns in the Negev. In the neigh-
bourhood of these towns they carried
on runoff agriculture, often reusing the
remains of the Israelite farms.

W The chapters about the farms-of

Avdat and Shivta are based on the
publications of M. Evenari, N. Tadmor
and L. Shanan, listed in the bibliography
at the end of the book. »




Renains

In the vear 106 A. D. the Roman Em-
peror Trajan subjugated the Nabatean
empire, without destroving the towns, -
however. Thus the,cultural and agui-
cultural development of the Negev re-
mained unbroken ant reached its most
flourishing time during the Byvzantine
Period {abour 330—630 A. D.}. The
Byzantine farmers, who were probably

“baptized Nabarteans, raised the runoff-
farming to a very high level. The most

> elaborate and effectivé farms and runoff-
systems date back to tfis period.

After the Arabs had conquered the
Negev in the 7th centurv A. D. rthe
towns were gradually abandoned and
fell into ruin. The precious stones were
used gs building material by the inhabi-
tants of Beer Sheba and Gaza. The farms
decayed as well, and the Bedouin occu-
pied the entire region with their locks.

Landscape and Clumate of the Negev

The lowlands in- which the farm of Wadi -

“Mashash s locared is an undulating

plain [200—400 m high) separated-by
low hills. The numerous dry warer-
courses have their origin in the central
highlands and run into the direction of
the Mediterranean-Sea. The central
highlands are made up of parallel run-
ning ridges composed of limestone,
which rise as high as 1000 m above sea
level. The main wadis drain to the,
Mediterrancan and to the Dead Sea. The
watersheds gre often expansive plfnns
covered with loess.

Loess has also beerr'deposited in the
wadi beds. The climarte of the lowlands
is warmer than that of the highlands,

e
The minimum temperatures are higher
and the evaporation rate bigger. In the
central highlands the minimum tem-
peratures fall below 07 C in about
50 nights in winter. Like in the lowlands
rain oceurs only from November to
March, and even then rainfall is rather
irregular dnd unpredicrable. & rainy_year
with 285 mm of rainfall maybe fol-
lowed by a drought vear of only 25 mm.

of terraces and stone walls are evidence of the ancient runoff agriculture. The various terraces are still clearly visible
" - = . 1 .

N
The average annual prccigim[inn is
80—100-mm. A heavy rain ogcurs very
rarely. Bur if one happeis to witness
one in the deserr, it is not only an
interesting specracle, bue it illustrares the
basic principle of funoff-farming:

The first drops that fall on Fhe dry loess
soil create a diffusion zone' around the.
spot which they hitl If the intensiry of
the rain is high cn()ug,h the many zones
of diffusion come into contact very
quickly. \‘Vlthm HCL()I‘ld% the surface
changes its appéarance from dull to
shiny. In that moment the water starts
to run downthe hills, it builds small
streamlets and drdins towards the wadis:
the runoff-flood-has begun.

This specific characreristic of the loess
has beenthoroughly investigated. The
aggregare structure of the loess surface
is being destroyed as soon as it gets wer.
The wetted layer slakescand the Ane ‘

“particles clog the surfaée layer to form

a crust which is nearly infpermeable to
water. That is the moment when the
surface becomes shiny and when the
water begins to_run down the xlnpas
(beginning of run()Ff)

.




(one scale unit = 105

(From:

10

201
85,3

22 T

Climate qumm of Avdat (A) and
Shivta| {B) On the abscissa are given the
montb,s of the year, the lowgr curve «
indicates the mean monthly rainfall {one
scale unit =.20 mni), the upper curve
shows the mean monthly temperatures
") The upper
presents the mean

figure on the right
annual temperatyfe, the lower one the
mean annual rgfnfall; the upper figure on
the left is the mean daily minimum of
the coldest month, the lower figure the
absolute minimum. The doited area
represents the dry period.

“Die Landschaft der Negev-
MWiiste in Vergangenheit und Gegen-
wart”.)

f
As long as the crust has not been-form-
ed, most of the rain infiltrates through

the soil surface. Once the crust is there,
the infiltration rare drops strongly and

. most of the‘r‘am runs off over the

Crust.

i

If the rain-is of low inrensity, the diffu-
sion zones do not come into contact fast
enough: for the evaporation — promoted
by the strong winds which usually
accompany the rainfalls — srarts im-
mediately and prevents the formarion:

of the crust. In thar case the runoff rare
remains rather low and no flood'occurs.

r

In fact, rain intensity and infiltrarion

rate are more importanr for the crearion
of runoff floods than the amount of rain.
If the crust is being formed quickly,
abour 30—50% of the rainfall run off

in a flood. This runoff warer contains no
harmful salts, dnd it is in every respect
first rate warter.

Ancient Methods of Desert Irrigation

The remains of ancient agriculture in the |

Negev can best be recognized from the
air. It can ke easily seen that the agri-
culture was strictly limited to the wadis
and flood plalns that means to those
areas wherg loess of 2—3 m of depth
prevails.- The reason for-this is the fact

. thart for the storing up of water for the

dry season h layer of loess of a certain
depth is ne¢ded. Investigations over some
years have proved that the ancient desert
agriculture Was based exclusively on the -
utilization of runoff water™The water
which came|running down the slopes
was collectedl in channels and led to the
fields in the yalleys. The local farmers,,
furthermore,)invented an ingenious
method how{to increase the runoff rate
considerably) The surface of the hills is
usually covered with rocks and gravel,
the well-known “desert-pavement™.
When it raing and the water starts run-
ning down thg slope, the stones prevent
the building df a complete crust. What

is more, every stone holds back some
water which infiltrates through the soil
surface. Thus, if one-removes rhe stones
from rhe surface the ‘water harvest will
become much greater. That is thegeason
why we find, in the catchment areas of
the ancient fatms, thousands of hecrares
covered with gravel strips and stone
mounds. These strips and mounds re- @
sulted from thé removal of the stones
from the soif ‘surfacé. The strips have the
additional. function to lead the flood
rupoff water in a certain direction. The
Bedouin call these mounds “Tuleiat el

Anab”.

Solid stone walls served as borders of the fields.
wide plains and made them fertile.

a

The Utilization: Runoff Farms -

Hundreds of such runoff farms are to be
found in'the Negev. Evety one of them
consists of a farm-house or a watch

- tower; a few terraced felds, which are
surrounded by a stone wall, and the
catchment area, that is the adrxccnt hills
and slopes. The farm gets its water by
means of chdnnels collecring the runoff
Wwater of the slopes. If the farm s located
near a small wadi, the flood water of
this watercourse is led to the ficlds as
well. The terrace walls are builr of two
to three rows of stones and theyare about
30—50 cm high. The distance from one
wall to the next is the same \wth _almost
all farms; thar is. abeut 15,

“Kﬁer a fum)ff ﬂood ‘the terracc is like

a pool. It takes the water 2—3 days to
infiltrate completely into the soil. The
eight of the terrace walls determine%
the amount of water that gan be re?
t:qped Acu)rdmg td experiments, 1 mm
&F%warer suffices to moisten 8—10 mm
of soil up to its full water holding
capacity. The amount of water refained
by a terrace wall of 30, ¢m height is
therefdre sufficient to wet completely a
loess soil 2—3 m deep. The farmers of
ancient times must have knigwn this
rehnon for the ratio of the terrace walls
to rh@depth of the soil is 1 : § or

1= 10. .

Should the flood produce more water
than 30 cm for each terrace, the surplus
i being led out over a spillway, These
spillways are openings in the terrace
walls which lead over a kind of stone

The ancient farmers cultivated cven

.




- “Majestic remains of churches in the
ritined desert towns remind the visitor
of their magnificence reached during the
_reign of the Roman and Byzantine
Emplre until the Arab conquest. The
desert farmers traded with the caravans
 arriving front masr-parts of the world.

" staircase to the deeper lying rerrace. The
water has to run over the “stairs”, and
so the destruction of the walls and
erosion are prevented.

I the lokss is bn g wetted to a depth of

2-3.m, all cultivated plants have enough
water for a whole season.

An exact survey of hundreds of farms
showed that the ratio of‘the culrivared
area to the catchment area is1:20t0

1 30, A simple ca]cul:mog reveals the *

nn;ng of this facr. Ler us suppose
n&g the rainfall of cne season ameunts
to 100 mm, that the carchmenr area is
20 times as-large as the culrivated area
and that 25%b of the rain run off. That
‘means that the farmg sreceives 20 x 25, =
500 mm of runoff water in addmon to
the 100 mm of/ram. ’

The Reconstruction of
Two Ancient Farms

BN

oy rany

Sor-Temms WATERSWED DATAILY AVD AARM LOWT

Two ancient farms were reesustricred.
r"dne near the ruins of Shivta, covers an
area of 1.5 hectare; the second nezr
Avdat consists of 5 hectares. _
The scientific program on both farms
contained the following items:

1. Meteorology: ,

a) Measuring of ramfall and dew (daily
and annual arhountsy Fainfall rates and
_intensity). P

b) Daily measurements of air and soil
temperature; ‘air humidity.

c) Recordlng of the rainfall dlstnbunon
in the catchmem areas.

-2 Hydrblogy
a) Recording of quantity, quality and
fates of runaff from the catchment areas.

1.b).-Measuring of infiltration and-runoff

rates in the catchment areas.,
c) Analysing the relation between rain-
fall and runoff. '

3. Range Plants:

a) Selecting range plants which are
drought resistant and yield well.

b) Measuring water consumption and
water use efficiency of representative
species under narural flood conditions.

.

4, Qg?chard:

their water consumption and their yields
under nartural flood conditions.

5. Crops: *

Measuring the yiclds of different species

under natural flood conditions. :
%

6. :Vegetables: ;

Testing tli""e‘posélbllity of growing vege-

tables under natural ﬂood condmons

Recording the development.of fruit trees,

From: “Progress Report on tlJ; Avdat and Shivta Farm Projects 1958—62".

The récqnstruction of the Shivta farm
was started in 1958, that of Avdat was”~
begun one year later. In 1960 both farm
units were functioning. On both farms
the ancient terraces, stone walls, chan-
nels, and water gates were reconstructed
exactly as they had been once.

On each farm a meteorological station
was installed, and many rain gauges
were set up in the farm and all over the
catchment area.

.At every water gate the water, brought

down from the hillsides in channels, is
being measured at a weir by an auto-
matic flood gatge. In, this way the
amount of water, its flow intensity and
the duration of every flood can be re-
corded -accurately. By comparing these
data with those of the rain gauges rain-
flood relationship can be analysed.

Since in Avdat — in" contrast to Shivta —

not only trees, but also vegetables, field
crops, and pasture plants are being
grown, and since furthermore the water
consumption of the different plants is
being measured, it was necessary to
guarantee an equal distribution of the
flood water over all the experimental
fields. For this purpose the flood water
streaming into the farm is not directly

distributed into the fields. Its flow is first

measured by the automatic flood gauges
at each point where a channel enters
the farm. The water coming from
varigus flood gates is then lead into
concrete channels from wheré it passes
through a distribution box provided
with a warer meter into pipes. These
pipes lead the water to vertical risers

-| which have two outlets each and thus
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equally distribute the runeff water to.. ~_| taking root. Later on they were con‘1p1e- (Apart from the varieties planted in
two plots each. The plots afe surrounde&g&[y dependent on the floods. Shivsa, cherries, apples and loganberries
by an earth dam, 30 cm heigh. If the - T | . were chosen.) Almonds, apricots,
plots have received as much water In" Skivta anly such treces were planted - peaches, pistachio nuts and vines thrived
- as they can hold a shutter closes the that are known to have been grown on best. They have survived the years of
distribution box and the warer is lead the ancient farms. In old documents | drought very well, and with regard to
into a second pipe. Thus full control I from the 6th and 7th century A. D. their development and growth they
over the quantity and over the distri- detailed reports abourt the trees grown prove quite yielding.
bunon of the flood water is guarantged. | at thar time can be found. In Shivta Furthermore experiments with the
| To tést how deep the water infiltrate? .| were planted: olives, pomegranates, following pasture plants dnd fleld crops
the soil, how much the plants consume almonds, figs, vines, tarobs, pistachio |. were carried out in Avdart:
in how long a time, and how muth-- ruts, apricots, peaches, and plums, L
!,;water evaporates at the surface, the:soil | altogether 283 trees and bushes. " | Pasture Plants
’ moisture in’some representative plots Almonds, otives, pomegranate, apricots
is measured regularly. All agricultural and carobs have developed best. Thar is | One of the possibilities of making
plants on’ both firms are being regularl especially remarkable since the first agricultural use of the desert is to
controlled and their growth recorded. vears of the farm were drought years. regenerate the once expansive pasture-
, After the first flaod in 1939 the first trees grounds. For this purpose annual and
© 1 were planted in Shivta. Here as well as The working plan of Avdat differs from | perennial range plants were planted in
/ in Avdat the trees got some water when | that of Shivta in some respect. The 404 a number of plots. The perennials were
, ,ﬂlcy were planted and during the first trees were selected only with regard < ‘planted as seedlings, Witite the annuals
summer {abour 30 1) to facilitate their Yo their supposed resistance to drought. were sown ar the same time. Out of
L : . ’ the 44 tested varieties and ecotypes of
o ' oL . the annuals only 7 proved-useful — =
°f AV])EAT.Fiel;:l Crops Yie]c‘is v . (6 Yarieties of Mcdicago hispida and
J g - - Trigonella arabica.)
id e CROPL Use Year Yield (t/ha) Notes They survived the droughts occuring
: § _ during 9 years of the experimental
Whear “Nanasit” grain 1968, 4.4 . straw, dry weight 3.7 t/ha period quite well and thex succggeto S,CIf
“Barley grain Yogs - 48 seed :from year to year; thls latter fact is
Peas “Perfection” seed /1966 o 56 very 1mp0rtant,‘1f one wants to use
~ Peas “Dun” whole 1966 © 484 is fresh weight, its dry annuals for the Jmprqvemenr.of‘the
e plant . weight was 12.9 t/ha pasture. These varieties produce also
Radishes seed 1964 062 . good yields of 20 —25 tons/hectare fresh
Carrots L &d 1965 0.75 . ) weight — equaling 4 — 6 tons/hectare dry
Onions seed 1974 1.16 weight —.
Qnions- * bulbs 1972 40.0 - . . .
Sunflower, grain 1974 2.8 \ A. vetch (YIc1a dasyca_rpa) gave the
_ Safflower grain ' 1972 13 R highest yiclds, bur it was less drought
Chick peas grain 1972 2.4 . persisteat. ~
| Artichokes 1965 95 ‘ ,
Among the 81 different species and

Asparagus. shoots 1965 2.0

‘
. ecotypes of perennial pasture plants
£

AVDAT vyields (Average yield per tree kg) i

—

Root- Planting ~ Net weight dry shelled kgms (almond & pistachio)
Species ' Variety = stock Year 1966 1967 1968 1969 1970 1971 1972 1973 1974

Almond  Poriyal0 Almond 1961 1.3 2.0 2.8 1.0 2.7 37 66 3.9 5.8
Thabor  Almord 1962 1.7 17 10 20 20 - 18 5.0 2.9 6.2
~ NePlus ) ’
., Ultra Almond 1961/62 1.7 71 .25 13 21 20 8.7 25 100
Pistachio!  Kerman  Atlantica 1962 - ~ —~ —~ 0.2 10 69 8% 109
S - : . 1964grafted - . PP o= e - ‘ S . e
Lassen- Vera 1962 — - - - 0.1 31 32 47 9.8
* ‘ - 1964 grafred . '
| Peach EarlyRed Almond 1961/62 201 277 . 202 4.5 5.2 120 272 1.4 1127
Free . :
~ Robin Almgnd  1962/63 109 228 377 163 8.2 268 40.4 7.8 60.7
|Apricor  Colomer  Chlabi  1961/62 141 248 41 64 8% 7232 325 139 425
- Grape'Vine Dabouki  216/3 1962 - 24 1.0 1.8 6.5 5.4 97 220 128

4




Aerial photograph of the Avdat farm and its watershed. In the foreground:
unreconstructed ancient terraces. In the background: on the slopes one can eagily
identifv the channels leading the runoff water to the farm.”

A flooded orchard on the Avdat farm: loganberries and peach trees.

The flood water*of the wadi flows over
a werr at gate No. & into the farm and
unto the fields.

Medicago sativa, Qryzopsis miliacea,
and Phalaris tuberosa survived a drought
of 34 months without any darfiage and
yielded 25—30 t/ha fresh weight -
equaling 6—11 t/ha dry weight.

"Field Crops

4 plots have been reserved for experi-
ments with field crops. As one has to
wair with the sowing for the first flood
which sometimes occung_early, sometimes
late, there exist two altefative possibili-
tics. If the hirste lood oceufs before the

“15th December, winter crpps, such as

wheat and barley, legumes, onions and
vegerables may be sown. If the Arst
flood occurs after the 15¢th December,
the following summer crops can be
grown: sorghum, scsam, chick pea,
safflower (Carthamus), and sunflower.

.
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Wheat, barley, onions, and peas gave
good yields, while chick peas, sesame

and safflower L?énot yield much.

Among the vegetables asparagus and
artichokes thrived especially well.

Another Method How to Use the Floods
for Agriculture: the Microcatchments

Experiments with runoff plors of differ-
ent size were carried out in Avdat.

These trials showed that the percentage
of runoff becomes higher the smaller

the size of the plot is. This is a scientifi-
cally interesting fact which has practical
skgmﬁcance too. That is to say that a
tree, having a catchment area of its'ow n,
ought to ger relatively more runoff water
than a comparable tree on the terrace

of a farm.

- Consequently experiments were started
with microcatchments. Each micro-
catchment is simultaneously catchment
and cultivated area. A softly sloping
flood plain, 1.8 hectares large, near the

-~ Avdat farm was chosen for the experi-
ment. The loess soil was quite saline
contajning 1-—2.5%0 of scluble salts,
0.3—1.3%0 of this amount being chlorine.

Gypsum was present in all layers, and
the lime content was as*high as 27—353%.
This soil composition is typical for the
loessial plains of the Negev Highlands.

The area was subdivided into.micro-
catchments of different size, a border
check about 15 cm high wag raised
around each plor, and ip/the 30--40 cm
deep basin of each plot one tree or one
bush was planted. Since one could, find
out only by trial the optimal size of the
catchment for each species, .one specimen
of each species was planted into plots
of ¥1g, Vs, Y a0s Movs V1605 V320, and Yo
hectare. We selected those plants that
are most resistent to salt"pomegranates,
vines, apricots, olives, pistachio, carobs
and salt bushes (Atriplex halimus).

Before the trees were planted we fertiliz-
ed the soil with 30 kg of manure. At
planting time the trees received 30 1 of

. warer each and were covered with straw.

To insure their establishmenr, each rree
received additionally 1501 of water in

5 installments during the summer. Later
the trees did no longer ger any artificial

irrigation. The salt bush did not even
receive supplementary Jrrlganon at
planting tlme

The trees and salt bushes rooted well

(2 pomegranates and 2 salt bushes failed
to take root), and the apricots sprouted
quickly and satisfactory. Pomegranates
and vines were d8layed in growth, but
later on developed as'good as the other
trees. -

Some salt bushes were planted also
without catchment (“Zero catchment”)
on the open loessial plain! None of the -

zero-catchment planes survived, because-,

they did not receive any flood witer.

The only tree that did not grow well is
the carob. - :
The optimal size of the catchment was
found to be about 250 m? for trees,
100—125 m? for vines, and 16—32 m?
for salt bushes. A second important
result was the fact, that the floods had
leached the soil in the basins almost
ompletely within twe years. -

’

@n the whole the microcatchment
xperiments-developed so satisfactory
that on the large new farm of Wadi

Mashash with its 3000 trees (almond,. -

pistachio, olive) we made use mainly
of this microcatchmenr method. The
plor size in WA&di Mashash is '/s0 hectar
(250 m?). The trees did not even receive
supplementary irrigation at planting

=2
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rime, they were planted immediately
after a flood.
The advantages of the microcatchments
are: - - -

. - -
1

1.

They are cheaper than the farms since
no terraces, channels nar $tone fences

“are required. !

2.~ .

With thts method larger areds of the
Negev can be cultivated than with the |
farm method which is topographically
confined to_certain localities.

- - b N

3. < . ’
The relative water harvest of the micrp-
catchments js higher than that of the
large catchment areas of the farms.

4. - .
Rainfalls of low intensity dnd short
duration, which are ineffective an f1rms
since they cause no flood, afe effective,
however, on the microcarchments-and
produce funoff. To give one example:

t

in a certain rainy season.in Avdat 6 v

floods were recorded on the microcatch-
ments, while only 1 flaod occured-on,,
the farm. . .

)

Even §;ili|1e soils can be used, since the
floods are great encugh to leach the,
soil within 12, years timé.

N~ w .




H}.'drological Data A

We will give the example of one flood
recorded in Avdad, to point out some
of the typical observations. During’ this
flood 4457 m® of runoff-water streamed
through the 8 weirs altogether The
curve of the automatic rain ga\lge shows
that the amount of 12.5 mm of rain

sufficed to cause this enormous quantity
.of runoff water. Mosrt of the rain fell

within one and a half hour (11 mm), and
within this time two periods of extremely
high rain intensity can be distinguished.

(12.30 h—12.48 h, and 13.12 h—13.30 h).

The highest intensity rate was 17.1 mm’h
ag one rain gauge, at another it reached
even 48 mm/h. This high intensity

lasted only a few minutes, however.

RECOQRDER N9 4
WATERSHED ! 1
4 HYDROGRAPH 8-XE-B1

- - . i

[

Comparing the rain intengity with the
recording of the automatig flood gauge
one can clearly sce that the two periods
of high intensity re-occur in the two
peaks of the flood curve. Tt is rather
surprising how little time it takes the
rain to cause the flood and the flood to
'freach its peak intensity of 1530 m3/h.

!

/Only at the weir “8” a different curve

was registered. The flood water of quite
a long ‘wadi,/is being led through this
weir into the farm, that means that the
watershed area of this weir is' much
larger than that of the other weirs.

Consequently, the flood reached weir
No. 8 with a delay of 75 minutes. The
flood curve, therefore, shows only one
peak, as the two successive peaks of
rain intensity became one, due to the
longer distance. The maximal flood
intensity amounted to 4340 m3/h at weir
No. 8 and the flood lasted longer than
at the other wgirs.

Alrogether this rain of 12.5 mm brought
enough water to insure the growth of

These observations, clearly indicate,
what has been emphasized before, that
not so much the absglute amount of

" rain, but mainly its intensity is the

important factor that causes a flash
flood. It happened that 5 mm of inten-
sive rain caused a flood, while at a
10~15 mm rainfall of low mtenSJty no
flood occured.

From: “Progress Report on the Avdat
and Shivta Farm Projects 1958—62".

“all the plants on the farm .for one season.

"Sinai and Canaan.”

Water Supply for Man
and Beast in the Negev

-
“It is hard to realize what a revolu-
tionary change was effected in the history
of civilization when cisterns were
invented — that is, when men'learned
to dig holes in any kind of ground and
plaster them so that they could serve
as storage places for water. Without
cisterns, few of the Judean fortresses
and villages in the Negev could have
been constructed. And without the still
larger number of cisterns, dams and
terraces in the Nabataean and Byzantine
periods, the Negev could never have
been made to sustain the tens,of
thousands of inhabitants who lived
there then.

The great Nabataean to Byzantine
cities in the Negev, some of which were
built on hilltops, could never have come
into existence without reservoirs and
without at least one cistern in every
house.” (Nelson Glueck, Rivers in the
Desert, Norton Library, New York,
1968; p. 94-95).

Modern man can only admire the
accomplishments of the ancient farmers
and inhabitants of the desert. The fact

“that many of the ancient cisterns are still

functioning, though they have not been
cared for during many centuries, proves

~the care with which they.have been

built. i
An ancient cistern of 440 m?® of capacity
was reconstructed near the road to the
ruins of Shivta. The farm of Shivta lies
at a distance of 600 m from it. The
original channel, collecting the runoff
from a watershed area of 1.2 hectar and
leading it into the cistern, was recon-
structed and a flood gatige set up near
the inlet of the cistern. Since most
cisterns have only small inlets -and small
holes for the drawing of water, they

are screened from dicect sunlight, and
the evaporation rate is small.

Apart from the collection of runoff

the ancient settlers made extensive use
of wells which gaye water thfough the
whole year. Nelson Glueck comments:
“From Ain Quadeis and Ain el-Qudeirat
(Kadesh-barnea) in Sinai, there is an
irregular line of watering places which
have been used from earliest antiquity
on and are of much importdnce in
modern times too . . . The Way of Wells,
as it might be callcd, was the shortest,
easiest, and most direct one berween
(Nelson Glueck,
Rivers in the Desert, p. 88). One of the
wells of this ancient caravan-route is
Bor Mashash, again used today on the

o
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Fromk'l’rogress Report on the Avdat
and Shivta Farm Projects 1958—62".

farm of Mashash. On ancient maps
of the'Negev this well is always clearly

Tl;lese ancu:;n: wells help the, archeologist
A his search for early human history, !

‘ but for the explorer of the desért they
signify something else: If these wells
have given water to an endless chain
of generations — and the deep grooves
cut into the stones at the rim of the
wells testify hundreds of years of
drawing.water — then the climare has

- not changed.

When recansrrucring the ancient farms of
Avdar and Shivta the scientists mainly
aimied at re-discovering the ancient
knowledge and skill. The farm ‘of
“WADI MASHASH, howeyer, uses this
experience and skill already in a-practl— ,
cal way. :

In the dry season the two dug-out-
wells provide for 4 m® of "water per day.

5—8 men and about 300—350 sheep live
on this water. The watér of the two
cisterns (400 m? alrogether) guarantees
the water supply for another 5 months.

"

— These exists-no other-agrieulturad—o — |

settlement in the Negev which makes
dse only of the floods and the natural
water reservoirs such as wells and
cisterns. Most of the modern settlements
in the desert area of the Negev have
been founded afrer World War I and
are artached to the central water supply
by means of a pipéline. Asphalt roads,
electricity, gaz, in shorr all the luxury
of the 20th century make people often

¥

After heavy rain storms enormous torrential floods stream througlh the wadis.
The photograph shows a flood in Wadi Mashasl. -

forger that they are living in an arid
zone.

South of Beer Sheba are some urban
settlements and only a_few villages
|_which live mamly on agrlculture Three
TFquibutzim? (collective villages) are
situated not far from Avdat and Wadi
Mashash and therefore can be easily
compared with our farms. In all three
of them agriculture is exclusively .based

| on artificial irrigation. They do not

breed cartle on the natural pasture-
grounds. Why not? One settler explained
the reasons:

By 1940 a small group of people started
to survey the soil in the neighbouthood
of the village of today. They wanted

“to know if the local conditions of
loessial, sandy soil

d brackish water
would permir any agriculture. The
annual rainfall amounts ro about
100 mm, that means that agriculture
is impossible without rundff water or
artificial irrigation. The well of-brackish
water produces 12—15 m?® per hour, its
salinity is 0.1%..No one knew whether
brackish water could be used for agri-
culture. Therefore the settlers tried to
grow customary vegetables, but without
success. Today it1s-known; however,
that cotton, wheat, and turnip give
good yields with jrrigation of brackish
water:

-3

In 1954 a large dam was construcred in
Wadi Revivim. It was.planned to lead
the flood water of the wadi to great
“reservoirs+(250 000 m¥) near the settle-
ment. The flood water was to be lead
through a 1 km long earthen channel to

the fields. The expensive project was a

“total failure. ..

The construction was only used for
5.years. For the last 20 years if has been
decaying but it still looks impressive.
We are fortunate to have been told

the reasons for the failure, for this
failure can teach us a lesson: ‘

1.

The ownership of the land did not allow

the construction of the dam at the bcst
topographical point.

2.

"Lack of time for thorough flood observa-

tions over years made people underesti-

mate the immense amount of alluvial :

déposits which the floods carry along.:
. i

Thus the dam construction, the channgls

and the reservoirs got quickly filled up
with these deposits. .
L

3. .
The high infilrration and evaporation
rate of the reservoirs demanded immedi-
ate use of the water. But in winter, - ¢
when the reservoirs got filled, not mich
witer was.required because’ of ‘the

rain, while in summer, when irrigation
is indispensable, no more -water was

left in the reservoirs. P
4. o

The irregularity of the floods and.the
uncertainty of themeservoirs being filled
every year — 24 hours of flood are
needed per season — are impossible
conditions for modern agriculture. .

o

N




Microcatchiments in “Wadi Mashash” after

3.

The construcrion was not sufficiently
looked after because of lack of workers.
6. .

The construction of the water pipes

from the north of the country solved
the water problem.

; ‘
a flo&m'. The almond trees in the basins are standing some centimeters deep in water.

Loess is the most suitable soil for runoff-
farming in arid zones. Therefore some -
basic informations about the loess is
important.

In ancient China ‘yellow, the colour of
the loessial soil, was a sacred colour. In
China as well as in Persia and Turkestan
the loess was the basis for an independ-
ent civilization and culwure.

The colonization of Europe in the Early
Srone Age began predominantly in loess
areas where no woods covered the fertile
soil. Fossil loess can be found at a
certain distance of the immense glaciers
of the ice age and it consists of the fine

- pagticles which the winds blewing over

the vegetationless moraines at the edges
of the glaciers removed (deflation) and

" deposited at some distance. The origin

of the recent vast, and still growing
foess areas of China prove to be the
central Asiatic deserts, 1500—2000 km
away from the arca of accumulation.

The loess area in China covers more
than 1 mill. km®. In some regions the

" loess reaches a depth of more than

100 m. 4—9%¢ ofthe earth’s surface
carries loess or loess-like soil.

.

. i
’

The term “loess” is derived from the
German word loesen (to detach), for

the main characteristic is its breaking
off in vertical cliffs. Though very

friable the loess proves so firm that 20 m
deep unplastered wells never crumble.

(In Persia and Afghanistan we have

" found such wells). The Chinese already

recognized some centuries ago, thatloess
is ideally suited for the construction of
roads and dams. They for example
managed to cohtrdl the devasrating
floods of the Huang Hoh by means of
huge loess dams using.the water for
irrigation of the loessial plains.

Round the centre of a desert frém which

the fine sand*and dust particles are being-

removed by winds one can find a zone
of sandy soil, and at a grearer distance,
due to the sifting on the way, a zone
of loess. To this very day loess is being
deposited. Due to the transport by wind
the sorting is very good. More than 60%
of the loess is composed ofparticles
with a diameter of 0.2 .05 mm. Re-
sponsible for the fertilify of the loess
is its mineral composition and its
mechanical structure: lime (10—13%,
which may have been contained in the
deposited particles, or may originate
‘C l‘ /‘m.

5
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Tim—

in the weathering of the felspar),
unweathered felspars, phosphares, other
nutritive salts, small grain size. -

The loess particles are not densely
compacted and the loess is crumbly
and porous. This accounts for its large
pore volyme and its high water holding
capacity.

The mechanical analysis of the loess of
the Negev is as follows:

30%b fine sand
‘ particle diamerer 0.1 —0.05 mm
0.05—0.005 mm
Jess than 0.005 mm

40%q silt
30% clay

The 30%0 of fine sand and the 40%, of
silt form the skeleton of the soil; it
checks erosion and prevents the clay
particles from clogging. The protection
against erosion is added to by lime,
which cements the dust particles and
gives cohesion to the loess. Thus the
existence of cliffs, canyons, and caves
of loess can be explained.

The sand contained in the loess favours
‘the aeration and the mobility of the
water in the soil. The loess soils in the

I

@ Loess proved

~

Negev have a water hofding capacity
of 24%,. 7—8%6 of the soil water are
not available to the plants. It is adhesive

water retained by the soil with suction.

forces which are much higher than
those which plant roots can develop.
. o

The pH of a soil is determined by the
concentration of hydrogen ions in a
soil solution. The pH of the soil is very
important for the growth of plants,

For most plants a pH of 6—7 is optimal.
The loess of the Negev has a pH of 7.5.

Arid zones usually suffer from saline
soil. The salts derive partly from the
weathering of saline rocks, and partly
they have been deposited by salt —
containing winds blowing in from the
oceans. The loessial plains of the Negev
show different salinity.

The salinity on the farms of Avdar and
Shivta was very low from the beginning,
on the microcatchments however it was
high (1-2.5%). High soil salinity,
especially a high percentage of common
salt — sodium chloride — is harmful

to plants.

If it is impossible to leach the salt to
deeper layers or to neutralize it in other
ways it can be removed biologically

-

[:._I Arid dones of the world

. -

by means of a halophilous plant as
e. g. the saltbush (Atriplex) which grows
well on extremely saline soils and its )
“root take up much sodium chloride
from the soil. Cutting the foliage when
it is still green one can reduce the =
salinity of the soil, as it has been’
practised in the pasis of Gezira in Sudan.

Salinity can be determined by measuring
“electric conductivity expressed in millim-
hos (mmhos) compared with gravimetric
measurement expressed in percentages
of weight,

The first soil samples taken before the
erection of the Wadi Mashagh farm
showed a salinity of 25 mmhos on an
average for a profile depth of 0—2.5 m.
After one rainy season only, the average
salinity had been reduced to 2—6 mmbhos.
That means, that within one rainy
season of 3—4 floods leachifg had
reduced salinity to '/, and even to 1/,,
of the original amount. Cultivated plants
tolerate soils of 4—8 mmhps without
damage.

The resistance of plants to salinity
increases with age.

Thelsoils on the farm of Wadi Mashash
were divided into two categories:




vy

Class I: No gravel layer appears in the
first 2.50 m of depth..

A gravel layer appears within
the first 2.50 m of depth. -

Class II:

By gravel layer it is meant a layer in
which stones larger than 2 cm take up
more than 75%0 of the toral volume of

" the soil. In Class I soils calcium carbon-

ate concretions may appear in a depth
of 80 to 150 cm. For the orchard only
Class I land was chosen because of its
good texture, aeration and the ease |

with which it can be cultivated.

Loess deposits many meters high in the
"Negev. v

"The loessial crust promotes runoff and
is therefore an essential condition of
desert agriculture.

P

Lessons Learned from the
Establishment of the
Wadi Mashash Farm

The reconstruction of the ancient farm
“units of Avdat and Shivta was the basis
for the experimental farm of Wadi
Mashash. The following questions had
to be answered:

+

1. .
Can the knowledge gained in Avdat and
Shivta, be used in a practical way for
agriculture in arid regions?

2. ‘

Which scientific experiments and investi-
gations have te be carried out wheén
planning runoff-farming in any region?
Which knowledge is scientifically
interesting but without practical impor-
‘tance? - -

37 . :
What is the best way to transfer knowl-
edge gained scientifically to an econom-
“ically relevant level? o

Since we.believe that ong can learn a
lesson from our positive and negative

| experiences made during the construction

of the farm, we report here on the
chronologlcal development of the
project.

©
.

“Selection of the Area and Clarification of
the Ownership

s

b

t A team of experts from the Avdat farm

together with some other specialists
toured the Negev and finally decided on

| the Wadi Mashash area. This decision -

was influenced by a number of advan-,
tages: the wide wadi with its relatively -
rich pasture-grounds, the convenient
topographical conditions for the con-
struction of.large field units for the
orchard, and the neighboyrhood of a- -
town (Beer Sheba). At thit time a
number of flocks of she¢p and goats -~ -
was still grazing on thls'aren of about
2000 hectares. ,
Therarea was obviously “owned” by
the Bédouin tribe El Asasme, whose
<head is- Sheik -Ode Abu. Muamer. From
time to time the area was also used

by the army for traintng purposes.
Legally, however, land is almost ex-
clusively owned by the state and can -
only be taken on lease. After endless
negotiations held on three levels at the
same time — with the Bedouin, with the
army, and with the state — we finally
obtained the following agreement: The




army dispensed with the area in favour of
the Hebrew University, and the state gave
a 3 years lease to the Hebrew University
of Jerusalem. It was promised that this
lease will be prolonged without any
difficulties: These negotiations were
only held by local iresidents since it is
not adv1sable for formgners to interfere
with questions concerning the army or
the lease of land. When these tedious
and time-consuming negotiations came
to an end, part of the farm was already
ready for use. This risk could be raken
as it had been obvious from the be-
ginning, thar this project was regarded
favourably.

o

Local residents and foreigners together
negotiated with ithe Bedouin tribe. These
negotiations were mediated by the
military commissioner for the Bedouin
and by the lawyer of the Bedouin sheik
in Beer Sheba. When we were ready to
sign a contract with the Sheik, we were
told thar froma legal point of view

the area of Wadi Mashash is not owned
by the Bedouin. Their grdzing right in
this area is only based on cugtom and
has to be renewed every year.

Their grazing right was therefore not
renewed, and so the Bedouin would have
been forced to leave the area withour
any compensatian. We could not agree
to_such an arrangemént, for it would
have affected the aim of our project.
Our work is meant to help the nomadic ¢
population and to check hunger in
desert areas. Therefore it was impossible
to start with an eviction of the Bedouin,
which wanted to benefit of the runoff-
farming.

. .
Thus we fulfilled the contract with the
Bedouin sheik, though it never was
officially signed. In a ceremony of
shaking hands we sealed our murual

. friendship, and indeed, the resulr was

a very good; though nor always
frictionless, but rather original and
friendly cooperation. We paid our
instalments.in time, and the sheik sent _
us workers of his tribe who were paid
by.us. Of course, there were small
misunderstandings and somerimes
problems with Bedouin flocks grazing
within our area. But if there had been
hostility or lack of interest on the part
of the Bedouin, our farm would
probably nor have succeeded.

After some months we found our that
‘the Bedouin families in Wadi Mashash
did not receive their share of the com-
pénsation we had paid the sheik. W}}at

. ) i~

i /
1

\

were we supposed to do? Should we
pay individual wpplemenmrv compen-
sation to each of the fantilies? But
nobody knew exagtly which family had
lived here at what time. Should we call
the sheik to ac\ounr or should we
engo'urage sothe famlhes $0 complain to
the sheik? We had passionate discus-
sions within our group. Finally we

-decided rto accept fully the authority of
_ the sheik, not to interfere with the

internal affairs of the tribe, and not to
try to make the Bedouin adjust their
concepts of righe and justice to our
Western ones. We continued to employ
only Bedouin-which the sheik
recommanded, and we nskcd for his
permission.

L4 B -
To help the concerned families we
changed our policy. We reserved the
cultivable area (abourt 500 hecrare)
exclusively for ourselves. Later we also
fenced it in. In the remaining area we
“allowed” grazing of flocks, sporadic”
growing of crop and let some Bedouin
families put up. their tents in this area
(we “allowed” means, we simply shut
our eyes). In 1972 we even placed the
pasture within the fence at the disposal
of the Bedouin, but in this case we left
it to the sheik to select the families since
we intended to avoid any interference
with the affairs of the tribe. In fact,
we ler the El Asasme Bedouwin graze on
the watershed area of the farm
{1500 ha) though this area is an
indispensable part of the farm unit as
the ancient runoff-farming has proved.

A

Bur as long as they do not disturb the
work on the farm, and they have not
done so up to now, this form of .
peaceful coexistence may continue.

Rain Data, Runoff-plots, and Soxl
Samples

Though the Negev is thinly populaced
with only a few roads, and although it
has only recently become an objecr of
scientific interest, some meteorological
observations have been made there for

.

" abour 25 years beforé 1948. But

extensive records exist only from 1948
onwards. They give a general idea of
rainfall and its distribution. Nevertheless,
we had to set up more than 20 rain
gauges all over the farm area,'which we
control after every rain fall.-These
records are indispensable because rain-
fall in deserts varies tremendously

within shorr distances: = .

Y

Runoffmeasurements in the especially
constructed runoff-plots are of utmost
importance since the size of the micro-
catchments depends decisively on the
ratio of rainfall to runoff. The small
runoff-plots should be fenced-in so thar
they can not be damaged.

In Wadi Mashash we measured runoff
for one year only before deciding on the
size of the microcatchments. But in a
new area these runoff observations
should be carried out at least for two
vears, before runoff-farming is started.

~

The soil samples taken from the fourry
pits, each 2.50 m deep, provided
important informarion abourt the soil
pr()filefnumber of soil qualities could
be detdmined by experts on the spor; in
addition to this a representative selection
of samples was sent to be analysed.

The Necessity of Maps

We used an aerial photograph of the
area. Then we drew a map on a scale *
of 1: 10 000. Another map on a scale
of 1: 1000 was drawn of those areas
wheré trees and pastuge plants were to
be grown. For the needs of the experi-
mental farm of Wadi Masash these
accurate and rather e\'pcmive maps were
justified. On a “normal” farm one can
certainly dispense with such d&?hlﬁzd
maps, since anyway, even with

maps, a number of surveys have to be
conducted in the area. Therefore in
“normal” cases exact skerch maps are
sufficienit.

—r
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~After every flood the basin must be hoed. Here it is done by a rotary hoe.
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Cohstruction of the Orchard
- !

For the.survey of the :1/61 and the soil
analysis we could rely/on teams of
specmlrstq But when pwe started the
3000 microcatchinents, each one with an
area-of 250 m2, we Avere faced with a
problem since nobpdy had any ex-
perience rega.rdin such a large project.

The small experimental area of Avdat,
consisting of ofly 117 plots of different
size, had not peen constructed in one
year, consequently its lay-out was not to
be compared with the immense technical
problems of the new construction in
Wadi Mashash. After the soil analyses
had been evaluated and the area had
been surveyed, the area set apart for the
orchard had to.be divided-into micro-
catchments. Unfortunately the planning
did not work well, so that'we lost a ”
good deal of precious time. What is

more, not all 3000 plots for the trees

could be finished ar one time, so that~
later on the survey teamsand the
excavator had to come for a second
time. When the plots were surveyed one
by one it became obvious that it is fot  *

E}

easy at all to determine the deepest point:

of an area. As the time pressed and the
water engineer was overloadéd with
work, we often had to take ad hoc
decisipns which of course lead to other-
wise avoidable mistakes. In Tact, the
planning phase should be completed
before the beginning of the rainy season,
and the responsible expert should be -
present when the constructing phase,
begins. Abour 40 hectares of the
orchard area had to be leveled by a -
motor grader, because the previous »
Bedouin cultivation had left deep
furrows. The driver of the motor grader
managed to level about;15 ha in },ten—
hours workmg day
L
The moftor grader ‘was followed by the
excavatots. They had to dig the basins
(3.5 m x 3.5 m, 20 cm deep). The 50 cm
deep planting hole was also dug by the
excavators. Since the excavators were”
supposed to make as few ruts as possible
in order not to destroy the soil crust,
one of our group who spoke Hebrew. -
had to accompany each driver. With
the observer attentive and the drlver
ralented, most of the basins got square
in the end. A JCB-No.3-excavator dug

.abour 35 basins in a ten-hours working

day. 15 minures of manual refinishing
work were needed for each basin,

A tractor with two discs raised the low
bprder checks (20 cm high) between the

@
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plots. Border checks-of about 25
catchments can be made in one hour. It
might be possible to raise the border
checks before the basins are dug, which
‘would be easier for the driver of the
tracr‘otr. e
. »

Irrffront of eadyfiéld‘unit — consisting’
of 10— 500 mic¥ocatchments dependent

_on the topography — we had to dig a

water diversion channel. The motor
grader did this work in two working
days of 10 hours each. .

" .If a microcatchment is constructed by

manual work, it rakes.4 good workers
about 60 minutes to dig the basin
3.5 m x 3.5 m, and 20 cm deep) and to

"raise the border checks of about 20 cm

of height around the 250 m? — sized
area. When we erected the Wadi
Mashash farm the labour cost equaled
the cost for the machines. But if there is*

“engugh time, “and if the labour cost is.

lower and there is no lack of worLers

" one shouldvprefer manual work.

In spite of-the above mentioned diffi-
culries and téchnical problems and
déspite the facrthar the first rainfall
interfered with the progress of the wosk,
we managed to complete 2000 micro-
catchments and to plant them wjth trees
from 13t November, 1971 to

15th January, 1972.

’ Klanting of 2000 Almond Trees

: S
The almond trees were grown an
grafted in a nursery about 60 km n8r

of the farm. The following varieties |-
- were planred:

1000 Poriya 10
200 Greek
200 Thabor
300 Ne plus ultra
. 150 Um el Fahem
1350 59/4

The trees were pruned to about 30 cm
above the grafting knot, the roors were
disinfected against yrematodes, and then

- the trees were pianred ds quickly as

possible. Wet jute sacks were ried round
the roots to prevent ctheir drying up.

e
When we p]anred the first 1000 trees the
basins were still wet from the last flood
so that we did not haye to give any
water. We took care not to break the
roots and to trample the earth around
the seedling. When we planted the
'second thousand we had to give 501

of water to each of a

few hundred

trees. That was tiresome work which
we did but once. The water had to be
brought from a distance of 10 km in a -
jeep trailer of 1 m? capacity. It took

6 workers about 40 minutes to supply
20 trees with 501 of water each.

A team of 6 workers planted about 250
trees in one working day. The cut
surface of the seedlings was sealed with
a paste, and the trunks were whitened
with lime. '

One year later the majority of the trees
had taken root. Some varieties showed
high failure rates — such as Ne plus .

| ultra and Thabor with a failure rate of

up to 30%p — while the average failure
rate amounted only to 10—15%0 despite
the difficult conditions. The reasons for
the failure were: weak seedlings;
unsuitable gravel soil; “water holes” i. e.
basins in which because of'the soil

structure the water remains standing for -

more than ten days suffocating the

roots for lack of oxygen; dathage by
game (gazelles, hares etc.); salinity of
the soil; and wrong position of the basm
resulrmg in lack of water.

a Y

We planted -again in the second year

and the trees took root at a very goad
rate, though i was an extreme drought
year. In addition to the almonds we
planted 200 pistachio trees and 100 olive
trees inwspring 1972.

It is relatively edsy to take care of the
farm covering an area of about 70 ha
of cultivated land which is divided into
13 separate field units. The cultivated

area is about3'km long Because it

includes small wadis and hillocks which
cannotbe cultivated.

Afrer every flood all the plots must be

examined for damages. Even the smallest

break in a border check must be

repaired immediately. After every ﬂood

the soil in the basin must be hoed, i

order to ;

a) promote Toot respiration;

b) ‘reduce the evnpor"\non of water from
the soil;

c) f:mllrate the ‘nfileration of the next
flood;

d).destroy the weeds.

For this purpose we bought rwo small
HAKOQO — milling-machines. One
machine can mill 250 basins in a 8-hours
working day. One must be prepared for
2--3 milling operations in one rainy

season. Sometimes the floods follow so
quickly upon each other that éne can

“not mill before the next flood comes.

Sometimes — like in 1973 — there occurs
only one single flood during the who]e
rainy season. o

In the dry period the trees only need
observation. The fresh green foliage of
the trees attracts vermin and game,
therefore pest control may be necessary.

For this purpose we bought two portable
motor-sprayers. The trees have not
suffered much from pest up to now. We
had to spray against the Laterpillar
Anarsia lineatella and against thé plant-
louse Agrotis ypsilon and, with olives,
against the caterpillar Chaerocampa
celerio.Pests did not cause much
damage and ’the damage was locally -
confined, dﬁe to the distance that sepa-
rates the trees (15 m). Thus quick
propagation of the pests is checked.

"Because of the shortness of the desert
spring all the pests appear at the same
time and can be destroyed simulta-
neously. | ‘

The damage done by hares and porcu-
pines made it necessary to cover the:*
trunk of the one and two years old trees
with a protective paste.

An important operation is the pruning
of the trees. We strongly pruned the
young shoots every year to give the
trees more ﬁtrengrh and to increase their
power of resistance to the strong wind.
After the sprouting — in March as a
rule-one should again prune part of the
weaker shoots.

The trees should be fertilized after the
first flood of the year. Most effectively
«this may be done together with the °

“milling. .

We fertilized as follogs:

1st year: 5 kg of cow-dung per tree

2nd year: 1 kg of urea

3rd year and 4th year: 1 kg of ammo-
.nium sulphate 3hd super phosphate each.
In the future the sheep-dung of our own
flock will be used exclusively.

One worker is needed per vear for all
the work with the 3000 trecs.

We expect the first harvest of almonds
after the 5th year, that of olives and

. pistachio nuts after the 8th year.
.




Supplementary Food Programm:
Growing of Pasture Plants in Contour_
Catchments and Behind Dams

The following perennial range plants
were grown in 30 000 small plastic bags
filled with a mixture of sand, loess and
compost: lucerne {Medicago sativa),
Phalaris bulbosa, Agropyrum elon-
garum, Oryzopsis miliacea, and Oryzop-
sis holciformis. All these species had
been successful in Avdar and were to be
planted in Wadi Mashash after some
months in a nursery in a quibbutz. This
operation carried out by members of the
management of the farm, by German
volunteers and by Bedouin together was
very tedious and wearisqme. (It took us
about 200 working-days to construct the
lay-out and to care for the plants ull

the day of their transfer 1o Wadi
Mashash.) The development of the

" plants was good.

Contourcatchinents for pasture plants

~ (see back Of the title-pags) “&ere con-
structed in-Wadi Mashash on an area of
0.5 ha, not including the carchment

area. Following the conrtour lines, the
motor grader drew a 3 3.50 m wide

strip which was bordered by a low
earthen retaining wall. Within this strip”

| we planted two rows of pasture plants.

The distance between-twe walls is about
5—10 m. The space between the mounds
is the catchrment area for the range
plants. -
Though the driver of the grader did not
lways managel to dgaw the strips

exactly according to the contours, and
although therefore not all plants got the
same amount of runoff water, the range

i .
‘Plants developed satjsfactory.

The contourcatchments are easy to
mow, and the cut herbage serves the
flock as dry fodder. Comparing the
catchments with the natural vegetation
of the vicinity ofe can clearly see an
enormous increaje in production.

Behind two dams, an area of about
1 ha, we planted the remailin
range planrs. The dams receive their *
water according to the Avdar method:"
flood water of a wadi is being led into
the whole field. This plantation has been
a success. Most of the plants have even
survived the drought.year of 1973, when
they never got any flood water but only
50 mm of rain. These dams provide

"us also with dry fodder for the foodless

- L]
mionths. A second contour catchment

M t T
Almond trees in microcatchments in Wadi Mashash.

-

could not yet be planted as the floods
did not occur early enough. In still
another large dam we sowed Sudan
grasé. The result was not oo good as
the dam had been-flooded too often, so
that more than"50%s of the seed rotted,
or was washed off.

We had a similar unpleasant experience
when wg sowed grass-seed in contour
catchments. The seed was blown or
washed off or had difficulties to push
through the hard loess crust. The
planting of the seedlings had been a
success, but their growing Was far too
expensive in the case of Wadi Mashash.
Such an operation is only feasible when
the hbour costs are very low. .

The impravement of the nnf/(al pasture-

i
kY

ground proved quite successful. First, we _

let the pasture rest. Then we fertilized =
it with artificial manure and sowed
Atriplex halimus, Medicago hispida, and

-Vicia dasycarpa. We, furthermore,

removed.in a tiresome operation hun-
dreds of mitnan bushes (Thymelaea
hirsuta). All this increased the carrying
capacity considerably. The pasture-
ground of thé wadi bed produces about
800 FU/ha (1 Food unit = FU equals

1 kg of wheat] or 2.5 kg of hay, or 4 kg
of oat straw). ’
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Fencing-in of the Entire Farm Area

The farm area had to be fenced in. For
this purpose the_Australian pasture fence
proved excellent. It is quite.expensive ro
erect a 12 km long fence with hundreds
of stakes and with some gates. But in
thiscase it was absalutely necessary.

4 workers managed to erect the fence
within one month, We believe that such
a fence is not necessary if the farmer is
living himself on the farm. We have
seen this in Afghanistan.

. Water Supply for Man and Beast

Orchard and range plants do not need
supplementary irrigation apart from the
annual rainfall. For man and animals,

* liowever, wells and cisterns are indispen-
sable,

Our two wells and two cisterns guar-
antee the water-supply. The Bedouin
would do with these two sources of
water where they are. They would drive
their flocks to the wells and draw the
water by means of a bucket attached to
a rope. -

A small pump (RODOS) and a 1- kilo-
watt-genierator make the drawing much
easier and enable a berter water-supply
of the flock. In fact, a sheep should get
in summer as much as 101 a day, while
the Bedouin gives only 3—3 I7

We pump the water to the pasture;
because we do not want the sheep to _
waste so much-energy by walking once
or twice daily a stretch of some kilo-
metres to the wells.

The warter-supply system in Wadi
Mashash consisting of two pumps, a

" water-pipe, an 8-kilowatt-generator and
two watering-places in the pasture- ’
, ground, no doubt requires a cerrain
amount of technical knowledge. It is
also expensive bur we beliéve that in the
case of Wadi Mashash this inve nt
was worth while because of the

price of mutton. For developm f
pastures in ther regions we recom-
mend the following plan which should
be carried our in srages:

Utilization of the natural water sources.
Simple technical machinery.

A modest investment as a starting
capital.

Sheep Raising Program

\Vé.bbught our flock of sheep as late as
summer 1973 and we observed only one
lambing period (froth November 1973

A Bedouin carries cut pest control.

90/}, Our L\pEl‘lCﬂLC therefore is quite
limited.

We only can say that the flock devel-
oped quite well and that the program
mentioned earlier in the text was
accurately carried out.

Other desert sertlements in the vicinity
of Wadi Mashash have in recent years....
given up. their flocks of sheep, because
their care demanded too many workers,
and sheep keeping became therefore too
. expensive. We hope that we can manage
with one Bedouin and one part-time
worker.:- ) -

‘Rfesearch and Practical Work

The scientific rescarch on the farms of
Avdar and Shivta was carried out by
professors, engineers and technical assist-
| ants. For the practical daily work ex-
perienced laymen were responsible;

In ' Wadi Mashash we tried to develop a
farm geared tothe needs of simple
farmers amd peasants, Qur dim was to-
run the farm in such a way that the
experiences could be easily transferred
to the nomads of other arid zones who
are not used to this ¢r any other kind

of farming. We have tried to serve peace
by providing a weapon against hunger.
A team of experts and a group oflaymen
confronted each other. For one group”
science was the essence of life, and for
the other it was only the instrument to
accomplish one aim: To find means
against poverty and hunger.

There was no strict border-line between
the two groups, but tensions-berween
the two poles arose frequently and had
to be sertled. ,

It is quite rare that scientists themselves
deal with the pracrical application of
their research; in Wadi Mashash, how-

to April 1974; with a lambing rate.of

ever, this has happened!

.

Co- operatlon with the
Bedouin

= .

. )
Though the purpose of the experimental
farm of Wadi Mashash was nort to be
an example to the Bedouin, they were
highly welcome as daily co-workersafid
as potential “utilizers™ of the knowledge
of runoff-farming. Often we_could judge
from their reaction to certain proposals
whether our ideas and plansivere realis-
tic. For the work done in Wadi M%slmsh
is supposed to help people all over the .
world whose social and cultural back-
ground is similar to that of the Bedouin. -

Who are these Bedouin?

One of the first modern reports on a ‘
journey through the Sinai peninsula and
the Negev was written by the English-
man Palmer. In his book published in
1870 he has some farsh words concern-
ing the Bedouin:

“Wherever he goes he brings with him
ruin, violence and neglect. To call him a
‘son of the desert’ is a misnomer, half
the desert owes s existence to him and
many fertile plains from which he has
driven its usefil and industrious in-
hahitants, become in his hand, like the
‘South Country” a parched and barren
wilderness.”

From the 7th century A. D. the Bedouin

“F have been roaming the Sinai and the

«Negev desert unhindered to the middle
of the 20th century. Thesingenious
irrigation systems of the Nabateans and
the Byzantines decayed, cisterns silted
up, wells dried our, and the life giving
floods now became a destructive force
and stowly eroded away the once fertile

fields.

‘Even if Palmer’s opinion about the
Bedouin is right one must not forget
another aspect of the Bedouin problem.

The ancient Nabateans and Byzantines
had managed to adapt their runoff-
farming so well to the desert conditions
thar it fitted, even on the high level of
production it had achieved, very well
into the natural eco-system of the desert.
-
The Bedouin with their grazing flocks
though destroying the ancient systems
reached again an equilibrium with their
desere environment. But this new equi-
librium was a much lower level of pro-
duction than that of the ancient .
cultures.

With the foundation of independent
states in the Middie East the borders be-
came impenetrable even for the Bedouin,




:VVPrL’)”f. Evenaii talks with the Bedouin sheik Ode Abu Muamer.

' “and this factor decisively influenced-the
lives of these nomads. * . -

In 1948 about 60 000 Bedouin were living
- in thé Negev. (The figures are not exact
since not much statistic material is
available.) Two third of the Bedouin
fled when the state of Israel was pro-
cdlaimed. About 20 00p remained and
their number had increased to 35 000 by
1973. They are divided into 18 tribes,
and graze their flocks on an area of

e

n

about 100 000 ha which is given to them
on annual lease. On an area of 40 000 ha
they try fo grow barley, and the remain-
ing 60 000 ha serve as pasture-ground.

They gwn about 100 000 sheep. The
70 000 ewes produce yearly abour
50 000 lambs. Thus about 1000 tons
of meat are being produced.per year.

a

{The Bedouin also raise goats which
ecopomically are not so important.)
i

The fat-tailed Awassi sheep has been kept by the Bedouwin since Abrabant’s days.

Since 1960 the Bedouin are more and
more attracted by the modern society of
Israel. It is quite normal to see a Bedouin- -
leave his tent somewhere in the deserr,
walk to the main road from where he
takes a bus or hitch-hikes to Beer Sheba,
where he goes to work as a construction
worker or as a waiter in a restaurant.

He may have some business at the
municipality, or visit some relatives in -
hospital. He might also be a member of
a transport cooperative having his own
lorry parked in the evening near his trd-
ditional tent and driving it every morn-
ing into Beer Sheba to work. There are
alsd Bedouin owning centres for agri-
cultural machinery lending these ma-
chines to collecrive villages and other
farms. ’

The salary of the Bedouin is as high as
that of any meniber of the trade unions.

His work efficiency equals that of other
workers. They are used to work with
machines and all kind of technical
.devices. (In Wadi Mashash Bedouin
" drove the tractors, they worked with the
milling-machines and with the portable
m()t'()r-sprayers.) : .

‘ -
In many cases the Bedouin wears Euro-
pean clothes and can not be distin-
guished from other local inhabitants,

All that represents only one aspect of -
the life of the modern Bedouin. Other-
wise he lives in his traditional way. He ~
stays in a tent without electricity, water,
¢az, roads, modern hygiene and civili-
zation. :

His food has remained to be extremely

| frugal: flar unleavened bread, strongly

sweetened tea, now and then a bailed
potato and some tomatoes, quite rarely
vegetables, and most ragely meat which
is eaten only on rare festival occasions.
@
Though the Bedouin buys a transistor
radio, jewellery for his wives, and an
expensive watch for himself, he remairs
otherwise a traditional nomad.

The wives and children who never have
changed their customary way of life
carc for the cartle, do the house-work
and look afrer the small fields.

Today, many of the Bedouin try already
to earn their living as hired labourers
with some agriculture on the side as it+
has been practiced in 'Europe for many
dcgades. As they have only few needs.
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and do notrhave to pay any taxes, some
of them manage ro accumulate a small
fortune. {Qne day we visited a Bedouin
family in their simple tent and were told
very casually that the head of the family
had boughrt a big lorry the same day

- and had paid in cash!)

The government is very interested in the
welfare of the nomads. It wants them
first of all to become sedentary. Much
was done for this purpose. Near Beer -
Sheba a village of nice stone bungalows
was built for the Bedouin. Each house
was equipped with a kitchen, a roiletre,
shower, large rooms, a small inner
court-yard ro protect the women against
strangers looking ar them, and with a

' large area behind the house for animals
and any kind of portable goods.

The project was a complete failure. The
houses were too solid, too modern, &nd
too-strange. TheBedouin-pitched their
tents behind the hoﬁses, lived in the
tents and used the bungglow torage-
rooms. The sudden transition from the
ten? to a solid house was too drastic a
jump.

When we once came to a feast with our
" Bedouin sheik Ode Abu Muamer he did-
not receive us any more in his large,
majestic tent, but in an uncomfortable
wooden barrack. We sat on Hand-woven
carpets on the floor, drank the custom-
ary coffee, and we used our fingers to
eat rice and mutron from one common

dish.

Two of the sheik’s wives live already
in barracks, but two others still stay
in tents with their children. A young

on the farm bought a wooden barrack
for his marriage. Ir collapsed in the first’
storm; but,sapparently this kind of pro-
visional living accomodations not vet
immovably anchored to the soil is the
appropriate accepted transition from rhe
_tent th-a-solid-house. -~ -

A rural centre is planned for the El
Asasme tribe. The centre shall consist of
the sheik’s house, a kindergarden and a
school-building. Among a number of
different house types every family selects
the one that fits them best. They will
pay themselves for the construction of
the house. ° .

To counteract the very real danger of
creating a Bedouin proletariar the gov-
ernment has established an agricultural

Bedouin who had been working with us -

we selected the fat-railed Awassi sheep,
well-known to the Bedouin. Tt is popular
throughaut the Middle Eastern deserts,
and it might be an offshoot of the steppe
sheep (Ovis vignei). On an Assyrian
monument from the Sth century B. C.
it ie already mentioned, and later on
Herodot reported this sheep to exist in
Arabia. The Awassi sheep, whose name
is supposed to be derived from a
Bedouin eribe, the Awass, living in the
Euphrates region, may be found in the
hottest and driest of regions. It has the
capability of drinking but once a day
and then covering a grazing area of up

» 15=20 km from the watering place.

It always moyes as it grazes. The lumpy
tail makes this breed capable of balanc-
ing the seasonal differences by means
of building up food reserves in winter
and spring for the dry summer months.

The Bedouin Salen worked on the
Wadi Mashash farm and bis work was
very satisfactory. In the pbo!oqmpb /Je
prunes an almond tr ee

this board known, employees of the
ministry of agriculture visited all the
sheiks. Soon they recognized that not all
the Bedouin were eager to be advised.

Tt was then decided to arrange an ex-
hibition of agricultural imachines, ferti-
lizers, and charts of animal diseases ard
their control to introduce the Bedouin
visually to modern agricultural methods.
"his exhibition took place in a sheik’s
camp and it was combined witherecep-
tions and folklore entertainments.

The Bedouin were told: you know what
we offer you, and you know where we
are to be found, you are welcome! 1f
vou want some advise we are pleased to
give it, but we do not want to force it
upon you.

The members of the advisory board laid
out a model field on neutral ground.

It is below the dignity of a Bedouin to
learn some thing from another one.

Furthermore the Bedouin receive seed-
corn subsidies, in droughr years, pro-
viding their fields are within the 250 mm
plecipitation zone.

For the improvement of sheep- brcedmg
and for the regeneration of the pasture

’

The Awassi sheep can store 5—10 kg

of fat in its rail and live on this reserves
in the mcagre months of the year.

The Awassi sheep is a good, resistent
partner for the Bedouin and his hard life
in the desert. Could the Bedouin not

learn from the sheep and store, for

examwple, hay and straw in winter and
in spring when the pasture abounds in

food? In this respect the example of

» Wadi Mashash was not withour effect.-

Another important improvement would
be to limit the lambing time to the few
months when much food is available.

T() attain this,-one would have to
separate the rams from the ewes and
bring them together only for the purpose
or inseminggion.

As for the fattening, the Bedouin should
keep part of the lambs next to his tent
in a separate fold where thé lambs
should be fattened. Some tribes in the
northern, more rainy parts of the Negev
have achieved good results with the
fattening of lambs.
The improvement of the pasture in the
Negev will remain a difficult task as /
everywhere in the world. The Bedouin ¢
see that we do not graze our flock as
soon as the pasture starts to be green,
but that we wait until the vegeration is
15—20 cm high. They observe that we
graze ﬂccording to a rotation system

They themselves do itaccording to our in-

‘struction. Together with us they fercilize,
_they sow clover.and vetch-seed, they




plant salt bushes and range plants, but
they still hesitate to make use of this
knowledge with their own flocks and
pastures.

Why? Because we are strangers who do
not live with them, \who have a different
culrural background and represent some
higher authority. They are conservarive
and suspicious of everyrhing new. They
live from day to day and are nort con-
cerned about problems of tomorrow.
Why should they worry about the flock
as long as there is food? If no more
food exists in July, they will ind some,
somewhere. '

They have ggod reasons fqr nort trying
too much to improve the pasture: they
do notjown the land, the grazing right
belong} to the tribe as a whole, not o
the indiidual families. They fear that
they might have to pay higher raxes to-

" the sheik, if they achieve better yields.

Their flock is their living bank. If cash

15 needed, they take asheep and selHr——F
*at the market. In our time of high in-

flation rates such a barter system seems

quite reasonable. The Bedouin likes big .

Y

flocks to show off his prosperity. But
the bigger the flocks, the worse the
pastures. The Bedouin does not yet
understand this interrelation. He owns
expensive camels, they give him good
milk, but actually, he does not need
them any more. His life — like the lives
of many nomads and small farmers all
over the world — is subjected to revo-
lutionary changes but he wants to take
it easy. Shortly after the last war, at a -
time when the situation at the labour
marker was bad, our Bedouin shepherd
stopped working with us. His payment
was very high, and his two wives and
his children relieved him of guarding
our flock. We also gave him water and
food for his flock outside the fenced-in

Despite all these advantages he just did
not want to go on working. The stress
of having to work for some hours at a
spec1ﬁc time every day bothered him

area, and we got on with him very well.

Opinions about the
Desert Agriculture in the -

Namow ' )
""’3" w

The research and the practica¥ on
the two experimental farms of Avdat
and of Shivta were carried out by the
Hebrew Universityof Jerusalem.

Prof. Dr. M. Evenari of the “Department
of Botany”, and Prof. Dr. N. Tadmor of
the same department,,as well as the
water engineer L.Shanan started to work
as a team in 1958, The research was
subsidized by the “Ford-Foyndations”
from the beginning, later on also by the
“Rockefeller Foundation™ and the
“Hillson Foundation” of New York.
Four progress reports, including photo-
graphs, charts, and tables, give an
account of the work done in Avdat and
in Shivta to the foundations and to
scientists all over the world. (Report I
1958—1962; Report 11, 1962/63;

Report 111, 1963/64; Report 1V, 1964/65,
1966/67.)

dom. He is ready to work on the farm
as a day-labourer, but only when he
likes to.

L 3

Bedouin family in Wadl Ma</7a</7 They are our shepherds and workers on the

farm.

d‘}nmmf—ﬁfs—pﬁsmdn free——

A detailed book, symmarizing all the
rdsults of these investigations was pub-
lished by the above mentioned team. Its
title reads: “The Negev, the Challenge
of a Desert” (see bibliography). Due to
the international connections of Pro-
Tessor Evenari, es ‘écTﬂ]'y with organi-
zations uf LhL UNO such as UNESCO
and FAQ, the results were made known
1o a wide circle of interested experts.
We shall mention only some of the
many contacts  which stimulated the
work and lead to immediate practical
application of the Avdat/Wadi Mashash
- method.

)

Australia .

In 1968 the Australian water engineer
Philip R. Mudie visited the farms of
Avdat and Shivta. In a letter of De-
cergber 1968 he tells us that he has
started, together with his collcagues i
a firm for survey .and irrigation work,
to expériment with runoff-farming. He
writes as follows:

“The country is sitnated about 500 miles
inland from Sydney just east of Bourke
and is typical of a belt of land 150 miles
north to south and 100 miles east to
west. Soils are generally deep red loams
running to mndy ](nms in the south with
The Lountry has becn used solely f()r
the range grazing of sheep ... and
carries flocks of 3000 to 15000 sheep.

1 The average-annual-rainfall is 12—

N
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Generally the rainfall is evenly distrib-
ured berween summer and winter. No
precipitation for as long as 18 months -
straight and a total of 36” in one year
are the extremes recorded.

{
We have gone ahead with the establish-
ment of the first 70 acres. .. . In this
first year we will try o grow — lucerne
(alfalfa), Phalaris, barley, wheat and a
small area of Sorghum. The microcatch-
menrerchard will conrain abour forty -
tregs — apricors, plums, peaches, nec- -
tarines, almonds, olives and some grapes.
-
Carchment areas of 200, 300, and 400
square vards avill be used. No irrigarion
supply can be made available to our
area.”

In February 1973, Mr. Mudie writes
= %gain: ~

“We plarited a wide range of fruit trees
and although not now properly tended
it does seem that we can expect good
results from the microcatchment idea.

I hope eventually to concentrate on
almonds and some softwoods . .. Lack

~ of financial support has caused us;
however, to discontinue the work at this
time.”

Republic of Botswana, Africa

We-have been in regular correspondance
with the research station of the ministry
of agriculture of the Republic of Bots-
wana, and we are therefore well in-
formed about their experiments with
microcatchmenrs. The responsible expert
, in Gabarone gave us the following.in=
formations in a letter of 21th July, 1973:

“The annual precipitation at the farm is
518 mm with a variability of 35%. The
rotal rainfall in 1971/72 was 622.1 mm,
producing 22%:1-mm of runoff, that is
37%. )

. _The catchments have three sizes:
Imx9m9mx18m,9mx27m.
98 trees were originally planted in two
blocks. They were all apricots. The
average failure for the first planting was
'62%/0, and of the 61 trees that were
replanted 109 died . . .-There has been
no severe flood damage yet. Unfortu---
natgly the tree program is not,pro- ,
gressing well ar present due t;la/ck/of
personnel . . . I realize thar wetduld
run a much more intensive program 6f,

‘2é;Fuﬂeﬁi&Fmiﬁg—i¥iEh"trcesmeS and— r_

. not here.at present.”

“arable c;o'pAs ahdicopldfprob:;b]y sirﬁplify ‘

OUr SySTEM1,USIng contour Strips as was

_suggested by Mr. Shanan ... T am sure

that the technique could have wide
application in Botswana bur it needs
much care in planning, adequate super-
vision and training of local staff. This
may soundrrather obvious but the facil-

ities and personnel to carry this out are
4

In a letter of 9th September, 1973 the
reasons for the high failure rate were

.given as the following:

«y
The trees were planted rather late when
temperature rose rapidly.

2

Evaporation rates were very high.

3 T

. Awtempts to shade and protect the trees

resulted in too great a restriction of air
movement and they were probably
‘cpoked’. We have since determined the
optimum time for planting and how to
protect the trees while maintaining free
air mpvement.”

i

Botswana, Africa: Apricot trees in microcatchments. /

i

Afghanistan ¥) |

’ I
Since 1971 an intensive exchange of
thoughts has taken place between the
German organization “Bundesstelle fiir
Entwicklungshilfe” {BfE and GAWI}in
Frankfurt and the farms in the Negev.

LI -

For many years the Federal Republic of .
Germany, in cooperation with the Stacé
of Afghanistan, has been carrying out an

‘extensive development program in the '

plain of Khost, in the province of Paktia.
’ P

Apart from agriculture the ekperts there

also help witlf the regulation of rivers,

the forest administration, the building up

of home-wofker organizations, and the

initiating oﬁ/educational projects.

In Februagy 1971 Dr. H.-]. Wald publish-
ed a detailed article about “Sturzwasser-
Bewisserung in Khost (Afghanistan)” .
(Runoff-farming in Khost [Afghanistan]),
in the periodical “Zeitschrift fiir Be-
wisserungswirtschafe”. In this arrticle

Dr. Wald obvicusly refers to the publi-
cations of Prof. Evenari in the journal
“Umschau in Wissenschaft und Technik™,
(No. 15 and No.-16, 1964), and in the

*) The “Bundesstelle fiir Entwicklungs-
hilfe” (BfE), Frankfurt-Eschborn, has
authorized these informations abour the
project in ‘Paktia. ‘




_periodical “Nova Acra” Leopoldina
"~ (Leipzig,~1966, Bd 31, Nr. 176). t

That is what Dr. \Vald writes: )
“The formarion of a flood of runoff
water depends on a numbér of inter-
related factors. The importance of these
factors and their interdependence was
expe‘r*imenta‘llv inyestigated by M. Evenart
and his téam in the Negev deserr. In the
Nabatear period a prosperous agri-
culture on the basis of runoff irrigation
had’ alféady existed. For the purpose of
these investigations sonie ancient farms
were reconstructed, with archeology

fendering assisience. | shall repeatedly ——
refer to the results of Evenan in the text
that follows...”

. Dr. Wald concludes his article with this
résumé:- - -
s spite of the research begun in the
Negev it must be assumed that the

__ irrigation enables agricilture under ex- .

: condmons and the possibilities of runott
irrigatién are almost unknown. Anywiy,
“it has been proved that this method of

’

role of :ulungortant 1gr4u11mr11 com-,
plemennrv function.™ - '

After the head of the ngricultufal project

in Khost, Dr. Christoph Hiselbarth per-

sonally had visited the farms in the
Negev, he was followed by numerous
experts .of the same project*who came
for shorrt consulting visits to Israel. In a
letrer, dated from 20th February 1972,
Dr. Hiselbarth writes: ~

“We have successfully imitated the
terrace irrigation for the growing of
ceredls and other field crops and the
mlcr()(.atchments‘for the raising of fruic —
trees and useful trees as you (Evenarl)
have suggested, and we have recom-
manded it to the farmers. We especially
strived to improve the pasture by means
of your system.

=

. Tam ful,ly'convinced thar your ideas and

I-see-in-your-suggestions-the -posstbility;———

I myself have demonstrated that — of cul-
tivating large steppe areas, which are
threatened by erosion and formation of
Karst, with trees and bushes-and of
utilizing them for agriculture again, and
all rhat with a mlmmum of invest-
ments.”

In spring 1973, Mr. Nessler and Mr.
Schenk visired Afghamsmn and could
see for themselves the wide range of
application of the runoff irrigation. The
agricultural engineer Dietrich Gebauer,
_who had especially worked on the
“construction of the terficed fields, was™~
our guide through the plain of Yakuby/
Paktia, in Afghanistan. We quote from
one of his reports, from May 1972:
“Advantages of the improved runoff
irrigation:: .

-recommendations can attain economic

importance for developing countries with:

arid regions. In those eountries.land and
personnel are ai/ailable, as well as.the _ -

While up to now only a small part of
the runoff could be used, this new ~
system enables us to leacf most of the
runoff water to the field and there make |
good use:of it. The water collected en

tremearid-conditions; and-under more
favorable condirions (Khost) it-plays the

will to WOTK, provnded the protessnonnl
instruction is given.

Afghanistan: Flooded fields laid out in terraces. L ‘

¥
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Afghanistan: Spilhway made of piled-up stones. T/Je remaining part of the dams

is made of earth.

In the Indian deserts the pgpulation
density*is about 5 people p¢r one
square kilometer. Though/the rainfall
amounts to more than 300 mm in
summer, the water supply is a big
problem. /

i

Sahel Zone in Africa

With the assistance of/the sponsor
organizations of Wadl Mashash,
WELTFRIEDENSDIENST and HEKS,
and of other organizations such as
EIRENE, we collected some infogma-
tions about the drolight.regions in
Africa. A trend to gettle down could

be observed with pomads in Niger who
had lost their flocks. Within the frame
of a_project for agticylture and affore-
station it is planfied to use' thé ringf
farming method/of Wadi Mashash. Direct
contacts have heen made, experts

humidity suffices to supply the plants
with water over a Jong period of drought.
It was ascertathied thar 4 months after

a daming up.of 30 cm the soil was still
wer down to 1 m of depth. Thus, every
field has the function of a reservoir.

The construction of the dams, the

inlets and the spillways can be carried
out by the farmers themselves according
to instruction. This system of improved
runoff irrigation has been practiced
here for one year (since 1971). All given
data, therefore, must be considered
approximate data only. On the other
hand the results we obtained by means
of this $ystem in so short a time are

so sarisf’ t it is certainly
justified mstem in regions

where it can be apphed

{

visited the project, and two German
members of the project are supposed
to have completed the basic investigas

_tions-by the fnd-of 1974 S .

The System of the Improved Runoff
Irrigation , -

The fields to be icrigated are being
surrounded by a solid earthen dam.

The size of this dam:
dam basis {.50 mv(diametber)
dam crest 0.
. dam height 0.50 m

1000 m* proved a good size for the .
fields. At one point of the dam an outlet
with a spillway -was constructed. The
dry-masonry spillway worked well ar a
breadth of 2 m, and it is. 0.20 m, to
0.30 m high. The spillway and its side
walls in particular must be carefully
built of field stones. *

The actial spillway consists of small
steps which have to retard the water
running over the spillway.« '

e

India

When we visited the “Central Arid
Zone Research Institute Jodhpur” in
the state of Rajasthan in India we could
see with our owrr eyes thatthe desert,
agriculture of the Negev was known*
even t};re and that the leading agri-
culture expert of the institute was
carrying out experiments with runoff-
farmiing. Microcatchments were also
planned. )

We may chpse the example of the Sahel.
zone to spgak more generally about
problems of aid for developing countries:

The conditions for a successful transfer
of the Wadi Mashash method to the
Sahel zgnes exist. The people concerned
— nomg4ds in a transitional state before
settling down, and small farmers —

are expctly those for whom the Wadi
Mashish method is most suitable.

The readiness of the industrial nations
to sponsor the transfer of. this method
is great; that is true for financial help
as well as for the sending of personnel.
Furthermore it is easily possible to
introduce runoff-farming irito a project
which has already been run for some
time. It would not even have to be an -
agricultural project.




In the Footsteps of the .
Ancient Farmers

German .Orgamzatlons .

Apart from the ‘direct sponsors of the
Wadi Mashash project — these are
mainly “Bgot fiir die Welt” the “Evange-
lische Kirche in Hessen und Nassau”,
and the “Hillson Foundation”, a good
and quite intensive cooperation devel-
tped with other German organizations
such as the national ° Dgutscher Ent-
wicklungsdienst®, the catholic “Arbeits-
gemeinschaft fiir Entwicklungshilfe”,.
and the protestant “Dienste in Ubersee”.

-On-a mission. for the organization
“Dienste in Ubersee” the farmer Klaus
Schifer visited the farm of Wadi .-
Mashash jn 1972 and gave a report part
of which we quote here: b

. Whar is‘most artractive concerning
the Wadi Mashash method is its
slmplmty, if not to say its ingenious

e. g..is a botanist, and the good.results.

are doubtlessly due to the fact, thar the
work has been done without any
professional blinkers!” .

V

We-cannot close ‘this.chapter.without..
touching upon the questipn of the
originof the ancient runoff agriculture.
Who invented it? Wher'e ‘was it invented?

How old is it? We will consider here
only the old world and will not discuss

- runoff agriculture in the new world.

-One way of answering the questions . .

raised is to find out what the main
geographical areas are where runoff
agriculture was once carried out and to
try to trace any connections between
[hem

As far a¢ our region is.concerned ancient
desert runpff agriculture was practiced
not only in the Negev but in all of
Southern Transjordan and in great parts
of Sinai.

Another such region is Southern Arabia. ,

pnmmveness No technigal installations -
are réquired. Once being Set up this
system. functlons with only a minimum

of nen-

Travellers of the nineteenth and early
twentieth century (Glaser, Freya Stark,

O+ 1oh

vork. Natives;
agrlcultural backgroumd -even, can adopt
this method without giving up their
traditiohal way of Jife. Since this system
is so simple and cheap one can make

it known to a great number of people
without investing much money (only
the payment-of the personnel and their
transport).

As all the_installations can be built by
the natives themselves costs arise only
for the initial outfit with seed-corn and
plants.

The conditions for the application of the
system are cléar: the method can be

applied .irr all regions where soils exist -

- with a relatively high water holding
capacity. It can howeyer oot be decided
from far away whether a specific area
is suited for the applicarion of this

—method.-In fact;-such-a-decision can be

“arrived atonly by an experr on the
spot who knows the limits of the — .
method.

.. At first sight it mighr look as if
only farmers could learn the Wadi
Mashash method. But, as a fact, this
technique is so simple and so logical
that every mtelhgent person with a bit
_“of scientific interest can transfer the

-basic ideas. Whoever doubts this.

—assumption-that non-farmers may
understand this method in its ennrety,
“must be told-that the Wadi Mashash
arm‘m itself has been érected-and run

But the Sabaeans were not only masters

‘Thompson and Gardiret, 1’huby)
described extensive rraces of4incient _
runoff agriculture in Hadhramaut, and
remains of a large dam near Marib,.
today a small village but once the :
capital of the ancient Sabaean kingdom.

We know of the Sabaeans from the
Bible. It says in Kings I, 10, 1—10:
“And when the queen of-Sheba heard
of the fame of Salomon . . . she came
to Jerusalem with a very great train,
with camels that bore spices and gold
very much and precious stones . ... .

And she gave the king a hundred and |
twenty talents of gold,.and of spices
very great store, and precious stones;
there came no more such abundance of
spices as these which the queen of Sheba
gave to king Salomon.”

e
This visit of the.queen of Sheba took -
place in the tenth century B. C., and
we learn from the.Bible that already
at this early time in history the Sabaean
kingdom must have been a mighty and
rich one. The Sabgeans were prosperous
because the caravan trade of fran-
kinsense {gum resin obtained from
certain species of Boswellia) and myrrh
(gum resin from various species of
Commiphora) was in their hands, a
trade which much later was taken.over

~by the Nabateans. This was apparently

one of the reasons why the Sabaean
|.kingdom declined in power.in the last
centuries of the first milleniumB."C.’

2




it over as Jarge an area as possible . . .
y 2

of the overland caravan trade to the

North -~ as witnessed by the Bible |
and a number of Roman historians  //
and:geographers — they were also |

masters of the desert ranoff agriculture.

- This was clearly showp by R. LeBowen
who in 1950—52 investigated the ancient
agricultural practices in Southern
Arabia and the famous dam of Marib.

These agricultural remains with their
fields, channels and sluice gates are an *
. exact counterpart of what we found in
the Negev, and are almost identical
with e. g. the agricultural remains we
described for Nahal Lavan. Bowen .
writes: “. .. the ancient South Arabians
never attempted to store water behind
dams for i 1rr1ganon (this was the
‘erroneous opinion of Philby), but built
their systems to break up the$oil-
(Arabic for flash flood) and’ distribute

o

land in an arid area the moment the
runoff system is destroyed.

The destruction of the dam of Marib
by a colossal flood must have happened
¢.in 575 A. D.

A third region witl)/innumerous remains
of ancient runoff’agriculture are the
desert fringes &t North Africa especially,
lgeria and Tunisia.

the early French explorers of -
this, atea were struck by the fact that
accordmg to the still visible remains -
_wvery large areas which todav aretdesert

| were once cultivated. Some of them — *
also recognised that the fertility of
these areas in ancient times was not
due to a better climate (Discussion on
this irt Despois 1955) but to mgemous
use of the runoff waters. Somie like
Carton {1888, 1909) even thought that

“

3

“fossatum Africne". Wherever in North
Africa the Romans ruled and wherever
the dainfall was insufficient apd no other
water sources like e. ‘g. chain of wells®
were possible thére was extensive
runoff farming by terracing wadis,
building runoff farms, runoff fields and
constructing diversion systems. (Carton,
Despois, Tixeront, Renaud, ‘Gsell).

&
This type of farming was certainly one
of the reasons for North Africa becom-
ing-the “corn chamber” of Rome,
providing ¥y of its grain requlrcments

The vast hydrologlcal knowledge of
the North African water engineers
(“aquilegi” in Latin) must have been
highly appreciated by the Romans
because Cassiodorus (Roman historian

¢. 490—585 A. D.) tells us-that “a "

hydrologist came to Rome from those
regions in Africa where — becaiise of

7

Concerning-the dapng of these desert

these methads could.be usetully applied
in modern times in recreating the fertili-
ty of the once flourishjng countryside

thé dryness of the land — L'hlS art
through which one can provide water
for an arid region is cultivared to such

runoff agricultural systemhs Bowen |
writes that they cannot be older than
the secondm’illenium B. C.

The dan{ of Marib ‘was part of such
a waper s reading system. It was an
enogfmous construction with solidly
6ne built, gigantic sluice gates at
oth of its ends. It was dated to ¥
750 B.-C. and, in.the words of Bowen
. .it is reasonable 1o suppose that
it may even antedate this”. One can
only marvel at the hydrological and

““‘technical knowledge of its bu11ders.

‘It was not built to store flood warer
but to raise the flood warer of the

" Targe wadi Dhana in which it is situated
to such a level that thé water could flow
through the two sluice gates to fields
lying along both flanks of the wadi

(the “two gardens” of the Quran). The .

oWt

\ «

dam funcrioned for abour 1300 years.

" The Quran reports its destruction. “A

sign there was to Saba, in their dwelling
~places — two gardens, the one on the
right hand, and the one on the left”.

Eat ye of your Lord’s supplies, and.
give thanks to him: Goodly is the
country, and graceous is the Lord”.

But they turned aside: so we sent them
the.flood of Iram; and we changed

their gardens into two gardens of bitter,
fruit and tamarisk and some few jujube.
trees”, Nothmg could describe better
the-desertification of good agriciiltural -

becausehe found the ancient methods
most adapted to the local conditions,
most efficient and cheap.

How large the area was which was
once runoff cultivated can for South
Algeria as an example best be-seen
when looking at the many air photo-
graphs taken and published by Barradez,
a colonel in the French Air Force who
discovered from the air the trace of

the “Fossatum Africae”, a Roman
defensive frontier trenich (fossé frontiére)
extending over hundreds of kilometers.

All along the “fossatum” are found
many fortresses, fortified towers,
terraced wadis, diversion systems, large
runoff fields, runoff cisterns, villages
etc,, and all this in a region which
todav is completely dcsolarc a fact

which Barradez stressés many times: -

“The contrast between the traces of
what once existgd and the aspect of
whatgemains téday is dreadful. The
region is terribly devastated . . .”

. The “fossatum’maggs started by the !
Roman emperorf-‘lazahm (117-138 -
A. D.) and garrisoned by “limitanei”,
the same type of soldier-farmers we
mentioned already as garrisons of the
Negev towns; and exactly as there
they, their f:lrmlxes and their depend-

ants were the ones who farmed the
land.

e .
The runoff farming in Roman times
“was certainlysnpe restricted. to the L

'

‘a degree that dried out areas can be
made advantageously habitable”.

But were the Romans the hrst to
practise runoff agriculture in North
Africa? They certainly developed this
“art” there 1o its highest peak, but they
were not the first to apply it. We know
from various sources (Gsell, Despois
L'afrique du Nord) that Rhoenician
navigartors visited North.Africa already
around 1200 B. C. But the impact of
the Phoenicians on North Africa and
its agriculture became really impgrtant
only after & 814 B. C,, the date Carthago
was founded by the Phoenicians. The
Phoenicians introduced the culture
of grape vine and olive into North

-Africa and a' Carhaginean agronome

by the name of Mago wrote a treatise
on rational agriculture and agricultural
.economy which was famous in Roman
times-hut is lost to us.

We know of it only because it is
‘mentioned with great esteem by many
Roman authors as e. g. Columella (De
re rustica I, 1, 16). It is therefore quite
possible that the Phoenicians already
practised runoff agriculture in North
Africa before the Romans. But Tixeront,
one of the French authors trying to -«
trace the history of agriculture in North
Africa, goes even one step further back.

.

He claint¢ that long before the founding )

of Carthago, sometimes in the %’econd
milleniygm B. C. people from Canaau
migrated to Tumsm by sea or over]and




and that these Canaanites implanted

the principles of runoff agriculture into
Tunisia which naturally presupposes
that runoff agriculture was known in
Canaan already in the second millenium

B. C.

*What can we learn from all this regard-
- ing the origin and age of runoff agri-
culture in general and its history in thg
, Negev? It is obvious that what can be
said on this point is nd more than a
working hypothesis’and has to be taken
" cuin grdno salis. Such a hypothesis
must be based on the following facts.

Yk B
[ o

,

Al l. . s vs
Agriculture has been invented in the
‘fertile| crescent in the pre-pottery
Neolithic period berween ¢. 7000—5000
B. C. It existed already ar thlS fimie in
]encho (Kenyon).

S

The successful practice of irrigation

invalved an elaborate control system.
A system of main channels feeds -
subsidiary channels watering the fields,
when the necessary glui(_:e gate is closed.”

Disregarding the question if dry farming
preceded irrigation farming, it seems
permitted to assume that people who
knew how tq use channels to carry
water from a spring to fields and how to
use sluice gates knew also how to use
these technical means for collecting
runoff into channels and how to divert
flood water from wadis to farm land:

This must be especially true for a place
like Jericho, the southern most and
" most arid tip of the fertile crescent.

Jericho is an oasis in an arid enyiron-
ment, where floods occur as e. g. in

’2. ‘ '

t agriculture in the Negev was

Wadi Keft, which opens into the plain, of
Jericho, and where it must have been
easy to apply the techniqués-used to

practiced at, the latest in the 10.—9.
century B. C. It may be older and go
back to ¢.’2000 B. C. (M. B. I period).’

. 3.
Runoff agriculture in South Arabia,
may be dated to some time in the
second millenium B. C.
4.
In North Africa it existed in the early
centuries of the first millenium B. C.
but may be older. .o

“But was agriculture. when it was first
v invented a kind of dry farming i. e
agticulture using rain When and where
it falls or was it irrigation agriculrure?

’
1 s

Thoug it may seem logical to presuppose
that dry farming as the more primitive
method preceeded irrigation farming,
“primitive” in cultural history does
not necessarily mean “earlier”. It is
Jmportant in this respect that Kathleen
Kenyon tells us that the system of
sagriculture of the pre-pottery Neolithic
A-settlement in Jericho was based on
irrigation using the water of the neqrby
spring Ain es Sulran. She even makes
it probable thar the early Jericho

_ people used already irrigation channels.

_ She writes- “At a stage when the
; cxpandmg population: required a large

divert spring water to the diversion of . |
flood waters. We come therefore to the
I conclusion that the same fertile
cre’scent where agriculture was first
invented in-pre-pottery Neolithic times
was also possibly ifi its more arid part
the birthplace of runof agriculture. » “u,
If so, runoff agriculture would be the
offspring of irrigated agriculture. This
‘knowledge must then have spread from
there to South Arabia and-to North
Africa, perhaps really by the Canaanites
of Tixeront. This would.also make it
more probable that the MB I popula-
-tion of the Negev already carried out .
runoff agriculture as suspected by
Kochavi, and thar the Israelites (Israelite
period II—III) only built their runoff
systems upon older MB [ structures.

All this is in the realm of speculation,

it is an educated guess. But if we already
speculate, an operation which is always
necessary when trying to close a gap in
knowledge by formulating a working
hypothesis as a basis of further research,
we may add one more speculation.

It is certain that there were contacts
berween the Judaean and the ancient
Sabaean kingdom. Arthat time runoff .
~agriculture was already highly developed
in Sheba. Could it be that this Sabaean
knowledge was transmitted to the kings
of Juda, perhaps by the queen of Sheba—

area of- ﬁelds, 1rr1gat10n channels ‘must
b

durmg hér famous visit to king Salomon,
.and used by them-either to.apply or to

im rove runoff agrlculture in the Negev?
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Report on a Journey
to Tunisia and Niger

Tunisia; A view {rom the Berber settlement of Chenini in South Tunisia to terraced dry watercourses. In an ingenous’ivay

fields for olives, dates, almonds, figs, pistachios, vegetables and cereals have been built.
Inn the backgromnd one can identify in the wide plain numerous ﬂnm wunits planted with olive trees and palm trees. This kind
of plantations can glso lre found in the vicinity of the cave-sett! eméyt of Matmata.

The climatic conditions and the soils are similar 1o those in the Nege
ammual temperature: 20.2°C; winter rain: 129 mm. Some data of A

18.1°C; winter rain: S0 mm.

Tracing the remains of the ancient
desert agriculture we wete trying to find
the answer to these questions: Who
mvented the desert agriculture and how
old is it? A number of sign-posts
pointed to Carthago. ro Tunisia of
today. Obviously the contemporaries*?
of the Negev farmers, the North African
farmers, were grear masters of runoff-
farming. Who, then, was the first to
teach the skill to the other? That is an
interesting, ver unsolved question,

Daoes the farmer of today think about
these questions while he is engaged in
reparing an impressive spillway on a

_feld below the ancient cave-sertlement

of Matmata? We do not know. Much
more than by the past, we were, how-
ever, fascinated by the impressive present
of the Tunisia of November 1974,

On'a 10- d.}\s excursion through \Mdc
regions of desert agriculture Udo
Nessler and Otra Schenk could sec for

. themselves that busy and inventive

people in arid zones can live by the

skill of the ancienr desert farmers,) even
in the 20th century. They build terraces
in wadis and harvest almonds, olives,
dates, and figs from the small rerraced
fields. On slopes they build dams follow-
ing the contours, with simple bur
suitable spillwavs, and behind them

they grow cereals-and vegetables after
a flood. In large plantations they grow
olives which receive their water from

microcatchments. All the ume we were
reminded of the. Negev: The soil, the

plants, and the system of working the
ficlds let us not forger the relationship.
This “living™

desert confirmed our

s Some data of Chenini-altitnde: about 500 m; mean
'du//\QL'guz': altitude: 550 m; mean annial temperature:

opinion that the chances of a successful

application of the runoff farming of the,

Negev in wide reerohs of the drought
zones of Africa are considerable. Does
it pav,.is it profitable?

The nomads of Tunisia do norask this
question, they five simply by their skill
of coercing vields our of the desert.
The improvements of the dams and the
expertly repairved cisterns show clearly
that
AfTsed.

¢ farmers arebeing helped and

.
Can the Wadi-Mashash-Method be of
Any Help in the Hunger Area of the
Sahel Zone in Africa?

Television and broadcasting services

as well as the press have fully informed




Ttm/suz Sptllwa\' on a fars? lying at the foot of the village of Chenini (the cave-

the world about the drought catastrophe
in the Sahel zone. On the whole, can:
any long-term help be given in these
areas on the'edges of the desolatd
Sahara desert?

'Some church organisations trying to

. find any means of help, asked us to
examine whether arf application of the
Negev agriculture would be possible,
at least in some parts of the drought
area. o ,
. Thus, Udo Nessler and Otto Schenk
- started for a two-weeks intensive infor-
mation_trip to the Republic of Niger,
“to the region where the Tuafeg nomads
live. Aqadu {520 m above sea level,
78 7° C meéan annual temperature

128 mm summer rain) is the capiral

of this region and has about 10 000 -

| inhabitants, who live in clay huts or

plaited bast-s#hts. The local market
and recently the distribution of food
have increasingly attracted-many

—dwe nﬁ‘ﬁ?fo‘n_to—p‘of't'he—fﬁﬂwﬂ_l_ﬁjﬁ“h—eseﬁl‘d anid el buikt stovie walls
reach in some places a height of 2—3 m. They border small terraces which sometinies
are planted 1vith one very.big tree only. Larger and more gently sloping areas serve
for the growing of crap.

Near the seftlement of New-Matmata a large plamtation is set up with olive trees

.. growing in microcatchments (basin 5 x § m; catchment area about 20 x 20 m), The
single catchinents are not separated by border checks, however:

It is especially remarkable that not even the new plantations are fenced-in to /mld -
off goats and sheep and that they nevertheless look well. -

Sahel zone, NIGER: The Tuareg nomads have for years:layed out gardens of a size
of 1000—2000 m* along the big wadis. T/Jey draw the water out of shaft wells
~(§5~-10 m deep) usually by medns of anjox — here in the pitture it is a camel —
and then lead it to small fields. They grow maize, tomatoes, beans, and melons.
Due to the continuous irrigation the Tuaregs can harvest several times a year. T/Jev
never have thought of using the ﬂood water of;t/ye wadis. Anyhow, these nomads:
are used to agricultural work.

Tuaregs to pitch their tents at the out-
skirts of the town,

A
{

A Missionary Station Engages in Desert
Agriculture
For many years the missionary station
of Tschirozerine, lead by French
catholics, has run a school for Tlareg
children and a small hospital. When
the drought period began they started
to concentrate on more immediate help
for the nomads. Pére Antoine has been
.the head of the station $ince 1972 ‘and
he has initiated agricultural experiments
and labour-programs for the Tuaregs.
The station lies at a dlsmnce of one
hour by car (landrover) from Agadez
and is situated at the foot of the Air-
mountains."Near the station a wide _
wadi — here it'is called kori — runs
past which in good years (1974) i is
flooded up to 17 fxmes and even’in the
drought years had been flooded thrice
at least. In the rainy season in summer,
from Jurfe to August, immense torrential
floods rush through this dry water-
course for some hours. According to
estimares more than 4.8 million m? ran
off in 1974! Exact data of the rainfal]
in the area of the stafion are nort yet
available, but 100—150‘mm are estimat-
ed. No soil analysis has been made yet,
_cither. It seems to be compgsed of clay,
loam and sand. Important is however,
that it hailds a crust. The deep shaft
wells in the area show a layer of soil
as'deep as 5—10 m. Notwithstanding .
“the lack of an exact soil analysis the
kind ‘of vegeration growing in the area
permxts some tonclusions concermng
“the 5011

-




_irrigatéd gardens.

" 20 Tuareg?gmilies a living by diverting

_station.

- Runoff- farrmng for the Steppes Around

"In its letter of October 1974, EIRENE

" DIE-WELT project in-the plain of

.. be planted.”

- or selection of unsuitable areas. But the

Numerous acacia trees, many bushes
and in some places even continous
growth of grass after the rainy season
indicate that the soil. gi\'es good yields
provided enough water is av ailable. Such
a condusmn seems even more justified,
if one [;gkes into account the yields of
tomatoes and maize in the artificially

In 1972 Pére Antoine started to build
dams and terrace walls in the dry  °
watercourses. It is planned to give

at. one place-the water of the wadi and
thus supplying the fields with sufficient
water. !

A member of the “Internationaler Frie-
densdienst EIRENE” got aquainted with
‘the project of Pere Antoine, and also
visited the farms in the Negev, he then
developed a program for the Tuaregs

in a valley not far from the missionary

Agadez/Niger

describes the EIRENE-BROT-FUR-

-~

Tschin Tebiskin as follows:
“This method of Prof. Fverari of the
Negev desert shall be adapted to the
conditions in Niger and shall be applied
in a 77zodiﬁe¢3"jorm. This runoff-farming -
consists of: _
o the building of small stone dams in
koris (wadis) in order to slow down
the water flowing over the crusted soil
surface, and thus to facilitaté its infil-
tration into the soil. (Raising of the
round-water level.)
Je Construction-of large stone dams
which'divert the water to fields beside
the wadi. These fields are surrounded by
small earthen border checks, and there-
fore ‘can store the water {flooded arcas.)
.o Rajsing border checks on gently -
sloping areas, each of which surrounds
a plot (sized 250 m® in the Negev). At
the deepest point of the plot a tree will

A beginning has already beer made to
attain this aim. But costly mistakes were
made by wrong constructions of dams

combination of the experiments of Pére
Antoine with the Negev method might
produce a fruitful solution. The possibili-
ties of long term aid programs exist at
the missionary station as well as in the

.g:omzds

German project. .

f&

Sabel zone, NIGER: A stong dam for the purpose of retmdmg the floods in a wadi
bed near the missionary station of Tschirozerine (near Agadez). Such dams are
being set up by paid teams of workers who are supposed to tend them later on.
\Often the force of the floods was underestimated and the dams broke. Now, a new
program was started to dam up the water of small wadis in order to improve the
natural vegétatzon and to utilize the flooded areas for agriculture.

Mariental, South-West Africa: Contour catchments aid the 7egenemtzon of pa:tme-

“The soil consists of fertile, deep loam/sand, and it is rich iwnutritients. Water could
not penetrate because of the formation o/ a crust of foamlike structure, and thus
desert-like conditions developed. The furrows were dug in 1968/69 and are 60 cm
deep. In 1974 they were levelled. Today this area can again be nsed as a good
pasture:for sheep. —

(Quoted from a letter of -3rd Nove‘mbez
Wiirzburg.)

1974 from Prof. Volk, University of

o
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