
Desert Strip Farming
 

A Way to Make the Desert Green
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Introduction Middle East prior to the time of Christ em Arizona by the native Indian ,Op
to support a population of over 50,000 ulation over 1,000 years ago. It is usedMan has always relied on plants to city-dwelfing flood-plain farmers. Wa- to a limited extent in isolated areasdirectly supply many of his food and ter harvesting was also used in north- of Arizona and northern Mexico today.

fiber requirements. His supply of plant
material is dependent upon the Fable 1. Predicted yield of grain sorghur, for three collector-area 
amount of solar energy, nutrients and 
water available for plant growth. In to farmefi-area ratios for selected years and for selected 
large areas of the world, deficient weather stations in the Tucson area.water resources have restricted the Yield (Pounds of grain/acres)
development of intensive crop pro- Year' RainfalP Ratio = 8 Ratio = 12 Ratio = 16
duction. (inches) 

In arid and semi-arid regions where 190 T 3.o 0 0 0solar energy is plentiful and nutrients 1905 T 0.3 0 0 0generally available, water is the limit- 1910 T 7.2 1200 1200 1200ing factor. In Arizona, for example, it 1915 T 6.0 750 1100 1500
is necessary to store water behind 1920 T 4.7 450 760 100large dams or to mine existing ground- 1925 T 8.2 990 1100 1300 
water supplies to maintain crop pra- 1930 V 4.1. 0 s160 1100 
duction. The collection of local rainfall 1935 U 0.03 . 0 0 
as runoff for use on nearby cropped 1940 U 7.6 15001400 1500 areas offers an alternate and little 1945 U Li 960 1100 1200used means of meeting a crop's watc 1950 C 6. 1400 1600 1600
requirements in such regions. 1955 C 9.3 2100 2200 2300 

1960 C LlCapturing natural runoff to aug- 1965 c 900 1100 13003.6 10 370 580 
ent the moisture supplied by pre- 1970 A 7J 140 1560 150,ipitation is called water harvesting. 1970 C 8.9 1900 2000 2100

Desert Strip Farming uses water har- 1971 A 9.7 1500 1500 1600vested from a collector area to help 1971 C 9.1 1600 1700 1WOsupply the moisture requirements of 1972 A 54 650 730 810 
a cultivated crop on a smaller, farmed 1972 C 11.9 1300 2000 2140 
area. The technique was used by n- Maximum yield4 2100 2200 2400habitants of the Negev Desert of the Average yield4 860 1000 1100 

Number of years with crop 
fallure' 16 15 14* This project has been supportcd by a

United States Agency for International De- ' Letter following year indicates name of weather station.
tvlopment grant anl by the United States A - Attcrbury Watcrshed
Water Conservation Laboratory, Phoenix, C - Campbell Avenue ExperimentalFarm
Arizona. T- Tucson Weatlwr BureauU - University of Arizona 
o Authors are Graduate Research Associate, 2 Rainfall is Uom June I until crA r for harvest.

Assistant in Research, Profe.sor a,d Profes
sor, respectively, in the Soils, Water and 3Crop died during secdlirgstage. Rainfall is for 20-day seedling'stageonly.

Engineering Department. 4Forall years and all weather stations (76 datasets). 
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RAINFALL EVAPORATION 

RAINFALL EVAPORATION 

COLL ECTOR COLLECTORRUN
OF FARMED RUNOFF 

AREA Figure 1. Block diagram at left 
AREA 

illustrating the various inputs 
and outpnts which are consid

t ered in the Desert Strip Farm__ INFILTRATION ing mbdel. 

CONSUMPTIVE U8Erj 

INFILTRATION 

SOIL LAYERS 

DEEP PERCOLATION 

(TurnPagePkase)Computer Model 

To better understand how crop 
moisture requirements are met by the 
water-harvesting method of irrigation, 
researchers in the Soils, Water and 
Engineering Department at The Uni
versity of Arizona have developed a 
computer model of the water supply 
and crop systems. The computer 
model considers the various water 

and the soil andsources and losses, 
crop characteristics to calculate the 
yield of a crop (Figure 1). Watershed used 

in 197 and 1972 
The water supplied includes actual 

5 acresrainfall and the volume of runoff from 
the collector area. The losses include 
consumptive use by the crop, evap
oration from the land surface, deep 
-percolation below the maximum root 
depth, and surface runoff leaving the 
farmed area. The soil characteristics Watershed 
include moisture-holding capacity and used in 1970 

0 25 50 75 100 FT. 
Crop characteristicsinfiltration rate. 

include root depth, potential daily 16 acres
 
moisture needs, drought resistance,
 
and production function (yield versus
 

actual water use).
 

The computer model has been used 40%6 
14to predict the success of the Desert aStrip Farming system by obtaining 


the yield of grain sorghum for several
 
Diversioncollector-area to farmed-area ratios 


based on rainfall records in the Tuc-

Overall view above showing relative position of watersheds son area for the years 190 '.972 FIgure 2. 

and famed plots at Atterbury Watershed.(Table 1). 
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Experimental Verification 

To test the validity of the computer 
program field studies were conducted 
at Atterbury Watershed (Figure 2), 
approximately 16 miles southeast of 
Tucson, and small plots (Figure 3), 
were established at The University of 
Arizona's Campbell Avenue Experi-
mental Farm. 

The cu!tivated plots at Atterbury
Watershed are located near the head-
waters of Atterbury Wash in an area 
where stockraising is the predominant 
e cono m ie activity. The topsoil 
throughout most of the cultivated 
area is a clay loam with a caliche zone 

" "ing " t " "ter 
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Figure 3. Overall view of cultivated plots at Campbell Avenue Experi-
mental Farm during the summer of 1972. 

at a depth of four to five feet below 
land surface. The cultivated plots are 
fenced to protect the crop from live-
stock and rabbits. Soil moisture was 
monitored by gypsum blocks and by 
taking gravimetric samples. Rainfall 
records were obtained fr;mat record-
ing rainfall gauge, and runoff for 1970 
was measured with it flume. These 
instruments are maintained by tle 
Water Resources Research Center at 
The Uni,'ersity of Arizona. 

The collector areas were left in 
their natural state (Figure 4), except 
for the construction of earthen dikes 

which directed the runff water to the 
cultivated plots. Cattle were allowed 
to graze in the collector areas which 
had astony topsoil and a caliche zone 
within two feet of the land surface. 
During 1970, a 16 acre watershed was 
used for the collector area and the 
fareiid area totaled one-half acre. In 
1970 and 1972, a five-acre collector 
area and one-third acre farmed area 
were used (Figure 2). 

The cultivated plots at Campbell 
Avenue Experineattal Farn were con
structed on a level area with a three
foot-deep sandy loam top~soil. Below 

the topsoil is a gravelly sand zone. 
Because of the small area available at 
Campbell Avenue natural rainfall was 
augmented by pumped water. This 
water was used to simulate runoff 
from a catchment area. Soil moistnire 
was monitored by gypsum blocks, by
tensiometers, and by t&vking gravi
m____netric samples. li-AinfalE records for 
all years were obtained from a record

rain gauge installed near the cen
of the farmed plots. 

Irrigated short-season grain sor
which has an average vield of 

4,000 pounds of grain In acre in the 
Tucson area, was used as the ficst testbecause of the close correlation 

between its moisture requirements 
and Tucson's average summer rainfall 

(Figure 5). The Tucson 
area normally rcceives about six inches 

Sptember. Grain sorghnun requires 
thus a i iiin iu of four times theaout 24 inches of water to mnature, 
amount of moisture supplied by the 
average rainfall is needed for'opti

:mum crop development. 

Results 
Atterbury Watershed 

During 1970, there were 7.5 inches 
of rainfall and it measured total of 
.66 inches of runoff. Using the collec
tor-ara tj farmed-area ratio of 32:1. 
approximately 21 inches of runoff 
Aater was supplied to the crop. Thus 
it received a combined total of 28 
inches of water. Dike maintenance 
was it major probiem, especially dur
ing the first month of the growing 
season and an unknown anoumit ot 
water was lost. Soil moisture measurt
ments and the computer model in
dicate that the crop water require
imts were not met during latc July

and most of Aut.mst. TIe actual yiell 
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There were 9.1 inches of rainiall. Of 
this total 7.2 inches of rainfall was 

runoff watmultiplied w;th simulated 
ter bw the full a,ctor for each plot. One 
rainfall event totalel 1.9 inches, and 
was orly multiplied by a factor of 
three for all of the plots. Thus the 
total amount of water applied to theJ-.S,' ,. F.. " : --,r...t.. 3.;. . -i.. . plots was 27, 3:3, 40, and 47 inches,.t.:: 'l.-k 

-. ."respectively. . 

* 
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Figure 4. 
-~~i * 

Runoff 

-. .' 

collector area 

. -- . 

at Atterbur-" Watershed. 

,-
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for the grain sorghum planted at a 
10.000 plants per acrepopulation of 

averaged 1400 pounds of grain per 
acre an'l varied hetween 700 and 2000 

of grain per acre. The varia-pounds 
tion in yield was attributed to uneven 
delivery of water to the crop and to 
changes in soil type within the field. 
The compute model predicted a yield 
of 1600 pounds of grain per acre for 
that year. 

During 1971, there were 9.7 inches 
of rainfall and a calculated total of 
1.0 inch of runoff. Using the ratio of 
15:1 approximately 15 inches of runoff 
water wa supplied to the cro 
the crop received 25 inches of water.
Soil measurements and the computer 
model indicated that crop water re-

quirements were not met during th? 
last half of August and most of Sep-
tember. However, these measurements 
and calculations indicated that soil 
moisture conditions were very good 
during the critical seedling stage of 
the grain sorghum. The actual yield 
averaged 1800 pounds of grain per 
acre and varied between 700 and 3900 
pounds of grain per acre. The varia-
tion again resulted from aneven water 
delivery and differences in soil type. 
The computer model predicted a yield 
of 1.500 pounds of grain per acre. 

During 1972, there were 5.4 inches 
of rainfall and a calculated total of 
0.60 inchts of runoff. Using the ratic 
of 15:1 approximately 9 inches of rt-
off water was supplied to tale crop. 
Thus it received 14 inches of water. 
Soil moisture measurements and the 
computer model indicated that the 
crop water requirements were corn-

pletely met for less than a week dur
ing July and August. In addition, these 
measurements and calculations indi-
cated very poor moisture conditions 
immediately following the seedling 
stage. The actual yield averaged 450 
pounds of grain per acre and varied 
between 0 and 1000 pounds of grain 
per acre. The computer model pre-
dicted a yield of 750 pounds of grain 
per acre. 

The results of 1970, 1971 and 1972 
tests for Atterbury Watershed are 
summarized in Table 2. 
Campbell Avenue Experimental 
Farm 

During 1970, there were 8.0 inches
of rainfall. Of this total, approximate-
Iv 6.5 inches of rainfall was multiplied 

with simulated runoff water. One plot 
which had a rainfall multiplication 
factor of four, received 28 inches of 
water. the other plot, which had a 
multiplication factor of six, received 
40 inches of water. 

For both plots soil moisture mea
surements indicated that the c r o p 
moisture requirements w,-re satisfied 
with the possible exception of mid-
July. Because of heavy bird damage, 
yields were difficult to estimate. The 
yield of the first plot was estimated 
to be 3100 pounds of grain per acre. 
For the second plot the yield Was 
estimated to he 3200 pounds of grain 
per acre. The computer model pre
dicted 2200 and 2400 pounds of grain 
per acre, respectively. 

During 1971, cultivated plots were 
constructed which had multiplication 
factors of three, four, five, and six. 

During the seedling stage soil 

measurements indicated that
soil moisture was deficient. In addi

the measurements indicated 
stress during late September. As a re
stilt, the ield varied from 900 pounds 
of grain per acre for the plot with a 
factor of three to 2000 pounds of grain 
per acre for all other plots. The comn
puter model predicted yield between 
1600 and 1800 pounds of grain per 

The results of the 1970 and 1971 
tests with grain sorghum at Campbell 
Avenue Experimental Farm are sum
marized in Table 3. 

During 1972, cantalope, watermel
on, cucumber and zucchini and Mex
ican squash were planted. Rainfall of 

(Turn Page Please) 
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Figure 5. Correlation between 
grain sorghum's m o i s t u r e 
needs and Tucson's n o r m a I 
rainfall distribution. 
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Table 2. 	 Comparison of actual and predicted yield of grain sorghum at Atterbuiy Watershed for the 
1970, 1971, and 1972 growing season. 

Collector
area to Actual Yield PredictedYield 

Year Farmed-area Rainfall Water (Pounds of grain/acre) (Pounds of 
Ratio (Inches) Supplied Range Average grain/acre) 

(Inches) I 

1370 32:1 7.5 28 70641f0 1406 1600
 
11 15:1 IL2 25 70-2f04 1800 1509
 

1372 15:1 5.4 14 O-1.000 450 750
 

1Water supplied to the crop as rainfall or runofffrom a collector-area. 

sufficient volume to produce germ-
Ination did not occur until July 15th. 
This, plus too deep a planting depth, 
resulted in poor gerrninatitn. 

All of the plots received approxi-
mately 11.9 inches of rainfall and 17 
Inches of pumped water or a total of 
29 inches of water, The rainfall was 
not augmented with pumped water 
after October 1 since soil moisture 
remained near field capacity and any 
additional water would have been 
lost as deep percolation. 

The zucchini and Mexican squash 
grew rapidly after germination. How-
ever, the zucchini fell prey to the 
squash-vine borer and only a few im-
mature squash survived. The Mexican 
squash, although more resistant to the 
vine borer, also suffered severe dam-
age. 

The cucumber, camtalope and wa-
termelon plants developed more slow-
ly than both varieties of squash. The 
cucumber maintained a long period 
of productivity and had a high yield. 
Production of cantalope was good; 
however, more fruit were left in the 
field than were harvested because 
they did not mature. Vatermelon 
yield was highly variable with many 
fruit not ma turing. 

The late rainfall resulted in uneven 
germination and prevented maturity 
of the crop. These factors reduced 
yield and resulted in greater variation 

tween the plots than would nor
mally have been expected. 

Discussion 
Desert Strip Farming is a method 

of increasing agricultural productiv-
lty In arid and semiarid areas of the 
world by using water harvesting to 
&uginent rainfall. It is not competi-
tive with irrigated agriculture. A (ligi-
tal computer program was developed 

to predict the success of the method 
in regions of the world where rainfall 
patterns and soil characteristics a:e 
known. Data for several stations ir 
the Tuicson aea indicated that for a 
collector-area to farmed-area ratio of 
12, there will be appreciable produc-
t.on of grain sorghum in four of five 
years. Only a very small improvement 
in the success rate can be expected for 
larger collector-area to farmed-area 
ratios. 

Field experiments at Atterbury Wa
tershed tend to confirm the validity 
of the computer model. The results 
from Campbell Avenue Experimental 
Farm are slightly less conclusive. The 
use of a different root development 
function which allows for a more 
rapid and extensive development of 
the root system may be necessary for 
that location, 

Other problems with the computer 
nodel ire that it predicts drying of 

the soil more rapidly than the actual 
field measurements show and a de-
termination of howv much weight soil 
moisture conditions during the seed-
ling stage should be given to the 
production function is not completed. 

T!e results from the field tests indi
cate that having good soil moisture 
conditions as the crop germinates is 
an important factor in the production 
of a successful crop. 

The computer model and the field 
stldies indicate that regardless of the 
collector-area to farmed-area ratio, the 
yield will he highly variable from 
year to year and that crop failures 
will occur i." certain wears because of 
poor rainfall distribution. 

The experiment at Atterbury Wa
tershed points up an advantage of 
leaving the collector area in its natural 
condition as it can be used in its tradi
tional manner, i.e., livestock raising 
while the crop is being grown. If the 
crop is a failure, only a small amount 
of land is lost -o the livestock raising 
activity. If a crop is produce(l. then 
the land has been successful]' used 
for hoth economic activities. 

Future project work will include 
improving the computer model as a 
predictor of success, identifying other 
crops which can be successfully grown 
with the Desert Strip Farming system, 
and further field tests. 

Table 3. Comparison of actual and predicted yield of grain sor
ghum at Campbell Avenue Experimental Farn for the 
1970 and 1971 growing seasons. 

u cPredicted 
radultiplica- Water 

Year 
tion

Factor 
Rainfall 
(Inches) 

Supplied
(Inches) I 

19701970 46 8.68 2840 
1971 3 9.1 27 
1971 4 9.1 33 
1971 5 9.1 40 
1971 6 9.1 47 

I Water supplied to the crop as rainfalland pumped water. 

Actual Yiel,A* Yicld 
(Pound. of 	 (Pounds of 
grain/acre) 	grain/acre) 

2400 
900 1600 

2000 1700 
2000 1700 
2000 1800 

31003200 	 2200 
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