Desert Strzp Farming

A Way to Make the Desert Green

by G. C. A. Morin, D. K. Parsons, W. G. Matlock and D. D. Fangmeier®®

Introduction

Man has always relied on plants to
directly supply many of his food ard
fiber requirements. His supply of plant
material is dependent wupon the
amount of solar energy, nutrients and
water available for g{ant growth, In

e areas of the world, deficient
water resources have restricted the
development of intensive crop pro-
duction,

In arid and semi-arid regions where
solar energy is plentiful and nutrients
generally available, water is the limit-
ing factor. In Arizona, for example, it
is necessary to store water behind
large dams or to mine existing ground-
water sup{:lies to maintain crep pro-
duction. The collection of Incal rainfall
as runoff for use on nearby cropped
areas offers an alternate and little
used means of meeting a crop’s wate-
requirements in such regions.

Capturing natural runoff to aug-
ment the moisture supplied by pre-
cipitation is called water harvesting.
Desert Strip Farming uses water har-
vested from a collector area to help
supply the moisture requirements of
a cultivated crop on a smaller, farmed
area. The technique was used by n-
habitants of the Negev Desert of the

® This project has been supporied by a
United States Agency for luterational De-
velopment grant and hy the United States
Water Conscrvation Laboratory, Phoenix,
Arizona.

*® Authors are Graduate Rescarch Associate,
Assistant in Rcscarch, Professor and Profes-
sor, respectively, in the Soils, Water and
Engineering Department.
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Middle East prior to the time of Christ
to support a population of over 50,600
city-dwelling flood-plain farmers. Wa-
ter harvesting was also used in north-

ern Arizona by the native Indian nop-
ulation over 1,000 years ago. It is used
to a limited extent in isolated areas
of /Arizona and northern Mexico today.

I'able 1. Predicted yield of grain sorghur- for three collector-area
to farmerl-area ratios for selected years and for selected
weather stations in the Tucson area.

Year' Rainfall?
(inches)
1900 T 3.0
1905 T o2
1910 T 2
1915 T 6.0
1920 T 4.9
1925 T 82
1930 U . 41
1935 U . 0.0)
1940 U 7.8
1945 U 41
1950 C 6.6
1955 C 93
1960 C 51
1965 C 3.6
1970 A 73
1970 C 8.6
1971 A 9.7
1971 C 9.1
1972 A 54
1972 C 119
Maximum yleld¢
Average yleld+
Number of years with crop
fallures

Yield (Pounds of grain/acres)

Ratio = 8 Ratio = 12 Ratio = 16

0 0 0

0 0 0
1200 1200 1200
150 1100 1500
450 160 1000
990 1100 1300
“0 . 5160 1100
9 0 0
1400 1500 1500
960 1100 1200
1400 1600 1600
2100 2200 2300
900 1100 1300
150 370 590
1400 1560 1500
1900 2000 2100
1500 1500 1600
1600 1700 1800
650 130 810
1800 2000 2100
2100 2200 2400
860 1000 1100
16 15 1

! Letter following year indicates name of weather station.

A — Atterbury Watcrshed

C — Campbell Avenue Experimental Farm

T — Tucson Weather Burcau
U — Unlversity of Arizona

2 Rainfull is from June Y until crop is ready for harvest,
3 Crop dicd during secdlin 4 stage. Ruinfall is for 20-day seedling 'stage only.
4 For all ycars and all weather stations (76 data sets).
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Computer Model

To better understand how crop
moisture requirements are met by the
water-harvesting method of irrigation,
researchers in the Soils, Water and
Tngineering 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
sources and losses, and the soil and
crop characteristics to calculate the
yield of a crop (Figure 1).

The water supplied includes actual
rainfall 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 belo'v the maximum root
depth, and surface runoff leaving the
farmed arca. The soil characteristics
include moisture-holding capacity and
infiltration rate. Crop characteristics
include root depth, potential daily
moisture needs, drought resistance,
and production function (yield versus
actual water use).

The computer model has been used
to predict the success of the Desert
Strip Farming system by obtainin
the yield of grain sorghum for sever
colleetor-arca to farmed-area ratios
based on rainfall records in the Tuc-
son area for the years 1907 '972
(Table 1).

DEEP PERCOLATION

Watershed
used in 1970

|16 acres

Watershed
in 197! and 1972

5 acres

0
L

25 50 75 00 FT.
N N P— |

Figure 1. Block diagrum at left
illustrating the various inputs
and outputs which are consid-
ered in the Desert Strip Farm-
ing model,
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Figure 2. Overall view above showing relative position of watersheds
and farmed plots at Atterbury Watershed.
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Experimental Verification

To test the validity of the computer
program ficld studics 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 cultivated plots at Atterbury
Watershed are located near the head-
waters of Atterbury Wash in an area
where stockraising is the predominant
economic activitv. The topsoil
throughout most of the cultivated
area is a clay loamn with a caliche zone
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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 frem a record-
ing rainfall gauge, and runoff for 1970
was mcasured with a flume. These
instruments are maintained by the
Water Resources Research Center at
The Uni ‘ersity of Arizona,

The collector wreas were left in
their natural state (Figure 4), except
for the coustruction of ecarthen dikes

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

The cultivated plots at Campbell
Avenue Experimental Farm were con-
structed on a level area with a three-
foot-deep sandy loam topsoil. Below
the topsoil is a gravelly sand zone.
Because of the small area available at
Campbell Avenue natural rainfall was
angmented by pumped water. This
water was used to simulate runoff
from a catchment arca. Soil moisture
was monitored by gvpsum blocks, by
tensiometers, and by toking gravi-
metric samples. Rainfall records for
all years were obtained from a record-
ing rain gauge installed near the cen-
ter of the farmed plots.

Irrigated short-scason grain  sor-
ghum, which has an average yield of
4,000 pounds of grain per acre in the
Tucson arca, was used as the first test
crop because of the close correlation
between its rnoisture requirements
and Tucson’s average summer rainfall
distribution (Figure 3). The Tucson
area normally receives about six inches
of rainfall during July, August, and
September. Grain sorghum requires
about 24 inches of water to mature,
thus a minimum of four times the
amount of moisture supplied by the
average rainfall is necded for opti-
mum crop development.

Results

Atterbury Watershed

During 1970, there were 7.5 inches
of rainfall and a measured total of
.66 inches of runoff. Using the collec-
tor-area to tarmed-arca ratio of 32:1.
approximately 21 inches of runoff
vater was supplicd to the crop. Thus
it received a combined total of 28
inches of water. Dike maintenance
was & major problem, especially dur-
ing the ftirst month of the growing
scason and an unknown amount of
water was lost. Soil moisture measure-
ments and the computer model in-
dicate that the crop water require-
monts were not met during late July
and most -of Augast. The actual yickl
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for the grain sorghum planted at a
population of 10.000 plants per acre
averaged 1400 pounds of grain per
acre and varied between 700 and 2000
pounds of grain per acre. The varia-
tion in yield was attributed to uneven
delivery of water to the crop and to
changes in soil type within the field.
The computer mmf ] 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 was supplied to the crop. Thus
the crop received 25 inches of water.
Soil measurements and the computer
model indicated that crop water re-
quirements were not met during the

. 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 resultcd from aneven water
delivery and differences in soil type.
The computer model predicted a yield
of 1500 pounds of grain per acre.

During 1972, there were 5.4 inches
of rainfall and a calculated total of
0.60 inches of runoff. Using the ratic
of 15:1 approximately 9 inches of ruw-
off water was supp{icd to wie crop.
Thus it received 14 inches of water.
Soil moisture measurements and the
computer model indicated that the
crop water requirements were com-

Figure 4. Runoff collector area at Atterbur~ Watershed.

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 seediing
stage. The ‘actual yield averaged 450
goun(ls of grain per acre and varied

etween 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
summarizesd in Table 2.

Campbell Avenue Experimental
Farm

During 1970, there were 8.0 inches
of rainfall. Of this total, approximate-
ly 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 crop
moisture requirements were satisfied
with the possible exception of mid-
July. Because of heavy bird damage,
yields were difficult to estimate. The
yicld of the first plot was estimated
to he 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.

There were 9.1 inches of rainiall, Of
this total 7.2 inches of rainfall was
multiplicd with simulated runcff wa-
ter by the full factor for cach plot, One
rainfall event totaled 1.9 inches, and
was only multiplied By a factor of
three for all of the plots. Thus the
total amount of water applied to the
plots was 27, 83, 46, and 47 inches,
respectively.

During “the scedling  stage  soil
moisture measurements indicated that
soil moisture was deficient. In addi-
tion, the meceasurements indicated
stress during late September. As a re-
sult, the yicld 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 com-
puter model predicted yield between
1600 and 1800 pounds of grain per
arre.

The results of the 1970 and 197]
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)

0.401"

0.3%

030 Consumptive Use

"

olor

0.051-

Aversge Daily Meinfatt er Censumptive Use (tnchas per day)

Rginfail

o urll'ﬂy 'juu' iuy' -u.'-ul T M T

Figure 5. Correlation between
grain sorghum’s moisture
needs and Tucson’s normal
rainfall distribution.



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
Year Farmed-area
Ratio
1970 32:1
i 15:1
in 15:1

Actual Yield Predicted Yield
Rainfall Water (Pounds of grain/acre) (Pounds of
(Inches) Supplied Range Average grain/acre)
(Inches)"
75 28 100-% 1400 1680
1.2 25 700-5200 1800 1500
54 14 8-1.900 450 50

' Water supplied to the crop as rainfall or runoff from a collector-area,

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

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 sovil moisture
remained near ficld 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 sutfered severe dam-
age.

The cucumber, cantalope 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 becausc
they did not rmature. Watermelon
yield was highly variable with many
fruit not maturing.

The late rainfull resulted in uneven
germination and prevented maturity
of the crop. These factors reduced

ield and resulted in greater variation
tween the plots than would nor-
mally have been expected.

Discussion

Desert Strip Farming is a mcthod
of increasing agricultural productiv-
fty in arid and semiarid areas of the
world by using water harvesting to
sugment rainfall, {t is not competi-
tive with irrigated agriculture. A digi-
tal computer program was developed
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to predict the success of the method
in regions of the world where rainfall
patterns and soil characteristics aze
known. Data for several stations ir:
the Tuocson avea indicated that for a
collector-area to farmaed-area ratio of
12, there will be appreciable produc-
tion 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 systein mav be necessary for
that location.

Other problems with the computer
model are that it prediets drying of
the soil more rapidly than the actual
field measurements show and a de-
termination of how much weight scil
moisture conditicns during the seed-
ling stage should he given to the
production function is not completed.

The 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 ticld
studies indicate that regardless of the
collector-area to furmed-area ratio, the
vield will be highly variable from
vear to year and that crop failures
will occur 1 certain years because of
poor rainfall distribution.

The experiment at Atterbury Wa-
tershed points up an advantage of
leaving the collector area ir: its natural
condition as it can be used in its tradi-
tional manner, ie, livestock raising
while the crop is being grown. If the
crop is a tailure, only a small amount
of land is lost o the livestock raising
activity. If a crop is produced. then
the land has been successfully used
for both economic activities.

Future project work will include
improving the computer nodel as a
predictor of success, identitving other
crops which can be successfully grown
with the Desert Strip Farming svstem,
and further ficld tests.

Table 8. Comparison of actual and predicted vield of grain sor-
ghum at Campbel! Avenue Experimental Farm for the
1970 and 1971 growing seasons.

Multiplica-

tion Rainfall
Year Factor {Inches)
1970 4 8¢
1970 ] 8.3
1971 3 9.1
1971 4 9.1
1971 5 9.1
1971 ] 9.1

_ Predicted
Water  Actual Yiel.i Yicld

Supplied  (Pounds of (Pounds of
(Inches)' grainfacre) grain/facre)

28 3100 2200

40 3200 2400

27 900 1600

33 2000 1700

40 2000 1700

7 2000 1800

! Water supplied to the crop as rainfall and pumped water.





