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SUMMARY: '
Rainfall mvltiplication permits crop production in
dry regionu with suitable soils and climate., A
computer model predicts possibility of success for
the system in areas of known hydrologic and soil
characteristics, Ficld test plots were installed
on a Southern Arizona Watershed using grain

v w

sorghuia,
TSI SRS S IY, DIARININIY RN VRS L YT NI SEBOBY LR IR 3 ey iR e i Rt L
‘ s N g R e en e C D an o g %5 sapenenep e pan b Ne s man
20 10 *hL oy N, ?.,a{ "R "'a-'[ e "'."Wl‘,‘~"?"§"’ T g oo rny i
. ENIRTE R NN (NS -.w.gr Lip zt,mm. GuddCad Ly iVl
c 24 et

St Joseph, Michigan 49085

. . R t ; s L7 LR . , . . . , N N
sianewn iy 2Kt ee st s G Al AR it SO A Ko ANV d Py Gt o VARR T bactas st v h ol D 101 e ¥ AL ey e sk s K v

Papers presented before ASAE meetings are considered to be the proporty of the
Society, In general, the Sociely reserves the right of first publication of such papers,
In complele form. Howaver, il has no objection to publication, In condensed form,
with credit 1o the Society and the author, Permission 1o publish a paper in full may
be requested from ASAE, P.O. Box 229, SL. Joseph, Michigan 49085. The Socicty is
not responsible for slatements or opinion advanced in papers or discussions at its
meotings.

»




DERERT STRIP FARMING: A VODIFIED DPY FARMING
METHOD USIUS RAINFALL ‘MILTIPLICATIN!

Y. G. Mstlock and P, N, Davisgh

Introduction
Since the bezinning of recorded time, man has cultivated plants to

supply him vwith food and fiber., Cf the three constituents for plaut
growth -- cnergy from the sun, a fertile soil, and a dependable supply of
water -- only the energy of the sun is found in abundance throuch the
temperate and tropical zomes. Civilizatious develored in the areas which
hed arable soil and ample water. As the population increased additional
productive land was nceded. This problen still exists today. Suitable
soil s easily found, for vast areas of tle carth's surface are covered
with native vegetation of little economic utility. Dven arid and semi-
arid regions of the world frequently have cxcellent coil characteristics
for intensive crop production, but lack the water necessary for raxinun
utilization of wvatershed resources. For example, more than ninety per
cent of the precipitation that falls on Arizona rcturns to the atmosphere
as non-lLeneficial evapotranspiration, most of it from desert arcas. Yet
these sare desert soils are highly prnductive, given adequate water.

Two alternatives are available for cultivated agriculturc in the
desert: eilther vater must be iwported from an arca of surplus, or some
peans of concertrating or multiplying the limited rainfall nust bhe found.
The latter 1s usually more feasible from an ecoromic standpoint since
transporting vater over long distances is extremely exrensive and vaste-
ful. By increasing the effectiveness of ralnfali, an can produce crops

in areas previously belicved to be unsuitable because of water shortage.

The Descrt Strip Tarring “ethod

Ircreasing runoff to augnent the existing water supply is called
water harvesting., Desert Strip Farming is a wodificd dry-farnming method

vhich uscs water harvestzd from a collector area to supply the nceds of

*
v Associate Anricultural Ingincer and Pegearch Assjstant, respectively, Agrie
-eultural Zngincerving Lepartrant, The Unlvarsity of Arizona, Tucron, Arizona.
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cropa on a smaller aren in a seri-arid desort envirvonment. Although only
a lor nercentage of rainfall reaches the major stream channels in such
ragiona, consideratle runoff occurs on the gently sloping Jands above
the river bottora. Irrmediate on-sitec vater use elininates the Josses
usually inherent in collection, storaje and distiritution,

An artist's concept of Desert Strip Tarmning {s sbom in Yigure 1,
A narrov farmed area lies at the lLase of a large collector area. The
cultivatad arca, vhich 4s Yeat snall to minfrdze the distanc~ vater nust
move, wny te any uvilth deternined only 1y the operatins nractfces of
the local farners. In underdevaloned countrifces a orc-retr culiivated zone
nay be arnropriate ulidle In Southern Arvizona th~ nidth would probably he
daterrined as sore wultinle of rachiine width. The c~tclhiment area can be
left irn the natural state, cleared, treated to {nerense runolf, or nlant-
ed to reaze cropa.  Surfoce runoff a Matrihuted cvenly to tle cultd-
vated arca “y remns of a level Yorder or Lasin dyricarion avster.. 7o
prevent rrolonned ponding on the eron rd over-irripaticen vith cukrequent
. deep pevcolatfon lose, the fields are cornstructed a0 that cnlv a fixed
arount. of ater caa be anplled et one ti=n, Auny cxcres runolf s~{lls to
a lover Jving collector area for a almflar syseten ov could e used for

artificial recharen,

Pravicus Triveaticntions

Runoff farrniag, vhich in similav to Nesert Strip Tarnirg, bas hean
precticed for centurfaas, JTn roat annlicationa of runoff farmin~ a atean
hillaide arca 1r used as the coilactor arer and the vater {n tranarorted
gome distarce to tha forre? arer.  Somn types of vuoel! farming uce a
fairly complex distribution system. The diitance vater fa tramsported
befora anplication to the crops 1s a fundanecntal ¢ffference Letreecn the
two systens,

Ancient vuaoff farwing asftes vere reconatructed fn the Hepov Tesert
of lsrac) seversl ycars nf',o.1 Yorma) vafnfall (n this area in only 10%0m,
but deopite prohloca with uroven ddstrilwitfon of vater, crop production
waa poasihle 1n reveral aaperinental avean.  Oraller catchivent aveas varg
wied for orchard craopa,  Studfen of runolf farning are alpo beinty con:

. ?
ducted (n dinrthern Mexico.
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Figure 1. Artist's Concept of Desert Strip Farming



Tau conacrvation Lanch terrace daveloped and testad by personnel
from tlia Soll Consurvatlon Scrvice in several states is alwo sinilar to
Desert Strip Yarring in that a level arca or bench is constructed bHelow
a naturally sloyinn aroa.3 They are used in arcas of 3cnch11y higher
precipitation including sone snowfall and vere tested vith perennial
forage crops on tlie henclr and ennventiorsl dryland cropping on the
contril:uting sloyes. Storage of winter nolsture g thus an irportant
factor. Yo appreciable Lenafit Las Leen noted Lrom varying tlic aiza

of thic contrituting arca,

Model for Pesort Ttrip Tar.dnn

& conceptual modll vas developed to daternine the rost succasaful
erop and ratdo of collector arca to cropped area for any reaton of knowm
hydrolozic and sc!l claracteristics. “eferr!nug to the tloc! clacram of
the rodel shovr i Figure 2, rainfol) “ron the collector araa rroduces
runolf viidch {s added to the direct raftnfull to wa'e the evailalle supply
for the Terned creas Tiwed’ate losses ave ta evayoration and encess runp-
off. Infiltraticon vrovi’es 5011 volatu-e in Yevera 1 to o, Vicesn sofl
moisture goen Lo deep percolation Jonu, TUxtercliong from L2 nofl rolstura
reservodr are ade Ly evanoration vhen po crop fu Jvodrg and by conswite
tive uic (evaporatfea - tra-epiratics) of t'e plivts, The eccuracy of the
wodel {n rearcue~tian the roal ysty: I8 Mafted only by tle accuracy of
the cqurtinonn Irserd) fon the fndivitua rofnturs trenafor procensen and
the valuos of tie parevatery,

The egnations o the 1ad:) Doaatenlly (fand vith the conncrvation of
matter and ave ecnonttaltr arfewetde v astura.  Yer the rout part, tha
mathicaticn) ol ta g hoo' rentng oreretlon,

Tho uforcatlon nocenarry o4 fnvut for the 1rol) {ge 1) ragnfall:
tlro Elutritutlen, acturl or that oft', pora protat i1ty of ascuranco’

Q) runote petottone idn to ratefeY] and ol nTfdtratient ) ovavoration:
A) eefls 1l v%tratton charactariatics, total deptl, Yavaring, vater ator-
ape eapnclty 1) crog: drougit tolerance In reed)bag, and prevfng ~tant
gtafan, conuu.plive use vequ'yeiaonts In tiea amd npnce, yiold vea, actual
vatey use,

In mont veactical wituations all of the derfra')e Input date will
not Lo avatla' Yo and entd. ates tunt Lo uned,  Uith roal or ontirated Jdato
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supplied, the modol can noir he used to pradict the success of a proposed
field operation and to deterrine ‘the optimum area ratio for maxinum crop

production.

Coxputer Prorram for Testinr~ ‘odel

A digital computer program representing the nodel was written to
perrit testing of a large sample of input data. The program begins on a
date coincident with the heginning of the crop season and continucs until
the end of the calendar year cycling repeatedly through a set of calcula-
tions until the crop natures or dies, or the program ends. TFach cycle
represents an arhitrary time perdod. In the first trizls a period of
five deys wvas used, This value was believed short enough so ac not to
overlool: any uncxnected disturbances in the program vhiile being long
enough to zreatly sinrlify the caleulation.

An optinun plarting date 15 assigned to each crop used in the program.
If sufficient rainfall hLias not occurred prior to this optimum date, the
crop Is plaited dn expectation of rainfall in the imnedinte future. Should
sufficiont rainfall occur before the optiwun planting Aote, then the crop
will be placted wten the conditions are satisfactory for £ield operztions.
Once the crop has boen planted, it can grow aad rature or dic as a result
‘of drought. Tor each tire increment the nrograr calculates the nofsture
input, the consurptive use Ly the crop, the amourt of noisture stored, and
the riofature outflov, {f any.

If the crop should not recelva vater for a neriod of tine greater
than its drought tolerance, ther tle erop vi11l dle. Tvo drouzht tolerances
are opceilicd for cach crop, One rerresents the tolerance durine the
sced or acedling ctaze and the other reprcacnts its tolerance after the
scedlir;, staze. JIf the sccond, or aroving nlant drouzht tolerance, is
exceederd, the pronran coatirues on the haaia that although the crop {afled
to reach maturiey under ontfr un grovth contitfons, sore honefit w111 he
darived from the partially grevn cron,

The avallilhle noll notsture feor any tive fnerenest 48 vater stored in
the ronot rone avatlahle to the crop plug the addftional rodature Trom
rainfall and runaff, If tha avallale anll pofature rouala or oxcocds the
potent{al consurptive une by t'e crop for that tina fncvenent, then actual
watey uno Ly the crop in caual to the »notential une avd the eennn is

storad fov porrthla uac {n the remailndng time dncrevents. YNevevar, should
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the avajlable soil noistuve lLe Jess than the potential use, the actual

ugc by the crop is equal to the cxisting soil moisture, thus emptying

the soil moisture reservoir, If at any time the amount of moisturc avail-
able excceds the maximun amount which can be stored in the root zone, then
the excess water is lost by deap percolation. ‘hen the crop maturcs, the
yield is calculated by a production function with the actual amount of
wvater used hy the crop.

Output from the computer includes the totals for the water applied,
losses of deep pevcolation and excess runoff, the actual vater use by
the crop for each tire increrent, the status of the soil noisture roservoir
‘bafore and after water use in ecach time increment, the yicld of the har-
veated crop, end the needed ratto for wmaximun production.

The propranmed model was {irst used to determine the posaibility of
producing grain sorghun near Tucson, Arizona. Crain sorghun was selected
as a trial crop hecause of the close correlation time-wice bhatwveen the
consunptive use curve for sorghun and the average sumnev rainfall for
Tucson. (Figure 2). ‘

Although the model had becn sinplifioed sonmethat, the rosulte vere
encourazing. For the particular values of the paraneters used in the
nodel, succersful crop production would be expected for an arca ratio of
13 or greater vith averafe sureier rainfall, Figurc 4 shovs the relation-
ship betucer area ratlo and the totnl consumptive usc by the crop. Toub-
1ing the area ratio from 10 to 20 only increascd the consumstive use hy
20 per cent. The additional vater opplied nvas loat hy deep percolation
and oxcees surfoce runoff, ‘faximum cror production 1g ohtained in the
. mode) for an area ratio which suppliaé gufficient vater to meet tha needs

of tha crop in both auantity and time,

Eigld Valldation Tests

Tegtn arc being conducted to deternine the validity of the model in

predicting succezsful operation of the Nesert Strip Farming systenm. Tha
firet avea selrcted for operation is on thae Atterbury Vatershed located
about ton afles routheast of the City of Tucson in foutt:ern Arizona
(Cigure §). The vatershed is located largely on the valley slopes and ia
not ideal for Nesert Strip Farming hecause it Is typical of only a limitad
aren and doeu not Save any large area sultable for crop production. Yow-

ever, it doen have cortair advantaszes. Yt in conveniently closc and ig
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| alrecady instrumented for rainfall and runoff Reasurements. Other research
activities including runolf increasing treatments on the wvatershed provide
regular attendance in the arca,

The climatic zone is semi-arid vith average annual rainfall of alout
11 inches. Sumrer rainfall of akout § inches occurs from late June through
September. The average slope on tha vatershed is about 3 per cent. Creo-
gote bush (covillea tridentata) 1s dominant on the upper slones with grass
-dn the wide flat clannels, The vesetation ig very sparse and offers little
protection to the soil, Interception 1s negligible,

A site of alout onc-half acre vas selected just downstroan from the
‘runoff neasuring flume for a 16-acre sub-vatershed now being calilrated
for future trcatment. The desert grovth vas cleared and soime leveliny of
the surface vas done. The natural channel fron tle flume vas diverted and
.lined with plastic to prevent any losses in aprlying the vater to Lhe cul-
tivated area. This would not need to bhe done on a more appropriate site,

Tarce individual hasius vere constructed with senarate inflow and
overflou structures because of the great elevation difference vetveen the
ends of the plot. The erlire area vas fenced to leep out rebtits, 1live-
stock and other animals,

Soil sanples vere ta“en at several locations and depths and analyzod
in the laboratory to Provide data on naxinum soil moisture storage. Tex-
tural classifications varied from sandv loan to clay loaw. Infiltrat{on
tests were made viich shoved infiltration capacity of about 0.6 incl.es per
hour. ZDouyouces blocks were installed to monitor soll moisture. Fainfall
and runoff data are rrovided by the ceoperating vatershoed nroject.

The gratn gorghum vas planted witl a érain drill in ecoopcration uith
personnel, fron tie Dapartmont of Agronomy vho are studying the effact of
plant density uuder conditions of water shortarcs,

Other sites liave Loon selected at different Couthern Arizona locations
for future ficld ests., Sinilar tests are planned for the State of Ceara

in Northepant Drazil,

Conelusiona

There are no results on yield or ever survival in this first yoar of
field tontxné. Tha crop 3o planted and everythiing is ready for the ndvant
of the sumer raivy aranon., '



CONSUMPTIVE
/\f

USE

mz'mu.-\_rl \.«/ .

0 JAN, MAR, MAY JULY SEPT, NOV
MONTH '

Figure 3, Average Monthly Rainfall and Consumptive Use
of Grain Sorghum for Tucson, Axizona,



(INCHES)

use

)
Y

TOTAL CONSUMPTIVE

-

1 1 ~ oy ]

10
AREA RATIO

i‘igu:e 4. Area Ratio vs. Consumptive Use

ugt- )



celle”

ARIZONA

R | D jrrernury
WATERSHED

| FiB“re S ILoca tdon Ma pof ‘A tterbury. Waterslied



Computor outpvt Lrom the conccptual mode] surgcsts successful pro-i»
duction for noutbern Arizona de asert areas with a 13 to 1 area ratio ani
grain sornbun as the crop. Other arcas and othcrﬂcrops with sufficient
data’can be tested, first by the comﬁﬁter program and then in fieid studiés{

| "he accuracy of predictions will increase as the equations descrihing -
the moisture transfer processes lLetwveen clements in - -the hloc diasram are"
fmproved. The assumed values used vhere data are not complete, are not.
necessarily invalid. They are based on the "best" estinntea, and the
effect of corrections in most cascs will le winor. .
. Input data can be markedly improved, particularly as’ rcgards the
rainfall-runoff relationships for seni-arid areas and the drought toler-
anFeAand production function for various crops. Extensive research
'haé=5een conducted on dafining rainfall-ruvoff ralationships for desert
arcas, but only meager data are avajlahle to daserihe the production of
‘tﬁasc crops under conditions of limited water supply. Tonefully addi-
- tional resecarch will be forthcomirg in thesc tuvo arcas of vital -impertance
to incrqasing nroduction in water def cinnt areas.

Iany questions of cconomics remain unanswered. If present production
"from the laad is negligible any crop production will he an fnprovement.
ﬁowever, econoric evaluation will be necessary Lefore any large scale
adqﬁtion of the method. The linited ﬁfoduction per unit of land is not
gding to create any vast' differences in Y. 8. agriculture,. but under-
developed arcas of unlimited land resources mey benefit recadily from this
production system. | { ‘

Some farms in the arid Southwest -veére abandoned when the groundvater
1evc1s dropped because of excessive pumping. Crop production might be
restored to some of these areds through the Desert Strip Tarming concept.

~ Many cattle fcedlots are ﬁovirg to isbﬁ&ted desert arcas in the
United States to avoid nroble\q of: pollution'and waste disposal near . the
urbau centers, A comitination of Qosert Strip Farming vith disposal of

xmnnu:g,fxow feedlots may prove feasiblo in the  near future.
“Actrovladzanents ,
"Thi projecct ig finarccd by. fuqu from Lhc Lnitcd ﬁtatcs Ag cncj for"

InLnrnncJonnl 'cVnJopwonL (v JAIN) and. tho u. 9. Vatcr Con,crvat1oa Laiora~

Lor ; Agricultural fiescarch Service. Thedr sunnort is grntprully nckno‘

ledaed,
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