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RUNOFF FARMING: IRRIGATION TECHNOLOGY OF THE FUTURE

Gnry W. Frnslor *

Member ASAE

(unoff farming Is defined as the collection of runoff water from a portion

>f Che l.ind during precipitation events for use on a crop growing area. This

irrigation technique can potentially provide sufficient water to grow a crop

in areas where normal water supplies, precipitation and/or Irrigation, are

inadequate or unsulted for conventional farming practices. This crop water-

Ing technique Is quite literally a "back to the future" technology that was

iscd over 4000 years ago in the Negev desert of Israel. The ancient systems

■onslsted of clearing rocks and stones from hillside to promote Increased

■unoff (Evenarl, oc nl . , 1961). Some of these runoff farming techniques

■■err practiced an parly as 6500 B.C. by the people of Ur and later by the

Inbncenns and other people of the Middle East (Frasler, 1975a). Runoff

farming techniques were used about 500 years ago by early dwellers in what

is now the Mesa Verde National Park In southwestern Colorado (Myers, 1975).

\ modified version of hillside runoff farming, locally termed dryland and

loodvntcr farming, Is being practiced on various parts of the Navajo Indian

latlon In northern Arizona (Billy, 1981). Another version of runoff farming

-omraonly referred to as micro-catchment, consisting of dedicating a small

-unoff area for providing water to an adjacent crop growing area, is being

ised In Israel and Mexico for growing nut trees or shrubs (Rawitz and

Illlel, 1975; Cnrmona and Velasco, 1990). Mater from the runoff area can be

lirectly applied to the crop (runon) area by "flood Irrigation" during the

nlnsrorin. Some runoff forming systems can Include facilities for storing

lie collected water In a pond or reservoir for later application to the crop

-.rowing area by an Irrigation system (Dutt and McCreary, 1975). Other types

>f runoff farming systems exist but most are a variation of the previously

(escribed systems. Of all the runoff farming systems, micro-catchments have

ho potential for delivering the highest percentage of runoff per unit area

• f w.-irrrshcri by minimizing the length of run of the catchment, area and maxl-

'171 up, the catchment slope (Dutt, 1961). The mlcro-catchmont design also

educes potential soil erosion problems.

Ihlle runoff farming has the potential to be an effective crop production

ystem, the practice Is not widely used. There are numerous reasons for the

I ml ted acceptance of runoff farming systems but the main reasons are as-

oclntcd with system reliability, crop production level, and economics,

or any water-development, agrlculturn I•project to be successful at the

■ rnnll farm level there must be a yearly sustainable economic return. Runoff

arming systems are highly dependent upon the timing and quantity of preclp-

tatlon events. Without proper catchment sizing and/or crop selection, the

ystems can fall or have a low productivity level. Even with properly sized

ysteras. crop failures mny occur during periods of extended drought.

Cary W. Frasler, Research Hydraulic Engineer, United States Department of
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Recently, genetically Improved drought tolerant small grains have been

developed which can produce grain yields of economic benefit with only the

water stored in a 2 meter deep soil profile at the time of planting (Ottman
et nl., 1988, Ottman et al., 1989). These plants make it possible to util

ize runoff farming systems for providing an economic sustainable crop. This

paper analyses and discusses an approach for designing and evaluating a

runoff farming system for growing of small grains (barley, llordeum sp.) In

southeastern Arizona.

APPROACH

Frasler and Scrimgeour (1990), showed that using mean values of precipita

tion quantities con be very misleading In designing a runoff farming system.

Any variability In the timing and quantity of precipitation events Is trans

formed into a variability In the quantity of runoff water collected and

available for plant growth (Fink and Frasler, 1975). The success of a run

off farming system depends upon its ability to provide sufficient water In

the root zone for use during the growing season.

Frasicr (1988), presented a concept for designing the relative size of the

contributing area of a runoff farming system for growing barley. This pro

cedure utilized n monthly water balance routine of collected water versus

the plant's consumptive water use. The relative size of the runoff area was

Increased until there was sufficient water to meet the required water

demands of the crop. Input data were the mean monthly precipitation quan

tities and plant water requirements derived from irrigated barley studies.

No adjustments were made for precipitation variability, timing and/or quan

tity, that might occur among years.

This concept was extended with the development of a simulation model for

estimating the quantity of available soil moisture with various runoff:runon

area ratios and catchment runoff efficiencies. In the model the precipita

tion and collected runoff fill the soil profile from the surface down for

each storm event. To simplify the water balance accounting within the soil

profile, the model assumes that the water Is withdrawn uniformly from the

profile to the rooting depth of the crop at each stage of growth. If the

soil profile becomes depleted It Is assumed that there is a reduction in

plant growth (production) and that the crop would eventually die with ex

tended dry periods. This technique can simulate the interactions of the

timing and quantity of precipitation events (actual or based on stochastic

probabilities), soil water holding capacities, catchment runoff ratios, crop

water requirements, and plant rooting depth characteristics for sustaining

crop production.

Initial evaluations dealt with doslgnlng a runoff farming system for growing

a one-irrigation barley (llordcun vulgare L.) that was developed for use

under climatic and irrigation conditions of limited water avollablllty.

With a single Irrigation which fills the soil profile (estimated to be 100

to 200 mm) near the time of planting, the barloy will produce n yield of

2000-3000 kg/ha (Ottman et al., 1988). The barley germinates and produces a

plant with as little as 75 to 100 mm of water (personal communication, R.T.

Ramage). These water requirements are 50 to 60% less than the normal water

consumptive use of barley (F.rle ct al., 1982). The grain yields arc less

than would be doslrcd for optimum production, but they are of sufficient

size to be economically viable as a sustainable return.

The water requirement characteristics of the barley are a desirable feature

for runoff farming applications. Water can be collected and stored In Che

soil profile prior to seeding. After sufficient water has been stored nnd

the temperature/sol1-surface conditions are favorable, the crop can be

planted. This permits selecting various cultural practices (fertilizer,

seeding rate, time of seeding, etc.) to meet the conditions prior to

planting and reduces the risk of an economic loss from planting In times

when there is insufficient water to produce a crop.



DESIGN CHARACTERISTICS

The conceptual runoff farming system consists of a series of contour strips

with 1 meter wide cropping areas. The upslope water contributing area

(catchment) is cleared and compacted on a 5-8 percent slope. For this ex*

■imple the soil is assumed to be a sandy loom with a bulk density of 1.65, a

water holding capacity of; 1/3 bar - 18% by weight, 15 bar - 4% by weight,

ind a usable water holding capacity of approximately 2,3 nun per en of depth.

The first step was to determine if sufficient precipitation could be col-

toctcd to fill the soil profile prior to the planting date. The one-Irriga

tion barley does not require any additional water after planting, providing

chore Is sufficient soil moisture at the planting depth to germinate the

seeds and provide Initial root growth. In southern Arizona, barley is

planted in November or December. The summer rainy season starts shortly

after I July. The runoff farming system must bo able to collect sufficient

vnter to fill the soil profile during the period of 1 July through 30 Novem

ber and store the collected water until needed by the crop.

Fhe evaluation assumes a water loss of 5 mm per week by evaporation from the

cop 10 cm of soil until the soil moisture level Is equivalent to IS bars

(Jnrkson re nl., 1976). It is also assumed that the catchment runoff Area

requires n threshold rainfall vnlue of 6 mm before runoff occurs (Frasler,

1975b). Runoff efficiencies, after the threshold was exceeded, of 40 and

50% and runoff:runon area ratios of 0:1, 1:1, 2:1, and 3:1 were evaluated.

The rntLo of 0:1 was Included to provide a base for evaluating the effec

tiveness of additional area in providing soil water.

Fhe simulation used the daily precipitation amounts measured at Tucson,

\rlzona for the 10 year period 1950 through 1959. Dally rainfall quantities

(July through November) were totaled into weekly values, 4 weeks per month

for a total of 20 periods per water year. This approach makes the assump

tion that there is only one rainfall event per week. For each weekly per

iod, the soil water balance was calculated in 10 cm layers to a depth of 300

RESULTS

The yearly simulated quantities of total water stored in the soil profile

for each area/efficiency combination for the period of 1 July through 30

Jovcmbftr are presented in Figures In and lb. Assuming thnt a total of 100

nm of water is required to maintain a viable plant, there were 3 years out

if the 10 years when there was insufficient water from the rainfall alone

(0:1 ratio). These levels of rainfall would probably not produce sufficient

*roin to be of any beneficial use. If It Is assumed that 150 to 200 mm of

stored water will provide a sustainable, economic level of production, then

mtchmont ratios of 1:1 at 60% runoff and 2:1 at 40% runoff would be satis-

factory In fl out of ten years. Similar analysis can be developed for other

luniiti c tcs of required wnter. It Is probably not economically feasible to

leslf.n a system that would provide a sustainable return every year. Some

cypo of risk analysis should be utilized to evaluate the effect of having a

failure due to below normal precipitation quantities.

^Inrr (ho barley dons not require any additional precipitation If planted

-r 11 It NuMIrlPut soil wntcr. It Is possible to decide If It Is worth the risk

to plant by monitoring the precipitation and soil moisture accumulated up to

die actual planting date. If there is insufficient soil moisture in the

profile, the crop is not planted. With this criteria, the crop in this

example might not have been planted In the years 1953 and 1956. The cost to

the farmer for these two years would only be the maintenance of the runoff

farming system. This approach does not provide a crop in the low rainfall

vears hut It does limit the monetary loss to the farmer. Under some cir

cumstances, the system can be enlarged which possibly would reduce the nun-

'tor of years with a complete failure. The added cost for a larger system
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Fig. 1. Simulated quantities of water stored in the soil profile for var

ious runoff: runon ratios and catchment runoff efficiencies using

Tucson, Arizona precipitation for the years of a) 1950-54 nn«l b)

1955-59.



would huve to be balanced against the benefits of reducing the chances of a

crop failure In low rainfall years. This Is a decision that must be made at

the farm level.

SUMMARY AND CONCLUSIONS

Runoff farming Is an alternative to large Irrigation projects and offers a

me nil."; for the local people to gain some Independence from Federal money

(Billy. 1981). Runoff farralnp, is most successful when tho objective Is to

iissuio .in acceptable and dependable harvest--not necessarily to Increase

unit yields (Anaya, 1981). Collecting surface runoff water during periods

of excess rainfall and using It during subsequent dry periods in the rainy

season or early In the dry season markedly decrease the risks involved in

ralnfcd agriculture (Krantz. 1981). The crops selected for use with runoff

farming systems should have a relatively low water requirement, be able to

survive moderate droughts, be deep rooted to utilize deep stored moisture,

and have a high economic (local) value (Mlelke and Dutt, 1981).

A simulation model was developed that allows for the evaluation of a water

balance in the soil profile. This technique permits the evaluation of the

effect of precipitation variability (quantity and timing) on the potential

performance of various farming system designs. The approach Is Illustrated

by desLgnlng a runoff farming system for growing a low water requirement

barley In southeastern Arizona.
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