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ABSTRACT

Recognizing the need for water efficient food production systems

in semi-arid regions of the world, a Desert Strip Farming system (a

method of water harvesting) was designed and constructed at Page Ranch

to determine the feasibility of double cropping at that location. Crops

grown during two consecutive winters offered only limited data due to

animal problems, but the intervening summer crop of sorghum demonstrated

the potential of the system with significant yields on less than 150

millimeters of rainfall. A detailed account of the design and construc-

tion of the system is included, as well as guidelines for determining

the applicability of such a system to other semi-arid regions of the

world. Five specific locations are outlined as examples of regions that

could support double cropped agriculture using water harvesting agro-

systems.

viii



INTRODUCTION

Water is often the limiting natural resource in arid and semi-

arid regions of the world. Where shortages exist, those concerned with

augmenting the available water supply have focused their work in two

areas:	 (1) the development of new sources; and (2) the conservation of

existing ones.

Water resource developers have been successful in many areas of

the world by either exploiting untapped resources such as ground water

or by transferring unused surpluses from a well watered basin to one

that is water deficient. The Kufra Oasis in Libya is an example of

ground water development while one of the most outstanding examples of

interbasin transfer is irrigation of the Imperial Valley in California

with water from the Colorado River.

New sources, however, are becoming increasingly more difficult

and costly to develop. Declining water tables and increasing pumping

costs are limiting ground water development while surface water use may

be limited (and wisely so) by environmental concerns as well as the fact

that there are simply not many surface sources left that are not already

being utilized to their fullest.

Attention, then, has been increasingly turned towards conserva-

tion of existing water resources. The proverb "A penny saved is a penny

earned" applies to water conservation. Every liter of water not wasted

is one more liter available for utilization. By far the largest
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consumer of developed water supplies is the agricultural sector of soci-

ety. It follows, then, that the greatest potential for water conserva-

tion lies in agriculture.	 In the United States, for example, 46 percent

of all developed water supplies is used for irrigation (Schwab et al.,

1966). Relatively small improvements in the efficiency of water use in

agriculture could mean large savings for the rest of society.

The greatest potential for augmenting available water supplies,

however, lies in the development and conservation of precipitation.

Though some precipitation is used for growing crops and replenishing

lakes, rivers, and ground water reservoirs, it is estimated that up to

95 percent is lost to evaporation in semi-arid and arid regions of the

world (Peterson, 1970).	 In Arizona, typical of the semi-arid regions of

the world, that figure is 90 percent. That means that of the average

100 billion cubic meters of rainfall Arizona receives in a year, 90 bil-

lion return to the atmosphere without being productively used. As agri-

cultural, industrial, and municipal interests combined only use less

than 9 billion cubic meters of water annually, simple arithmetic shows

that even a 10 percent reduction in evaporation losses would double the

quantity of water available for society in Arizona (Fangmeier, 1979).

Besides water, but related to it, another great need in arid

and semi-arid regions, and indeed throughout the world, is more food.

Growing populations are putting an increasing burden on food supplies

that are not meeting the increased demand. Arid and semi-arid regions

are especially sensitive to this need as the unpredictable factor of

drought is a recurring reality.
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There exists a need, then, for an agricultural system that can

utilize unused precipitation to increase food production. One such sys-

tem that satisfies this need is water harvesting for agriculture.

By definition, water harvesting is the "practice of collecting

water from an area treated to increase runoff from rainfall and snow-

melt" (Myers, 1975). The water thus collected is applied directly to

fields or orchards, or channeled into storage reservoirs for later use.

The underlying principle is that though natural precipitation may be in-

adequate to raise crops throughout a given region, there would be enough

water for crops if only portions of the region were planted and rainfall

on the uncultivated portions were channeled onto the cropped areas. An

example will serve to illustrate this principle. Given a 10 hectare

field in a region where rainfall averages 100 millimeters in the growing

season, it is obvious that planting the entire field in corn would be a

futile endeavor. But, if only 2 hectares were planted in corn and all

the rainfall that fell on the remaining 8 hectares were channeled to the

2 hectare planted area, an equivalent to 500 millimeters of water could

be potentially applied to the corn (i.e. 100 millimeters in direct pre-

cipitation and 400 millimeters of "harvested" water). That quantity

would be sufficient to grow corn.

The above example also serves to illustrate an important concept

in water harvesting - the catchment/cultivated area ratio (CCAR). In

the example, the 8 hectares from which rainfall is harvested are consid-

ered the catchment area, while the 2 hectares planted in corn are con-

sidered the cultivated area. Thus the CCAR equals 4. In the design of
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water harvesting systems, the CCAR depends on the crop water require-

ments, the funoff efficiency of the catchment area, and the expected

rainfall quantity and distribution.

The preceding example shows how water harvesting can both aug-

ment water supply and increase food production. First of all, because

water harvesting relies exclusively on local precipitation as its water

source, there is no increased demand on ground water or surface water

sources. Conventionally irrigated farms that convert to water harvest-

ing would free up their previous water sources for other uses. Secondly,

precipitation is used more efficiently. Instead of falling over a broad

area and only penetrating the soil surface a few centimeters and then

being lost to evaporation on subsequent days, rainfall is encouraged to

runoff so that it can be collected in reservoirs or concentrated on a

smaller area where it will percolate deeply into the root zone to be

used by plants as needed. Some of the simplest water harvesting systems

conserve 20 to 40 percent of the precipitation while more elaborate sys-

tems make use of 90 percent and more.

As to increasing food production, the use of water harvesting

makes it possible to both increase yields and to put new land into pro-

duction. In arid and semi-arid regions where water is often the factor

limiting dryland crop yields, water harvesting can supply the additional

moisture needed to overcome that limitation. In regions where rainfall

is insufficient to produce even a minimal crop, water harvesting can

offer the potential to bring those areas into production.

One of the shortcomings of water harvesting agrosystems is their

fundamental reliance on rainfall, an unpredictable water supply. Even
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the best system will fail under prolonged drought. Nevertheless, just

as certain crops are considered drought tolerant, so also water harvest-

ing systems can be considered drought tolerant to a degree. Because the

entire root zone is often replenished after significant storms in well

designed systems, crops can tolerate longer periods between rainfall

events. Thus, where drought occurs as the result of poor timing of

seasonal rainstorms, water harvesting systems can aid in minimizing or

even eliminating the consequences of such droughts.

A number of water harvesting systems have been developed to suit

the particular requirements of a given region, type of crop, and rain-

fall pattern. Though many systems have been proposed, this study fo-

cuses on the system called "Desert Strip Farming". It is similar to

conventional dryland strip cropping in that the cropped area is planted

along the contour. A big difference, however, is that the fallow area

becomes the catchment area and is usually treated to promote runoff.

Furthermore, the cultivated area has a small dike on the downhill side

to trap runoff water in the cropped strip. Another difference is that

unlike strip cropping where the ratio of fallow to crop is usually 1:1,

the CCAR for Desert Strip Farming varies for each specific site.

Objectives 

The objectives of the study are two-fold:

1. To demonstrate that Desert Strip Farming can be used to

grow two crops per year in certain semi-arid regions.

2. To identify the regions, soil conditions, climates, and

topography that could benefit from this particular system.



LITERATURE REVIEW

A review of the literature regarding water harvesting was made

to trace the development of various water harvesting systems and to

identify the environmental conditions favorable for water harvesting in

arid and semi-arid lands.

Harvesting water for agricultural production is not a new en-

deavor. Archaelogical evidence shows that water harvesting systems were

used in the Near East by the ancient Israelites, Nabateans, Romans, and

Byzantines (Hillel, 1967). Navajo Indians in America's Southwest have

long used and are still using water harvesting techniques (Dutt, 1978).

Other peoples and nations have used water harvesting to make life possi-

ble in arid regions, but systematic research in modern times dates back

to only the early 1950's. In the nearly thirty years that research has

been carried out, old systems have been perfected and new systems devel-

oped. The 1974 Water Harvesting Symposium held in Phoenix, Arizona

brough together some of the most prominent researchers in the world to

share ideas and discoveries related to water harvesting systems (Frasier,

1975).

Because each system must be designed for a specific set of en-

vironmental conditions, it is rare that any two are alike. Nevertheless,

water harvesting systems can be broken down into six general categories:

(1) Roaded Catchments; (2) Conservation Bench Terraces; (3) Water

Spreading; (4) Microcatchments; (5) Desert Strip Farming; and

6
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(6) Miscellaneous Systems. Variation within categories are primarily

due to the method of treatment of the catchment area and the method of

storage of harvested water.

Roaded Catchments 

The Public Works Department in Australia were innovators in the

development of roaded catchments, receiving their inspiration from the

observation that well compacted roadways ran water during light rain-

storms when adjacent undisturbed areas failed to do so (Burdass, 1975).

As constructed, roaded catchments look like a series of parallel roads,

cambered steeply and compacted to induce runoff. Channels between the

catchments serve to collect runoff and to direct it into a common col-

lection drain which in turn flows into a storage tank. This system is

most commonly used for livestock watering in Australia, but variations

of this system are used to grow grapes in Arizona. Grapevines are

planted in the waterways and surplus runoff stored in open reservoirs in

a project at Page Ranch, Arizona (Dutt and McCreary, 1975).

Hollick (1975) and Frith (1975) presented guidelines for the

design and construction of the basic roaded catchment as used in Austra-

lia, emphasizing proper geometrical layout, the need to expose subsoil

clay, adequate compaction of the catchment area, and hydraulic design of

the waterways. Since 1949 when the first roaded catchments were con-

structed, 2500 have been constructed in Australia, making them the most

common method of water harvesting in the world (Cooley, Dedrick, and

Frasier, 1975).
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Conservation Bench Terraces 

A. W. Zingg, a research agricultural engineer in Texas, is

credited for the initial design of conservation bench terraces. In a

conservation bench system, both the catchment and the cultivated area

are cropped. The bench is formed by leveling a swath along the contour

and forming an embankment on the downhill side. The dike then retains

runoff from the catchment area whose natural slope directs runoff onto

the bench. Zingg and Hauser (1959) found that once infiltrated, this

added moisture served not only to increase yields, but also permitted

the bench to be cropped on an annual basis. Common practice in the re-

gion was to practice summer fallow, thereby cropping only two out of

three years.

Further research with conservation bench terraces in Kansas,

Colorado, Montana, and North Dakota, as well as Texas served to rein-

force Zingg's findings. Hauser (1968) determined that farm production

was increased by a factor of 1.5 over a period of 10 years in Texas

using conservation bench systems. Cox (1968) researching in Kansas,

found that sorghum yields on the benches were 27 percent greater than

sorghum planted on the slope. Mickelson (1968) determined that soil

moisture storage in benches during 7 months was almost the same as stor-

age on fallow land over a 19 month period in Colorado. Bench terraces

were found to be useful in trapping snow in Montana, which led to in-

creased soil moisture storage and consequent increased crop production

(Black, 1968). In North Dakota, conservation bench terraces nearly

doubled alfalfa and bromegrass yields as compared to yields on naturally

sloping land (Haas and Willis, 1968).
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Though most research on conservation bench terraces has focused

on summer crops, Jones and Hauser (1975) recognized the possibility of

using the system for winter wheat production, which would allow the

benches to be cropped on an essentially continuous basis.

Water Spreading 

Water spreading is perhaps the oldest and most widespread method

of using runoff water for agricultural production. There are basically

two types of water spreading systems: (1) detention of floodwaters in

seasonal watercourses; and (2) diversion of floodwaters onto adjacent

floodplains.

Detention of floodwaters in their natural courses is accom-

plished by the construction of low dikes or brush fences across the

watercourse to retard flow and encourage infiltration. The wetted soils

behind the dikes are then planted in crops. If properly designed and

constructed, sediment builds up behind the dikes to create a series of

step terraces in the watercourse. Such systems were used in ancient

times in the Middle East, South Arabia, and North Africa and are be-

lieved to predate irrigation (National Academy of Sciences, 1974). Re-

constructed systems in the Negev Desert are used to grow field and pas-

ture crops (Evenari et al., 1968). Similar systems are found in Saudi

Arabia and Yemen (Fogel, 1979) and were observed in Chad by this author.

Diversion of floodwaters onto adjacent floodplains is accom-

plished by the construction of small diversion dams in ephemeral stream-

beds. The floodplain is diked and/or leveled to spread the runoff water

onto adjacent cultivated plots. Such systems are being used in Pakistan
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and Australia (National Academy of Sciences, 1974), though they are not

as common as detention systems.

Microcatchments 

The development of microcatchment water harvesting systems is

commonly attributed to researchers in the Negev Desert of Israel, but

olive growers in Tunisia have been using the system since ancient times

(National Academy of Sciences, 1974). A microcatchment is a plot of

land surrounded on four sides and constructed such that runoff collects

in one corner. A small basin is excavated in that lowest corner and is

planted with a single plant. An entire field can be divided into sepa-

rate microcatchments which then takes on the appearance of a large

checkerboard with trees planted in the lowest corner of each square.

Researchers at Wadi Mashash in the Negev Desert, where annual precipita-

tion averages 100 millimeters, have successfully grown fruit and nut

trees with this system for 14 years (Evenari et al., 1975). Shanan

(1970) reports the use of microcatchments for improving saltbush yields.

Yields were doubled on land that was divided into 32 m 2 microcatchments.

Research at the University of Arizona uses a form of microcatch-

ments to improve rangelands. Called "microbasins", they are formed by a

special tractor-drawn machine which plants the seed as well. Successful

seedings have been established in nine different Arizona locations (Hinz

and Frost, 1979).

Desert Strip Farming 

Desert Strip Farming, as described in the introduction, is simi-

lar to the Conservation Bench Terrace system except that more attention
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is given to the catchment area. Instead of being planted, the catchment

area is often cleared of vegetation, shaped, smoothed, compacted and

even treated with sealants to increase runoff efficiency. In Israel,

this system is referred to as "Shananim" when the slope of the land is

artificially increased to promote runoff. Shanan and Tadmor (1976) give

details for design and construction of this system.

Morin (1977) used desert strip farming to grow sorghum in Ari-

zona. His computer model of the system predicts significant yields in

two years out of three for Tucson. He comments that in years of above

average rainfall, flooding and waterlogging of the soil is a problem un-

less the system is designed to deal with surplus runoff. Fangmeier

(1975) also notes this problem as well as the problem of late germina-

tion due to late arrival of the first rains of the season in his simu-

lated water harvesting experiment.

Miscellaneous Systems 

The aforementioned systems all use the soil as a part of the

catchment area. It can be cleared, smoothed, compacted, salted, cov-

ered, coated, or waxed to make it more efficient, but there are various

other systems that don't include the soil as an integral component of

the system. They are listed here under miscellaneous systems for want

of a better expression.

Bedrock or other rock outcroppings make excellent catchment

areas and are simple to set up and easy to maintain. They usually re-

quire only clearing of debris and the building of a short concrete wall
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to channel the runoff to a storage tank or reservoir. Several are oper-

ating successfully in Arizona (McBride and Shiflet, 1975).

Urban runoff is a subject of study by Resnick (1979) and other

researchers. Parking lots, rooftops, streets, and other impermeable

surfaces typical to urban areas contribute vast quantities of runoff to

city storm sewer systems. Water quality is a concern, but preliminary

investigations show that after one or two rainfall events to clean up

the system, subsequent runoff quality is markedly improved.

Research in Wyoming indicates a potential of 400,000 cubic me-

ters of runoff could be harvested for livestock watering or forage pro-

duction along Wyoming's 2300 hectares of paved highways. Experimental

cultivation of hay in the medians and along the sides of a 14 kilometer

section of highway resulted in yields as high as 8 metric tons of qual-

ity hay per kilometer (Evans, Woolhiser, and Rauzi, 1975).

Many other possible methods of water harvesting exist, as vir-

tually any surface that sheds water can be used in a water harvesting

system.

Methods of Treatment 

Water harvesting research in the United States has been primar-

ily concerned with methods of treating the catchment area to increase

runoff efficiency. Various methods, materials, and techniques have been

tested with an equivalent variety of results. Since many treatments are

site specific, researchers often may not agree on the effectiveness of a

specific treatment. Table 1, though not a comprehensive listing of all

results of treatment research, presents values indicative of the various



Table	 1.	 Runoff Efficiency,	 Estimated Life	 Expectancy, and
Installation	 Cost	 for Selected Catchment Treatments
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Average
Runoff Estimated Average
Efficiency Life Cost/Ha

Treatment (%) (years) ($U.S.) Sourcet

None	 (vegetated) 5 Indef. 0 5

Clay 15 5 625 2

Bentonite 19 5

Bitumen 21 1,650 2

Oil	 Primed 25 1,250 2

Compacted Earth 45 Indef. 600 1

Compacted, Sodium Treated 55 Indef. 1,250 1

Butyl	 Rubber 56 - 5

Butyl	 Rubber 100 - 6

Gravel	 Covered Polyethylene 57 6

Gravel	 Covered Polyethylene 70 20-25 5,000 1

Paraffin Wax 84 2 6

Silicone/Latex 87 3 1,750 3

Asphalt-chip coated
w/Polyethylene 90 10-15 6,100 1

"F125" 95 - 2,500 4

Sprayed Asphalt 95 3 11,000 7

Asphalt-fiberglass 95 6

t
1. Cluff	 (1975) 5. Mickelson	 (1975)

2. Laing and	 Prout	 (1975) 6. Frasier,	 Cooley,	 and Griggs (1979)

3. Pleuddemann	 (1975) 7. Myers,	 Frasier,	 and Griggs (1967)

4. DeJong and Wallace	 (1975)
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treatments. Where possible, the runoff efficiency, estimated life ex-

pectancy, and installation cost of the treatment are listed.

The table shows that a number of options are available in the

treatment of water harvesting catchments. Choosing the best treatment

methods depends on numerous factors, including the value of the har-

vested water, land costs, soil texture, and site accessibility. Hence,

no one treatment is "best" for all situations.

Methods of Storage 

There are basically two methods of storing harvested water, in

the soil or in some type of reservoir. Though storage methods are an

integral part of water harvesting systems, they are really a topic in

themselves and will only be treated briefly here.

Storing moisture in the soil is the simplest and most common

method of handling harvested water. Besides its simplicity, another

advantage is that moisture loss by evaporation is generally less from

the soil surface than evaporation from free water surfaces. A further

advantage is that no energy is required to pump water from reservoir to

field as the soil used as a reservoir is the same soil in which crops

are planted. The major disadvantage of using soil for moisture storage

is the variability of the weather. In arid and semi-arid regions, there

is always a risk that the soil will reach the permanent wilting point

before the next rainfall. Furthermore, there is the risk of waterlog-

ging when rainfall is above average.

Reservoir systems, on the other hand, do not have the disadvan-

tages of soil storage systems. Water can be taken from the reservoirs
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as needed and applied to the crop. Flooding is likewise not a problem

as surplus water is designed to fill the reservoir or overflow out of

the system. The main disadvantages are seepage, evaporation, and cost.

Closed reservoirs such as tanks with floating covers or collapsible bags

have worked, but again, the cost is increased. There may also be a cost

in pumping irrigation water from the reservoir to the cultivated areas.

Cluff (1975) and Dedrick (1975) have worked extensively on reservoir

storage systems.

Environmental Prerequisites 

Water harvesting systems for agricultural production have been

proven successful in many parts of the world. Nevertheless, there are

certain environmental conditions that must be met before attempting to

set up such a system. The three most important considerations are:

(1) soil; (2) precipitation; and (3) topography (National Academy of

Sciences, 1974).

Soil

Soils for water harvesting systems must meet several criteria.

The National Academy of Sciences (1974) lists four:	 (1) crust-forming

or impermeable soils on the catchment areas; (2) a high water holding

capacity in the cultivated areas; (3) not more than 2-3 percent salinity

in the cultivated areas; and (4) a minimum of 1.5-2 meters of soil depth

in the cultivated areas.

Evenari et al. (1975) report that loess soils in the Negev

Desert of Israel are ideal for water harvesting because of their crust-

forming characteristics and water holding capacity of 24 percent. In
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general, it is the fine to medium textured soils that have the highest

water holding capacities and low infiltration rates for water harvesting

systems (Schwab et al., 1966). Coarse textured soils could be used, but

only if the soil were artificially sealed and harvested water were

stored in some reservoir other than the soil.

Salt affected soils may actually be attractive for water har-

vesting systems. Dutt and McCreary (1975) report that sodic soils could

possibly be reclaimed and planted in strips, leaving the unreclaimed

portions to serve as catchment areas.

Precipitation

The National Academy of Sciences (1974) suggest a minimum mean

precipitation of 80 millimeters per rainy season if the rainy season

coincides with the cold period of the year and more if it occurs during

the summer. Cooley et al. (1975) concur, but Evenari et al. (1975)

comment that water harvesting systems on soils that do not crust may

require up to 200 millimeters annual rainfall. Double cropping is pos-

sible if annual precipitation falls in two distinct seasons or if one

rainy season is long enough for two crops to mature.

Topography

Frasier et al. (1979) reported that catchments with slopes

greater than 8 percent have serious erosion problems. Shanan and Tadmor

(1976) write that "gently sloping plains (1-3 percent gradients) without

gullies, channels and local depressions" are ideal. They add that

slopes steeper than 7 percent may lead to erosion problems where the

length of overland flow on the catchment area exceeds 10 meters.



FIELD EXPERIMENTS.

The field experiments for this study were undertaken over an

eighteen month period from November 1978 to May 1980 at the University

of Arizona's Page-Trowbridge Experimental Ranch (hereinafter referred to

as Page Ranch). As shown in Figure 1, Page Ranch is located thirty

miles north of Tucson and seven miles west of Oracle on a desert plane

sloping westward from the Catalina Mountains. Water harvesting research

had been carried on informally by Mr. Page in the early 60's and con-

tinued by Dr. Gordon Dutt of the University of Arizona in 1972. This

past history of water harvesting research combined with favorable soil

and climate conditions made Page Ranch a logical choice for this study.

Climate, Soil, and Topography 

At an elevation of 1110 meters above mean sea level, the climate

at Page Ranch is noticeably different from that of lower lying Tucson.

Instead of a pattern of heavy summer rains and lighter winter rains,

Page Ranch is in a region that receives nearly equal quantities of rain-

fall in the summer and winter months. This characteristic makes it an

ideal location for double cropping.

Rainfall data for Page Ranch has an eight-year record which

Shanan and Tadmor (1976) consider too short for good design of hydraulic

systems. Nearby Willow Springs Ranch, however, has a 35 year record

which is considered adequate for hydraulic design. Correlating 42

17
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Fig. 1. Location of Page Ranch in Relationship to Tucson and Oracle,
Arizona
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months of precipitation data from Willow Springs Ranch (U. S. Weather

Bureau) and Page Ranch indicates a nearly one-to-one relationship

(Fig. 2).	 Hence, the rainfall data for Willow Springs Ranch (Fig. 3)

was used for the design of the water harvesting system at Page Ranch.

Average monthly temperatures are 7°C in winter and 27°C in summer at

Willow Springs Ranch.

Both Whitehouse loam and Pima clay loam soils are encountered at

Page Ranch. The 0.6 hectare field has Pima soil on the north portion

and Whitehouse on the south. Texture profiles and corresponding avail-

able water holding capacities are shown in Figure 4. The capacity of

these soils to hold plant-available moisture is adequate for water

harvesting systems.

The topography varies with 2 to 5 percent slopes, well within

the range recommended for erosion control by Frasier et al. (1979).

Design of the System 

Guidelines for the design of the desert strip farming system are

given by Shanan and Tadmor (1976). The critical design parameters to be

determined before construction were:

(1) type of treatment on the catchment area;

(2) size, shape, and layout of the system; and

(3) slope of the catchment area.

Type of Treatment

As indicated in the literature (see Table 1), a multitude of

treatments are possible to increase runoff on the catchment area. Each
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WHITEHOUSE	 PIMA

DEPTH	 A.W.	 DEPTH	 A. W.
(cm)	 (cm)	 (cm)	 (cm)

0
Loam Loam

Clay
Loam 5.1 Clay 4 6

25 25 Loam

Clay
Silty

50 50 Clay
Loam

3 8

6.4
Sandy
Clay

75	 •
Loam

75 Clay
Loam 5 1

Silty
Clay 6.1

10 0 Loam 1 00
Loam 4 .6

125 .
Loam 48

125 Clay
Loam

5 .8

Clay
150 150

	TOTAL AVAILABLE WATER = 22.4 cm	 TOTAL AVAILABLE WATER = 23.9 cm

	

TOTAL FIELD CAPACITY = 44.7 cm	 TOTAL FIELD CAPACITY = 54.9 cm

Fig. 4. Page Ranch Soil Profiles



23

treatment has its unique advantages and disadvantages. The salt treat-

ment used by Dutt on other plots at Page Ranch has the dual advantage of

both increasing runoff efficiency and helping to control unwanted vege-

tation. Furthermore, it has proven its effectiveness on the soils pecul-

iar to Page Ranch. The major disadvantage of salt treatment, however,

is its initial cost. Though many times cheaper than paraffin, silicone,

asphalt or other such treatments, the recommended 12 tons of salt per

hectare nevertheless represents a significant investment. As it is com-

monly agreed that such expense is only justified when the value of the

crop is relatively high, salt treatment was rejected as an alternative

for a system that produces annual grain crops. The cost factor is

especially significant when considering the fact that this system was

envisioned primarily for semi-arid regions of the Third World where per-

capita incomes are generally quite low.

The next best treatment, then, appeared to be simple clearing,

smoothing, and compaction of the soil surface. Such a treatment can be

accomplished using normal farming equipment except for the compaction

operation, which requires a roller-compactor. For compaction to be

effective, a significant amount of clay must be present in the top 15

centimeters of soil, but not so much that the surface would swell when

wet and crack upon drying. Analysis of the soil profiles (Fig. 4) indi-

cated that plowing to a depth of 30 centimeters would bring the needed

clay loam to the surface for adequate compaction and creation of a

relatively impermeable surface.
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Size, Shape, and Layout of the System

To accommodate standard farm machinery used in cultivation,

planting, and harvesting, a uniform width of 2.4 meters was used for all

cultivated areas. This width corresponds to the largest piece of equip-

ment expected to be used.

The determination of the width of the catchment area, however,

is much more complex and depends on three factors: (1) the type of crop

to be grown and its moisture requirement; (2) the runoff efficiency of

the catchment area; and (3) the expected seasonal quantity of precipita-

tion.

Type of Crop to be Planted. Crops to be successfully grown in

water harvesting systems need to be deep-rooted to take full advantage

of the moisture stored in the soil profile. In addition, the crop

should have a certain tolerance of drought to withstand dry periods

between rainfall events. Finally, the crop should be adapted to the

soil and climate of the region.

With these criteria in mind, it was decided to grow wheat during

the first winter and sorghum during the following summer. The water

requirements of these crops closely correspond to the precipitation pat-

tern at Page Ranch. According to Erie, French, and Harris (1965) wheat

has a consumptive use of 585 millimeters and sorghum will use 645 milli-

meters at Mesa, Arizona.

Runoff Efficiency of the Catchment Area. The runoff efficiency

of the catchment area was determined by the construction of a simple

onsite runoff test plot (Fig. 5). The 9.3 m 2 (100 feet2 ) plot slopes at

3 percent and is bordered on three sides by a 5 centimeter mound of soil
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1
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25

Fig. 5. Plan View of Runoff Plot
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and empties into a collecting gutter on the fourth and lowest side. The

10 centimeter diameter gutter is made from a PVC pipe split lengthwise

and is buried level with the soil surface.	 It collects runoff and

drains into a 200 liter oil drum open at the top and set in the soil so

that the mouth projects several centimeters above the soil surface ..

After an initial rainstorm the surface of the runoff plot was

cleared and compacted and readied for use. Subsequent rainfall events

were recorded and resulting runoff measured. Corrections to the runoff

volume were made for direct precipitation into the drum and gutter.

Table 2 shows the results of eighteen rainfall events. Observation of

the table shows that runoff efficiency is greater for the larger storms.

For small storms, most of the precipitation is lost to the demands of

initial infiltration and depression storage, while larger storms bring

sufficient water to both satisfy these demands and produce significant

runoff. The initial quantity of precipitation required to produce run-

off is called the threshold value. Runoff efficiency also increases

with precipitation intensity, but this factor was not measured.

The results of a regression analysis of the precipitation/runoff

relationship are shown in Figure 6. The line of best fit indicates a

threshold value of 3.7 millimeters and runoff coefficient of 0.4 for

rainfall exceeding the threshold value. In order to use these factors

in the design of water harvesting systems, it would be necessary to

determine the frequency distribution of various size storms over a given

season (see S:lanan and Tadmor 1976, p. 70). It would have been more

precise to do it that way, but this design was based on average seasonal

precipitation, and consequently an average runoff efficiency for all



Table 2.	 Runoff Plot Data
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Precipitation Equivalent	 Depth Runoff Efficiency
t

Date (mm) of Runoff (mm) (%)

1. 8/21/78 13.7 4.3 32
2. 9/ 3/78 4.3 .5 12
3. 9/ 8/78 24.9 14.8 59
4. 9/25/78 3.8 0 0
5. 10/21/78 40.6 21.1 52
6. 10/24/78 6.3 1.0 16
7. 11/12/78 17.0 6.7 39
8. 11/15/78 15.2 4.3 28
9. 11/24/78 63.5 22.65 365
10. 12/18/78 50.8 18.9 37
11. 12/28/78 38.1 8.2 22
12. 1/	 7/79 21.6 4.7 22
13. 1/18/79 30.5 11.9 39

14. 1/30/79 31.8 9.8 31

15. 2/ 4/79 6.1 1.0 16

16. 2/20/79 7.6 0 0

17. 3/	 3/79 4.3 0 0

18. 3/18/79 7.6 0 0

TOTAL 387.7 129.8 33
fit

t Runoff Efficiency
Equivalent Depth of Runoff 

Precipitation	
x 100

§
Estimated values, runoff barrel overflowed

ttAverage runoff efficiency based on total runoff and
precipitation values (387.7	 129.8 = .33)
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storms was used. The resulting value of 33 percent was obtained by

dividing the total runoff by total precipitation for the test period as

shown in Table 2.

Expected Seasonal Quantity of Precipitation. As was previously

mentioned, rainfall data for Willow Springs Ranch was used to design the

desert strip farming system at Page Ranch. Figure 3 indicates that 180

millimeters of rain can be expected for the winter season, and that 206

millimeters is the average for summer. To be on the conservative side,

the lower winter rainfall figure was used for system design.

To review, the significant factors in determining the catchment

to cultivated area ratio (CCAR) are:

(1) consumptive use (wheat): 585 millimeters

(2) runoff efficiency: 33 percent

(3) precipitation (winter): 180 millimeters

From these factors, the required amount of harvested water can be cal-

culated simply as the crop consumptive use minus the precipitation.

Harvested water requirement = Consumptive Use - Precipitation

= 585 - 180

= 405 mm

Finally, the CCAR is equal to the harvested water requirement

divided by the product of the precipitation and the runoff efficiency.

Harvested water requirement 
CCAR -

Precipitation x runoff efficiency

405 
180 x .33 

- 68

As the width of the cultivated area was fixed at 2.4 meters, the

calculated catchment width is 6.8 x 2.4 = 16.3 meters.
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The preceding calculations were made using published consumptive

use figures for crops. However, it is known that grain crops will grow

to maturity and produce significant yields even if ideal moisture re-

quirements are not met. Metcalfe and Elkins (1980) report that wheat

and sorghum are commonly grown in areas receiving 380-500 millimeters of

precipitation. Therefore, since the design of systems using consumptive

use figures requires relatively large catchment areas, it was decided to

include a variety of catchment area widths to determine which size would

be the most land efficient. Initially, it was intended to incorporate

three different CCAR's into the design, 6.8, 4.5, and 2.0, but because

of the irregular configuration of the system and non-uniform slope, the

as-built CCAR's were 7.1, 6.4, 4.1, 3.0, and 1.5.

Slope of the Catchment Area

The catchment slope must be steep enough to maximize runoff and

to minimize surface storage but flat enough to prevent erosion. Shanan

and Tadmor (1976) suggest that the magnitude of a non-eroding slope

should be inversely proportional to the square of the length of overland

flow (or catchment width). Maximum values for slope are governed by the

equation:

S - 600

L 2

where
	

S = slope in %

L = width of catchment in meters
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The largest calculated catchment width is 16.3 meters. Hence,

maximum slope for this size catchment is:

600 
S -

(16.
3
)2 

=. 2.3%

The calculated slopes for the other two smaller design CCAR

values are 5.1 percent and 26 percent. However, these values assume

ideal flow conditions (i.e. laminar sheet flow, flow velocity of

5 cm/sec, etc.) Furthermore, the formation of steep catchment slopes

would require much regrading and necessitate removal of top soil from

the cultivated areas. Hence, catchment slopes that conformed more

closely to existing conditions at Page Ranch were used. The slope of

each catchment area as constructed is shown in Table 3.

Table 3. CCAR and Catchment Slope for Desert Strip Farming Plots

Plott	 CCAR	 Slope (%)

2 4.1 4.0

3 7.1 2.4

6 6.4 2.8

7 3.0 3.5

8 1.5 6.3

t
Numbers correspond to those shown in Figure 7.
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Survey and Construction of the System 

A topographic map was prepared on the basis of an elevation sur-

vey of the planned 0.6 hectare area. Using the calculated design para-

meters, the proposed system was drawn up with the intent of maximizing

land use, including several catchment sizes, and making use of the

natural slope of the land. The 2.4 meters wide cultivated areas were

layed out on the contours so that the cropped areas could be leveled

with a minimum of earth movement. An attempt was made to create a sys-

tem with three catchment sizes, but as was stated previously, topo-

graphic irregularities made that impossible. The final as-built plan of

the system is shown in Figure 7.

Construction of the system began with clearing the plot of all

large trees and cacti to prepare the land for plowing. The plots were

then plowed with a single moldboard plow in such a way as to not only

turn under unwanted vegetation and bring clay to the surface, but also

to shape the plots and establish border dikes, as well. If the natural

slope of the land was too flat, it was plowed in such a direction as to

throw the furrow uphill. This served to increase the slope of the

catchment areas. The furrow was thrown downhill where the slope needed

to be decreased. The border dikes, which were needed on the downhill

side of each cultivated area, were created by throwing an extra furrow

from the cultivated area onto the place where the dike was wanted. By

plowing in this manner, several operations were accomplished which

otherwise may have required the Jse of two other implements.

After plowing, the entire field was disked to prepare the catch-

ments for compaction. When soil moisture was deemed adequate, a two-ton
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roller compactor was used to compact the catchment areas, making three

complete passes over each plot.

After these three machine operations were completed, there

remained some work to be done by hand. Whereas plowing along the con-

tours had formed reasonably level strips to be planted, closer toler-

ances were desired to assure uniform wetting of the cultivated area.

This was accomplished with the use of a shovel, wheelbarrow, rake, and

hand level. Though such precision is necessary for research, normal

field production would not require this time-consuming operation. One

essential hand operation, however, was to dike the ends of each terrace

to insure that no collected runoff would be lost.

A final machine operation was the cultivation of each terrace

with a spring-tooth harrow to prepare a seedbed.

First Planting 

After consultation with Dr. Robert Dennis of the University of

Arizona's extension service, it was decided to plant Produra variety of

durum wheat in mid-December. Ammonium Phosphate (16-20-0) was applied

at a rate of 500 kilograms per hectare in early December and on December

15, 1978, the first planting was made at a rate of 40 kilograms per

hectare with a standard seed drill. Within a few days after planting,

winter rains began with a flourish. Observation of the rainfall record

for that season (Table 4) shows that including the 63.5 millimeter storm

received prior to planting, more than 150 millimeters of rain had fallen

by the end of December. That meant that as much as 500 millimeters of

water had already been received by the larger plots. At this point it



Table	 4. Measured Precipitation 	 and Calculated Depth of Water
Applied to Cultivated Areast during Winter 1978-79
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CCAR

Date Precipitation
7.1 6.4 4.1 3.0 1.5

(mm) Depth of Water (mm)

11/24/78 63.5 212 198 149 126 95

12/18/78 50.8 170 158 120 101 76

12/28/78 38.1 127 119 90 76 57

1/	 7/79 21.6 72 67 51 43 32

1/18/79 30.5 102 95 72 61 47

1/30/79 31.8 106 99 75 63 48

2/ 4/79 6.1 20 19 14 12 9

2/20/79 7.6 25 24 18 15 11

3/ 3/79 4.3 14 13 10 9 6

3/22/79 23.1 77 72 54 46 35

TOTAL 277.4 927 863 653 552 415

t
depth of water applied to the cultivated area assumes a runoff
efficiency of 33% and is calculated by the equation:

Depth of applied water	 Precipitation + (Precipitation x CCAR x .33)
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was easy to see what Morin (1977) was talking about when he mentioned

flooding problems during above average rainstorms. Standing water was

observed for several days in a row on the south side of the field where

Whitehouse soils were predominant. Much of the seed would not germinate

under such conditions and seed that did was nearly suffocated by the

saturated state of the soil. When rains and snow continued in January,

it was decided to breach the dikes at the ends of each terrace to allow

surplus water to escape. This drainage system proved satisfactory for

the remainder of the season, but it was already too late. The crop was

virtually decimated. Only two plots on the northern side of the field

in Pima soils had any stand at all.

Once the heavy rains ceased, a new problem presented itself.

Hungry rodents and rabbits, coming out of a long winter of hibernation

in the desert, found the wheat seedlings to be a delectible treat. A

rodent control program was instituted but it never was a complete suc-

cess. Some of the wheat managed to produce heads, but long before the

wheat was ripe, those heads were lost to the hungry animals. Though no

quantitative yield data were gathered that spring, much was learned for

the future. The problems of excess water and hungry animals needed to

be dealt with before a good harvest could be assured.

Second Planting 

During May of 1979 the seedbeds were prepared for summer's crop

of sorghum. Vegetation remaining from the previous winter was incorpor-

ated into the soil with a rototiller and the plots were again fertilized

at the same rate as for wheat. Hard soil prevented the rototiller 
from
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cultivating deeply, and so it was decided to recultivate after the next

rain. As summer rains arrived late, cultivation with a spring-tooth

harrow was not performed until July 25. The plots were seeded by hand

on the following day with R. S. 610, a sorghum hybrid chosen because of

its international popularity and high tolerance of drought. Dr. Robert

Voigt assisted in the selection of this variety and recommended a plant-

ing rate of 10 kilograms per hectare and 0.9 meter row spacings. The

2.4 meter wide terraces were able to accommodate three rows at this

spacing.

As can be seen in Table 5, no heavy follow-up rain occurred

until the second week in August, delaying germination for many of the

seeds. In spite of the late start, the crop began growing vigorously

and by early October, most of the crop had reached the blossom stage.

Rodents were not the problem with sorghum as they were with

wheat. Birds, however, were attracted to the ripening grain. That

problem was taken care of by covering the heads with paper bags. 197

heads were covered in this manner to serve as a representative sample of

the various plots. Finally, on November 9, these heads were hand har-

vested and later dried and weighed at 10 percent moisture content. The

results are given in Table 6.

Third Planting 

For the following winter, it was decided to plant CM-72 barley,

a variety recommended for its drought tolerance. On December 13, 1979 a

standard seed drill was used for planting at a rate of 40 kilograms per

hectare on a previously rototilled seedbed. Subsequent rainfall (see



Table	 5. Measured	 Precipitation and Calculated	 Depth of Water
Applied to	 Cultivated Areast during Summer 1979
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CCAR

Date Precipitation
7.1 6.4 4.1 3.0 1.5

(mm) Depth of Water	 (mm)

6/ 8/79 32.5 109 101 77 65 49

7/19/79 38.1 127 119 90 76 57

7/29/79 3.8 13 12 9 8 6

8/	 5/79 8.9 30 28 21 18 13

8/12/79 30.4 102 95 72 61 45

8/15/79 6.1 20 19 14 12 9

8/18/79 9.7 32 30 23 19 15

9/16/79 4.1 14 13 10 8 6

10/21/79 13.0 44 41 31 26 19

TOTAL 146.6 490 456 345 292 219

t
depth of water applied to the cultivated area assumes a runoff
efficiency of 33% and is calculated by the equation:

Depth of applied water = Precipitation + (Precipitation x CCAR x .33)
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Table 7) was sufficient for good germination but once again the rodent

problem was a serious factor in delaying growth of the seedlings. The

research area was partially enclosed with 45 centimeter-high poultry

fencing, but it proved to be of no avail. In an attempt to salvage at

least some of the crop, a 6.0 m 2 section of each plot was enclosed in

late February, but the salvage attempt turned out to be too late. Rain-

fall had virtually ceased by that time, leaving the barley stunted and

stressed. To add insult to injury, determined rodents climbed the

enclosures to eat what grain there was. At this point, the crop was

written off as a loss and turned over to the animals.

Function of the Catchments 

Clearing and compaction of the soil surface is successful as a

treatment only to the degree that the catchment remains clear, smooth,

and compacted. Uneven settling can cause depressions in which water can

pond on the catchment surface and weed growth can severely decrease the

runoff efficiency of the catchment..

The problem of surface storage was not dealt with during the 18

months that the system was under study. Catchments with flatter slopes

were especially susceptible to this problem. Though no quantitative

study was made of the effects of surface storage on runoff efficiency,

Shanan and Tadmor (1976) suggest that the first 2 to 4 millimeters of a

given rainstorm will be lost to depression storage. The only remedy to

this problem appears to be regrading and recompaction of the catchment

areas on a regular basis. After observing the system in operation for

three successive rainy seasons, I would recommend regrading after the
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Table	 7. Measured	 Precipitation and Calculated	 Depth of Water
Applied to	 Cultivated Areast during Winter 1979-80

CCAR

Date Precipitation 7.1 6.4 4.1 3.0 1.5

(mm) Depth of Water	 (mm)

12/17/79 7.6 26 24 18 15 11

12/26/79 6.4 21 20 15 13 10

1/	 1/80 15.2 51 47 36 30 23

1/16/80 7.6 26 24 18 15 11

1/21/80 48.3 161 150 114 96 72

1/23/80 2.5 9 8 6 5 4

2/ 4/80 7.6 26 24 18 15 11

2/11/80 10.2 34 32 24 20 15

2/18/80 63.5 212 198 149 126 95

2/20/80 25.4 85 79 60 51 38

3/10/80 9.4 31 29 22 19 14

3/17/80 12.7 43 40 30 25 19

3/24/80 6.1 20 19 14 12 9

3/31/80 14.7 49 46 35 29 22

TOTAL 237.2 793 738 558 472 355

tdepth of water applied to the cultivated area assumes a runoff
efficiency of 33% and is calculated by the equation:

Depth of applied water = Precipitation + (Precipitation x CCAR x .33)
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second rainy season and as often as necessary thereafter. I would

assume that subsequent regrading would not have to be as frequent.

Weed growth on the catchment areas were controlled by both chem-

ical and mechanical means. Repeated application of Paraquat with a

hand sprayer during the rainy seasons was effective in controlling all

weed varieties. Roundup was only effective on annual grasses. When

wind and weather conditions did not permit the safe application of her-

bicides, mechanical methods of weed control were used. Hand hoeing,

mowing, and scraping with a tractor-mounted blade were all used, but the

disurption of the soil surface during hoeing and scraping made these

methods less desireable than spraying. A cost analysis of various weed

control methods would be appropriate here. It may well be that in re-

gions where weeds are a persistent problem, the cost of a salt-treated

catchment system (where the salt helps control weeds) may be cheaper

than cleared and compacted systems that require continuous weed control.

Analysis of Results 

Growing crops during the winter at Page Ranch was a difficult

undertaking. Cold temperatures delayed germination and slowed seedling

growth when moisture was most abundant while hot weather in the dry

spring months made it hard for the plants to mature. Furthermore, those

hardy enough to survive the weather fell victim to voracious animals

before the grain could fully ripen. The adverse consequences of these

hazards may be lessened, however, under different circumstances.

One way to combat the weather problem is to only establish such

systems in regions with milder climates. But even at Page Ranch, the
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effects of cold winter temperatures could be minimized by an earlier

planting date. Giving wheat or barley an earlier start would put the

plants in a position to use more of the winter rainfall during the early

stages of growth and the deeper roots thus produced would help to see

the crop through to maturity in the dry spring. Moving the planting

date up a month or so would most likely require planting immediately

after harvest of the summer crop, then waiting for the first rains of

winter to promote germination.

The animal problem is perhaps more difficult to contend with.

They have been a problem in Arizona since man first started growing

crops there, and are especially a nuisance in semi-arid regions where

widespread crop production is not practiced. Those areas that are cul-

tivated create an oasis effect in that hungry animals are drawn to the

farmed plots from miles around because of the lack of green vegetation

in the surrounding areas. It would appear that the only way to minimize

their adverse effect on production is to produce so much grain that the

portion lost to animals would not significantly affect the overall

yields. Just how large the farm would need to be depends on how serious

the problem is, but from my observation of animal damage at Page Ranch,

I would estimate that any given farm in the middle of the desert should

plan to lose up to one hectare of crops to animals.

If the problems of weather and animals can be dealt with, it

appears that there would be a potential for winter grain cultivation.

Figures 8 and 9 show the calculated cumulative depth of water applied to

the various plots in relationship to consumptive use of 
irrigated wheat

and barley. From these figures it can be seen that more than 
the
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Fig. 8. Calculated Cumulative Depth of Water Applied to the Cultivated

Areas and Consumptive Use of Irrigated Wheat, Winter 1978-79
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required moisture was applied for wheat on all but the two smallest

plots. Barley received enough moisture on the two largest plots. All

plots would have most likely produced significant yields, but the exact

quantity, of course, remains unknown. Note also in Figure 8 that the

consumptive use for wheat assumes an end of November planting date,

whereas the wheat wasn't actually planted until med-December. If there

had been sufficient moisture in the soil for germination, it appears

that an even earlier planting would have been best. An end of October

planting date would shift the consumptive use line to the left which

would correlate better with the rainfall pattern.

The summer crop of sorghum fared much better than the two winter

crops. Though total rainfall during the summer season amounted to 146.6

millimeters (nearly half of which fell prior to planting) plants reached

maturity on all plots. Several factors contributed to this success.

First, precipitation during the preceding winter had been well

above average. This fact, coupled with the fact that the wheat crop

fared so poorly, meant that some soil moisture from the winter rains

carried over into summer. Measurements of soil moisture in May with a

neutron probe indicated that about 75 millimeters of available water was

present in the 1.5 meter root zone at that time.

Second, damage due to animals was minimal. For some unknown

reason, rabbits and rodents did not prefer sorghum seedlings to the

natural vegetation. Hence, the plants were allowed to develop rela-

tively unmolested to maturity. Birds could have been a problem, but

timely protection of the heads by bagging prevented any bird problem

from developing.
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Third, the variety of sorghum, R. S. 610, appears to be ex-

tremely well adapted to conditions of drought. Though very little rain-

fall was recorded after emergence, the plants maintained vitality and

produced full, ripe heads.

Figure 10 shows the calculated cumulative depth of water applied

to the plots in relationship to the cumulative consumptive use of sor-

ghum. Not even the largest plots provided enough water for maximum

yields, but the fact that even the smallest plots did produce grain

shows that there is a wide range of possible sorghum yields. This was

expected, as it is known that dryland sorghum production is common in

regions with average rainfalls equal to half the water required for

irrigated sorghum (Metcalfe and Elkins, 1980).

The differences in yields among the various plots were primarily

due to the various quantities of runoff each plot received. There were,

however, other factors that may have affected yields, including varying

soil textures and accuracy of the sampling. Nevertheless, a look at

gross and net yields proves to be an interesting if not statistically

significant endeavor.

Figure 11 shows a general trend of gross yields (grain yield

figured on the basis of planted area only) to increase with increased

CCAR. On the other hand, higher net yields (grain yield figured on the

basis of total land area, both the catchment and cultivated areas) are

achieved with smaller CCAR's. These results indicate that if land was

scarce, or at least the limiting factor in a farmer's plan to increase

production, he should go with a smaller CCAR. On the other hand, land

may not be the limiting factor, as is the case in many sparsely
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populated semi-arid regions. Instead, production may be limited by

human capacity, one family can only cultivate and maintain so much land.

In this case it may be better to use a large CCAR to insure a high

planted area yield and high yield per unit labor. This assumes, however,

that the larger catchment will not require a proportionately larger

amount of time and effort to construct and maintain. This assumption

would only be valid if earthwork and weed growth on the catchment areas

were minimal.

Another factor to be considered in determining the CCAR is

annual rainfall variability. To minimize the risk of total crop failure

in low rainfall years, it would be best to design the system on a rain-

fall figure that is somewhat below the average. For example, if it is

desired to provide yields in four out of five years, it would be neces-

sary to determine the minimum annual precipitation that can be expected

with that frequency. The CCAR calculated on that basis would be some-

what larger than one based on average precipitation figures. A provi-

sion that would further stabilize food supply would be the inclusion of

grain storage facilities in the overall system. A comprehensive agro-

system could then be designed such that surplus production in average

rainfall years would be planned to cover production deficits in drought

years.

Finally, it should be noted that the effects of slope and length

of overland flow on runoff efficiency were not taken into consideration

in the design of the system, nor were they considered when calculating

the depth of water applied to the catchment areas as shown in Tables 5,

6, and 7. To be more precise, these factors should have been considered.
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Steeper slopes and narrower catchments will increase runoff efficiency,

especially during storms of short duration, because of a smaller thresh-

old value and shorter time to reach maximum runoff. However, as only

one runoff test plot was constructed at a.fixed slope and length, the

calculated runoff efficiency for that plot was used in all design and

runoff calculations. It would have been better to have constructed

several runoff plots of various slopes and lengths to determine the

effects of slope and length of overland flow on runoff efficiency.



POTENTIAL APPLICATIONS

The general environmental prerequisites for water harvesting

systems were outlined in the Literature Review. Using those prerequi-

sites as a guideline, a survey of the world's semi-arid regions was made

to identify representative locations that show potential for the use of

Desert Strip Farming for double cropping. Rainfall data used in the

survey was found in World Climatic Data (Wernstedt, 1972) while informa-

tion on soils and topography comes from FAO-UNESCO's Soil Map of the 

World (1974). Figure 12 shows the location and approximate extent of

five areas determined suitable for the system. Each locality is dis-

cussed below in terms of the various environmental factors that relate

to their suitability.

Algeria 

Northern Algeria along the coast of the Mediterranean Sea has a

temperate climate with abundant rainfall during the winter months. Mov-

ing south toward the Atlas Mountains, however, rainfall is less abundant

and the region can be described as semi-arid, receiving between 300 and

400 millimeters of rain on an annual basis. It is this region that

appears to be suited for double cropping with water harvesting.

Though there is really but one rainy season in this region, it

is long enough to permit cultivation of two crops, providing that short

season crop varieties are harvested before the winter frosts. A second

crop could be started soon after harvest of the first crop in December.

52
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Rainfall data from the town of Berthelot (Table 8) illustrates this

possibility.

Soils in the region are dominated by medium textured Calcic

Xerosols and Calcic Cambisols at the 300 to 900 meter level. Soils at

higher elevations are too coarse for water harvesting. The Cambisols

are quite suitable for water harvesting with a texture made up of 23

percent clay in the top 25 centimeters. It is suitable for olives, figs,

and vines, as well as for small grain crops. Its present utilization

consists primarily of winter cereal cultivation and livestock grazing.

Calcareous crusts present a problem in some areas, but if used for water

harvesting, they should be ideal. The calcareous crust could be left in

its natural state to serve as the catchment area while the cultivated

area could be reclaimed for agriculture. The Calcic Xerosols present

some problems, but nevertheless can be exploited. In some areas an

argillic B horizon would inhibit deep root penetration in the cultivated

areas while a coarse A horizon would not be ideal for catchment areas.

This can be overcome, however, by plowing into the B horizon and mixing

the clay with the coarse surface layer.

The topography of these lower portions of the Atlas Mountains is

ideally suited for water harvesting with level to undulating land pre-

dominating.

Australia 

Western Australia is characterized by summer rains in the north

and winter rains in the south. In between, however, near the 25th lati-

tude, is a region of roughly equal early winter and later summer rains.
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Table 8. Average Monthly Precipitation of Semi-Arid Localitiest

with Potential for Double Cropping

Month

Stations

Berthelot,	 Gascoyne	 Jct.,	 Bacoachi,
Algeria	 Australia	 Mexico

Precipitation	 (mm)

Kohat,
Pakistan

Bardera,
Somalia

January 49.0 28.7 30.5 31.2 6.1

February 54.1 21.1 33.3 35.6 6.1

March 40.9 43.7 8.4 59.2 22.1

April 36.1 12.4 7.6 38.6 93.0

May 37.1 32.8 0.8 32.3 55.1

June 19.1 25.9 29.2 24.9 15.0

July 3.0 26.4 106.7 76.7 24.9

August 5.1 12.4 100.1 78.0 7.1

September 24.9 3.0 34.0 39.4 6.1

October 34.0 3.0 35.3 13.7 63.0

November 56.9 1.3 23.4 10.7 56.9

December 52.1 5.3 35.0 14.5 29.0

TOTAL 412.3 216.1 444.3 454.8 384.4

t
Wernstedt (1972)
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The temperature is warm enough to permit year round cultivation such

that double cropping should be feasible. Rainfall data from Gascoyne

Junction (Table 8) is typical of the region. A crop planted in January

could be harvested in April followed by a May planting harvested in

September or later.

Though much of the region's soil is too coarse for water har-

vesting, areas of medium textured Luvic Yemosols can be found which

would be quite suitable. There are also areas of Calcic Luvisols that

would serve quite well except for a high sodium percentage in the soil.

There is the possibility, however, of reclaiming sodic soils in the

cultivated areas.

The topography in this region is level to undulating, making it

suitable for water harvesting systems.

Mexico 

Parts of Northwest Mexico have a climate very similar to that of

southern Arizona. The Sonoran Desert in Mexico receives fairly heavy

summer rainfall and lighter winter precipitation. A typical rainfall

pattern can be observed at Bacoachi (Table 8). The Desert Strip Farming

system would have to be designed fOr the winter precipitation and the

excess water accummulated during summer could be either passed through

the system by a series of overflow channels, stored in reservoirs, or if

the soil was well drained, be allowed to deep percolate.

The Kastonezem soils of the region are well suited for agricul-

ture with high natural fertility. The Haplic Kastonezems, however, are

often too shallow for deep rooted crops and adequate moisture storage,
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but the Luvic Katonezems don't have that problem. They are suitable for

maize, wheat, and vegetable production.

Pakistan 

Most of Pakistan is classified as semi-arid so most of the

nation's agriculture is irrigated. Land at higher elevations cannot be

irrigated economically and so the people in those regions have tradi-

tionally relied on water spreading to boost production. Water spreading,

like Desert Strip Farming, relies on natural rainfall to supply the crop

moisture requirements, but in the Pakistani system, runoff is diverted

from natural stream channels onto the fields, whereas Desert Strip Farm-

ing systems use runoff before it takes on the form of streamflow. One

of the disadvantages of the Pakistani system is the need for relatively

large scale diversion structures and consequent large quantities of

water that must be handled. An FAO report describes the resulting crops

as only "marginal" (FAO-UNESCO, 1974).

The rainfall pattern is suitable for double cropping as is ob-

served in the records at Kohat (Table 8). A crop planted in late Janu-

ary could come off in early June while the second crop planted in late

June could be harvested in October or later. A short season variety

(90 day) should be used for the second crop.

The Calcic Yermosols of the region near Kohat are currently used

to grow wheat, barley, and alfalfa and appear to be suitable for water

harvesting. Their fine to medium texture should prove especially good

for holding moisture but a high sodium percentage would slow infiltra-

tion rate. This sodic soil could be used for Desert Strip Farming,
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however, if the cultivated areas were reclaimed leaving the catchment

areas in their natural state to benefit from the low infiltration rate.

Somalia 

The interriver region between the Juba and Shabelle of Somalia

is the most promising region included in this study. It is character-

ized by two distinct rainy seasons and a soil that rates as one of the

best in the tropics. Bardera rainfall records illustrate a typical

pattern for the region (Table 8). A crop planted in March could be off

by June or July, followed by a planting in October of a crop to be har-

vested in January. Eutric Nitosols in the southern portion of the

interriver region are especially fertile and appear to be ideally suited

for water harvesting.

Present cultural practices use primitive dryland techniques, but

with only marginal success. Erratic rainfall patterns contribute to

crop failure in one year out of four in the spring and one year out of

two in the fall (Kaplan, 1977). Desert Strip Farming systems could be

designed to increase yields in good years and at least give modest

yields in poor rainfall years.

As the author will be working in this region of Somalia for

three years beginning in September of 1980, the area's water harvesting

potential will certainly be investigated.



SUMMARY AND CONCLUSIONS

The objectives of this investigation were to demonstrate the

feasibility of Desert Strip Farming to produce two crops per year in

semi-arid regions and to identify the regions, soils, climates, and

topography where such a system might be used successfully. The field

experiments indicated that production of two annual crops may be pos-

sible in Arizona, but further experimentation would be necessary to

substantiate that claim. Production of a summer crop proved successful,

but winter crop production was hindered by cold temperatures and

intruding animals.

Five semi-arid regions were identified that show potential for

double cropping using water harvesting agrosystems. Though not an

exhaustive compilation of suitable regions, they are representative of

the types of climates, soils, and topographies necessary for such sys-

tems. Other smaller regions undoubtedly exist that meet the require-

ments outlined in the Literature Review.

Conclusions 

Water harvesting for agriculture is an ancient art with proven

usefulness for food production in arid and semi-arid regions of the

world. Current research has sought to apply modern engineering princi-

ples to water harvesting systems to improve their efficiency and expand

their utility. The system investigated in this study, Desert Strip

59
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Farming for double cropping, appears to have definite potential for

increasing food production in several localities throughout the world.

There is still room for further research, however, as this in-

vestigation left several questions still unanswered. The matters of

weed and animal control were not conclusively dealt with. One area of

research that may prove fruitful would be the investigation of the

effects of periodic recompaction of the catchment areas. The observa-

tion of the lack of weed growth on well-traveled dirt roads would seem

to indicate that periodic compaction of the soil surface eliminates weed

growth. Perhaps there is a minimum periodic frequency of recompaction

that will positively control weed growth.

Another area of needed research is the economic aspects of

Desert Strip Farming. For that matter, no method of water harvesting

has been subjected to long-term economic analyses (National Academy of

Sciences, 1974).	 It would be interesting, as well, to determine the

economic viability of various systems in different economic environments,

especially those of the developing countries where the need for such

systems is great, but the technology and materials available for their

development is often at a low level.

Finally, there is a need to develop crops that are better suited

to water harvesting systems, and conversely there is a need to further

refine the technique for determining the optimal size of water harvest-

ing systems for specific crops. Using consumptive use of irrigated

crops for determining the harvested water requirement, for example,

proved to give CCAR values that are probably larger than necessary.
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In light of increasing demand for food and decreasing availabil-

ity of cheap water supplies, research in water harvesting systems 
for

agricultural production will no doubt continue and intensify. It is

hoped that the material contained in this study will help to further 
the

advance of such research.
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