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ABSTRACT

The crop-water production function for Al Qasseem province,

Saudia Arabia was constructed according to the data collected from Al

Qasseem province to conserve and face the scarcity of water in that part

of the world in agricultural development. Comparison of the growing

conditions between Yuma and Al Qasseem has been studied to adapt a

model developed for Yuma. Farm budget also constructed to estimate

the optimum level of yield gives a profitable income associated with

reduced level of water applied. A conclusion of water reduction by 20%

of the maximum water applied will conserve the groundwater resource,

and optimum level of wheat yield will be obtained under 80% of

maximum water applied, also cutting the subsidy to SR 1.5 per Kg will be

affordable to the farmers.



CHAPTER 1

Introduction

The population of Saudi Arabia is almost 11 million people,

occupying an area of 2.25 million km 2 . Large portions of Saudi

Arabia are empty desert; oases are scattered in the Eastern

Province, Central Province and Al Qasseem Province. Also, high

mountain areas are located in the southwestern part of the

Kingdom.

The weather Saudi Arabia experiences constrains agricultural

activities in most parts of the peninsula, especially in Al Qasseem

province, the study area, not only because of the low rainfall, but

also because of the limitations of ground water. Climate in the

study area is characterized by long summer seasons with no

precipitation and high temperatures (reaching a maximum of 49 °C, a

minimum of 25 ° C), short winter seasons (with temperatures

ranging between maximum 35 °C, minimum 0 °C), and annual rainfall

varying from 70 mm/year to 150 mm/year.

The Kingdom of Saudi Arabia which falls into the arid region

and, in some parts, the semiarid region. This classification gives a

clear idea about the problem and scarcity of water in that part of

the world. As a matter of fact, the only source of water for

agriculture has been known as groundwater. Despite the large

quantities from this source, desalinization of seawater has taken

8



place recently to relieve the pressure of groundwater use. Even this

new source of water is not enough to supply the needed quantity of

water for humans; therefore, it has to be used in conjunction with

groundwater to achieve the goal.

In recent years, major changes have been noticed in the economy

of Saudi Arabia, that is, movement of farmers to cities and

expansion of petroleum production which have lowered the

importance of agriculture. This phenomenon tends to change the

crop policy. Cereals have been replaced by citrus in southern

Europe, but in Saudi Arabia the opposite is practiced. Wheat has

been introduced to farming and is now widely grown. The

government has intervened to insure stable wheat supplies for

local markets by manipulating prices and subsidies, which are

aimed at protecting the farmers' incomes as well as providing a

reasonable and self-sufficient amount of wheat for consumers.

In the last decade, agricultural progress has been enhanced by

the government to a degree that it exceed the logical and ideal

situation. Subsidies play a major role in attracting small farmers

as well as business farmers in taking an advantage of the

opportunity to increase wheat production and to increase their own

income. Many agricultural projects have been established because

of the high price of wheat. Subsidies of most of the agricultural

equipment neglect the problem of water availability and what will

happen in the future. Most agricultural projects neglect the

importance of the crop-water production function, which is

9
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necessary for not only achieving high yield by applying water only

when needed, but also for optimizing water use through

economically sound management. Unfortunately, this practice is

not well known to the farmers or even many of the agricultural

companies.

In a country such as Saudi Arabia, which faces shortages of

water and limitations on finding other sources, efficient water

management should take place to help agricultural activities

continue even though some restrictions may have to be instituted.

Table 1 shows some constraints applied to the intensification of

irrigated land-use in arid and semiarid regions. Management of

water should consider the crop-water production function as the

basic step to start with.

The poor performance found in irrigation projects in most

agricultural projects in Saudi Arabia is because of lack of sound

management and implementation. One good example of this in Saudi

Arabia is the use of groundwater extensively at a rate higher than

the groundwater recharge in aiming for self sufficiency in wheat.

This is a wrong policy of water management and is actually a

mismanagement of the valuable source of water. Weaknesses in

irrigation management and use of water are due to inadequate

training of farmers.

Since soils vary widely in their capacity to hold moisture, it is

difficult to establish a standard relationship between plant

response and the amount of water in the soil; therefore, to
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establish a new model in a certain area, we need to find two

similar sites in order to examine and test this model. Finally, if

successful, we can apply it.

The crop-water production function for the study area is needed

because of the expansion of agricultural activities in Al Qasseem

province. This expansion can cause problems to all parties involved

in the agricultural sector. However, the objective of this thesis is

to enlighten the agricultural sector to establish a conservation

concept for the use of water in the area. Some related objectives

also will be included because of their importance and necessity to

this sector: specifically

1. Optimizing water use that results in a crop yield based

on economic efficiency.

2. Justifying using a model developed in Yuma, Arizona,

for the Al Qasseem province, after modification.

3.	 Developing a farm budget according to a scientific

application of water to give optimal economic return

using limited water.



CHAPTER 2

Li 1 E,RATURE REVIEW

Crop-water production functions have been the focus of

many studies conducted in the past ten to twenty years.

Researchers have found these functions to be an effective tool

to enhance the agriculture activities in those areas facing

shortages or inadequacy in water.

Carroll H. Hackbart et al (1985) studied the crop yield

response to water for a variety of crops in different regions.

They found that the yield of sorghum, soybean, and corn

increased with increasing water use up to certain limits.

Cost return information has shown that since increasing

the income of the farmer is a major goal, the best way for

accomplishing this goal is to provide the farmers with

detailed information available about crop water production

functions.

Ayer and Paul (1981) estimated crop-water production

functions for cotton, wheat, sorghum and alfalfa in Arizona to

determine the profit level of those crops under varying

conditions. A comparison of profit level with the suggested

level of water to give maximum yield also was determined.

13
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They found that the yield for wheat grown in a medium-

textured soil increased 1,000 pounds by doubling the amount of

water. Under specific field conditions, an equation has been

developed to estimate wheat yield.

Kenneth H. Solomon (1985) has reviewed over 150

articles published on water production functions. The

literature reviewed covered 37 kinds of agricultural crops.

Crop response has been evaluated under two

conditions:inadequate and excess water application. Then,

typical production functions have been estimated for each

crop. These typical functions have been analyzed in a flexible

way so that these functions can be modified to fit local

conditions.

G. S. Rajput and Singh (1986) carried out a study to

determine water production functions for wheat under

different environmental conditions in India. Data were

collected from field experiments in different research

stations at different climatic regions. For the same wheat

variety, yield response sensitivity factors were varied

according to the location of experiment. Seasonal and growth

stage functions also were studied. In the growth stage, the

yield increases with an increase in actual crop

evapotranspiration (ETa) up to a point where the ETa equal crop

evapotranspiration corresponding to maximum attainable

yields (ETm), while in the seasonal function, the yield
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response sensitivity factor was found to be positive for all

sites. They concluded that the growth period Si [sowing to

maximum tillering] is most critical to water stress under

Indian environmental conditions. Also,when irrigation is

optimal, the seasonal function is preferred over growth stage

functions.

P. G. Hoyt (1982) discussed a crop-water production

function and economic implications for the Texas High Plains

region. Crops taken into consideration were corn, sorghum,and

wheat. Estimation of the crop-water relationship was done

following the growth stage technique instead of a seasonal

function. Profit maximizing levels of water were estimated

and compared with levels suggested by other models. He found

that by adopting a new policy (decreasing irrigation water

amount to maximize profits rather than crop yields, especially

when the cost of water is high), along with increasing

irrigation efficiency up to 20% of the discharged water, the

irrigation water used will have little effect on crop profits

per acre for corn and wheat.

Z. J. Svehlik (1987) studied the impact of micro-

irrigation techniques on water usage and crop yield. He found

that there will be a positive impact of micro-irrigation on

yield. In many cases, he observed that higher yields were

obtained when compared to conventional methods of irrigation.

In addition, he found that the yields respond to the quantity of
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water applied rather than the frequency of application. He

suggested that a higher efficiency of any used method would

have no significant difference when substituted by micro-

irrigation technique. S.F. Shih (1985) established an

evapotranspiration and corp yield relationship for different

crops. He applied a linear function to test the relationship

between evapotranspiration and yield. Yield is expressed in dry

biomass terms and in commercial yields for which the crop is

commonly sold on the market. Models he used were:

DB = ao + a, ET	 for dry biomass

and

CY= ba + b, ET for commercial yield

where

DB = dry biomass, kg/ha

CY = commercial yield, kg/ha

ET = evapotranspiration, mm

a,= water usage rate for dry biomass production

b l = water usage rate for commercial yield production

a o , bo = linear regression coefficients

He concluded that the water usage rate for dry biomass

production in C, plants (the pathway of photosynthesis through

C 4-dicarboxylic acids) is much higher than that in C o plants (the

pathway of photosynthesis through C o -phosphoglyceric

acid(calcium cycle)); this means that with the equal amount of

water, the dry biomass production of C, plants is higher than
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that of C, plants. As a conclusion, he found that the linear

regression equation was useful for relating the crop yield to

the evapotranspiration.

J. C. Guitjens, et. al. (1986) carried out a study for grain

yield variability under scheduled irrigation for spring wheat.

Uniform water applications were practiced using two

irrigation methods. Irrigation, scheduling and efficient use of

the water gave high, uniform yields of spring wheat, while

different yields were obtained by the two irrigation methods.

They said, "research with wheat has shown that leaf cell

expansion is the principal contributing factor to leaf

enlargement and that total leaf area is related to

photosynthesis. Leaf elongation rate in wheat increases

linearly with leaf water pressure and elongation rate

increases faster in adequately watered soils than under stress

conditions caused by soil water deficits or smaller soil

osmotic pressures" (Sepaskhah and Boersma, 1979,Eastham et

al 1984). They found that scheduling is a conservation

measure, because it helps determine the amount of additional

water and when to irrigate to obtain the planned yield. J. C.

Guitjens et. al. said, "irrigation uniformity is important but it

does not always address the problem of a natural variation in

available water. If available water is the problem in yield

variability, more frequent irrigations aimed at maintaining
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enough available water at locations which have the smallest

water holding capacity will be important."

J. E. Ayars et al (1987) tested the crop response to non-

uniform irrigation for sugar beets. Field experiments were

conducted to fulfill this goal in which the crop was irrigated

with saline and non-saline water. Each treatment was

installed in one half of the field. They found that the yield

increased according to the total amount of applied water. They

noted that "when the non-uniformity is distributed across a

relatively small number of rows, there was sufficient

redistribution of water and adjustment by the plant to

overcome the application of non-uniformity." They also found

that yield was influenced positively by the total amount of

applied water on a row by row basis.

P. K. Aggarwal et al (1986) described the susceptibility

of wheat and other cereals to drought for three years. This

study was conducted in terms of grain yield, harvest index

(HI), evaportranspiration (ET), and water use efficiency (WUE)

and was done under irrigated and unirrigated conditions in New

Delhi. The relationship between soil water balance and grain

yield was reported in which the outcome, as expected,

indicated that the grain yield of wheat was higher under

irrigated treatment than when the crops were unirrigated.

Looking at the relationship between grain yield and

evapotranspiration, the following results were observed.
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First, there is an increase of grain yield associated with

the increase of evapotranspiration. This increment was in the

range from 180 to 450 gm' when Eta was increased from 10 to

20 cm. They stated that 23 cm of additional actual

evapotranspiration gave no additional increase in grain yield.

Secondly, they noticed that predicted evapotranspiration

had a special relationship with grain yield, whereby a rapid

increase in grain yield was observed until the predicated

evapotranspiration reached 15 cm; then, the response will

start declining. The relationship in this case is linearly

related. Finally, they concluded that the relationship between

grain yield and both actual evapotranspiration and predicted

evapotranspiration is linear up to a certain level of water use.

In addition,the harvest index has the same behavior as grain

yield when compared to evapotranspiration. They stated that if

there is no significant negative relationship among the three

variables (ET, WUE, Hi), the grain yield should be increased by

increasing these three variables but only to a certain limit.

The response of dwarf wheat to different levels of water

and growth stages was studied by T. Singh, et. al.(1983). This

study was conducted under field conditions in India. The

conclusion they reached is that dwarf wheat is sensitive to

water stress at any level, with the planting to jointing stage

being the most sensitive stage, followed by the jointing of

flowering and flowering to maturity stages,respectively. They



2 0

also concluded that a mild water stress is less harmful to

dwarf wheat than severe and moderate water stress at any

growth stage. They stated that to obtain the highest yield from

dwarf wheat, you should not stress the crop at any water

stress level and the crop should be irrigated when the

available soil moisture level is at 50 percent.

The environmental response of spring wheat in the

southwestern Australian cereal belt was studied by

K.G.Rickert, et. al. (1987). This study was carried out under

dry conditions on two types of soil: heavy clay loam and light

loamy sand. Monthly rainfall declined from 37 mm in August to

14 mm in November, while temperature and evaporation

increased from August to November. They recognized that in

loamy sand, soil the density of shoots at 78 days increases

with additional water and then declines; while in sandy loam

soils, it rises for a while and then becomes constant. On the

other hand, leaf area at 78 days showed the same trend as

indicated above in shoots for both types of soil. Also, the dry

matter (gm -2) at 78 days increased with additional water in

loamy sand soils, but fluctuated in sandy loam soils. At 140

days, the dry matter content increased accordingly, with more

water added to the soil in both soils, but the yield in loamy

soil was higher than that in the sandy loam soil.

Growth stages have been investigated by V. O. Mogensen,

et. al. (1985) to determine if there will be any influence of
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water stress on yield of spring wheat west of Copenhagen.

They concluded that "the drought sensitivity (water stress) of

the variety of wheat used in this investigation was greatest

during the tillering-shooting stage when the grain yield of only

normal tillers was considered. Including the grain yield of both

normal and late tillers, drought sensitivity appeared to be

greatest during booting-heading stage." Climatic conditions

may affect the growth stage that is subject to water stress.

Therefore, growth stages are influenced differently by

climatic conditions which, in turn, affects the ultimate corp

yield.

M. K. O'Neill, et. al. (1987) evaluated the yield and water

use of sorghum hybrids under two conditions, sufficient water

and shortage of water at USDA Plant Material Center, Tucson.

They found that the evapotranspiration under stressed

conditions are much lower than that under irrigated conditions.

Also, water use efficiencies (WUE) were higher under stressed

conditions than under irrigated conditions.

The effect of limited water input on root growth,water

use and grain yield of wheat was studied by R.K.Misra, et. al.

(1985). Five treatments were established to examine the

effect of different levels of water on the yield or root density

in India. They concluded that irrigating wheat at different

stages affected the yield, especially during the pre-heading

stage in which the yields were influenced more than in the
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post-heading stage under water stress or limited water

application. This can force the plants to develop a deeper root

system to extract water from deeper layers of soil in later or

post-heading stage. It was noticed that the relationship

between root density and grain yield is such that the grain

yield may be increased by controlling the root system or

density.

Y. V. Singh, et. al. (1984) studied the effects of irrigation

frequency and amount of water on the yield of cauliflower in

an arid region in India (Jodhpur). The shape of the relationship

between the yield and water applied was found to be

curvilinear. They identified a specific amount of water to be

the optimum requirement for this crop. Two treatments were

followed in this study: a high-frequency,light irrigation and a

low-frequency, heavy irrigation treatment. Results showed

that high-frequency, light irrigations gave more yield than the

other treatment. Also,the yield at the 100% water

replacement level was higher than that at the 50% and 150%

replacement levels, resulting in the characteristic curvilinear

shape yield-water relation. A conclusion of "irrigation applied

in excess(85 mm) of the potential crop evapotranspiration

reduced the yield, possibly by inducing leaching of soluble

plant nutrients from the root zone," was reached by the

researchers. They found that the yield-water relationship for

this crop is best to be described by the fitted a quadratic
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model (Y = a + bw +cw 2). Also, they arrived at an inverse

relation between water applied and water use efficiency; that

is, as water applied increased, water use efficiency decreases.

D. K. Majumdar, et. al. (1984) conducted an experiment in

West of Bengal to study the effect of irrigation, based on pan

evaporation, and nitrogen levels on the yield and water use of

wheat. Six treatments were tested; the irrigation water (IW)

cumulative pan evaporation (OPE) ration (0.6, 0.8, 1) and two

levels of nitrogen. They found that the IW/CPE ratio of 1 gave

the highest yield of grain and straw while the ratio of 0.8

produced a lower yield, but significantly higher than where the

ratio was 0.6. The response curve from another study

indicates that a ratio of 0.923 is the optimum for irrigating

wheat. The conclusion, therefore, is that wheat should be

irrigated with a IW/CPE ratio of 0.9 to harvest an optimum

yield with an optimum WUE.

The effect of irrigation based on physiological stages of

growth, yield and water use efficiency of wheat in Meghalaya,

India, has been investigated by B. N. Singh et al (1984).

Experiments were conducted for two years in which a

randomized block design was used with four replications. It

was shown that the four irrigation treatments gave higher

yields than the two irrigation treatments, and two irrigations

were better than one irrigation. In this experiment, two

irrigations at the jointing and milk stages resulted in the
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highest yield, followed by two irrigations at the crown-root

initiation and flowering stage. It has been reported by a

number of researchers that the crown-root initiation stage

was the critical period for wheat.

T. N. Chaudhary (1985) studied the response of wheat to

irrigation where small amounts of water were applied at

different times. Experiments were conducted in 1981-82 and

1982-83 in India. Four treatments were established: T 1 , water

was applied in seeded rows; T2 water applied at seeding; T,

water applied three days before seeding; and T, in which water

was applied 20 days after seeding. In seedling emergence, the

number of seedlings counted under To was the highest among all

the treatments. However, in the case of dry matter, the total

dry matter was lowest under no irrigation (trt. To), but was

increased significantly under T 1 - T, Specifically, T4 resulted

in the highest dry matter content as well as the highest grain

yield. Dry matter and grain yield were both related to rooting

density,so that the highest rooting density was with T, He

concluded that "furrow application of a small amount of water

would be highly productive when crop productivity is limited

by poor stand establishment due to a dry seed bed.However, an

efficient field level of technology for this needs to be

developed. When the crop stand establishment is not

constrained by inadequacy of seed-bed moisture, a limited



2 5

amount of water applied after seeding early during wheat

growth is more effective than pre-seeding irrigation."



Chapter 3

COMPARISON OF GROWING CONDITIONS IN
YUMA, ARIZONA (USA) AND AL QASSEEM

PROVINCE, SAUDI ARABIA

In this chapter, the reader will be enlightened on the

climatic condition, plant environment, and factors affecting

plant growth in two regions far away from each other: Al

Qasseem in Saudi Arabia and Yuma in Arizona, U.S.A. The

economic aspect will be tested to enable us to allocate a farm

budget in Al Qasseem province. The purpose of this discussion

is to look for similarities between the two areas mentioned

above. If the comparison leads to the conclusion that the two

regions have identical climatic characteristics, then the

assumption that the equation developed for Yuma to estimate

yield by using crop-water production function might be

applicable to Al Qasseem province, with some restrictions,

may be justified.

3 . 1 Al Qasseem Province

The Al Qasseem province located at 26 degrees north

latitude, occupies an area estimated to be about 18,700 Km 2 .

This area is 240 km in length from north to south and 78 km in

26
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width from east to west. Al Qasseem is located 450 km north

of Riyadh, the capital city of Saudi Arabia. This area is

surrounded by Hail on the north, Najed on the south, huge

bodies of sand on the east and Hijaz region on the west. Figure

1 shows the Al Qasseem province.

3.1.1 Topography

The topography of the region is characterized by

escarpments, nufoods (sand dunes), gravel plains, and wadis.

Escarpments are divided into three parallel part sand

their directions run from northwest to southeast. The

formations found in the area are Jilh which is located north of

Al Qasseem, Khoff southeast wadi Amer, and Tabuk formation'.

There are four major nufoods in Al Qasseem province:

Altorfiyah, Alghmays, Ash'sh-qayqah, and Ath'thwayrat. Two

gravel plains are found in the area, the Almestewy plain and

the As'suairah plain. The Almestewy plain is surrounded by

nufood Altorfiyah and Alghmays from the east, south by wadi

Arrmah, and north by nufood Irq (out of Al Qasseem boundary).

The Assuairah plain is surrounded by wadi Arrmah on the north,

wadi Dukhnah on the west, nufood Ash'shqayqah on the east and

south outside Al Qasseem along 30 km.' Many wadis are

scattered throughout the Al Qasseem area. They are nothing but

empty channels of internal drainage flowing into sand dunes or
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nufoods. The largest wadi is Arrmah; its source is located in

the western part of the country. It is about 900 km long, and

along its bank, six to 10 km, belts of silt are found.' This may

be the reason why the region is well known for its agriculture

activities and having good soils for farming.

3.1.2 Soils

The kind of climate the Al Qasseem area experiences has

a major affect on soil formation. Because of the high variation

in the temperature during the day and the scarcity of rain, the

mechanical weathering process has been enhanced. Moisture

content in Al Qasseem soil is low, because of the low content

of organic matter and high percentage of sand content in the

soil. The parent materials found in Al Qasseem region are

sandstone, limestone, shale and granite." This kind of parent

materials is not capable of holding water. Soils deposited on

the banks of the river have good characteristics for holding

water and have a minimal amount of some nutrients needed by

plants. The portion of good soils for agriculture in Al Qasseem

is low compared to the soil's needs. Some reclamation is

achieved by adding fertilizer to help make the soil suitable for

agriculture. Winds have a major effect on soil erosion in the

area by tending to remove the top soil that has the most

productive layer and sands from the north are deposited in the

area, forming layers of sand through the soil profile. Silt, clay
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and sand can be found in different percentages in the soil of

the area. However, sand is the dominant type in the area. Wadis

are the most important areas for locating good soils,

containing sufficient amounts of silt and clay.

Soil samples have been collected from the site and

texture has been determined. 2

Results of this test are shown in Tables 2, 3 and 4.

Table 2. Mechanical analysis readings for soil samples

Sample Depth Wt. 	 Reading 40 Sec.	 Reading 2 Hr.
cm. Gram Instant Corrected Instant Corrected

of Soil

0-20 50 16 21.24 10 15.24
1 20-40 - 16 21.74 11 16.24

40-60 - 21 26.24 15 20.24

0-20 - 24 29.24 15 20.24
2 20-40 - 22 32.24 19 24.24

40-60 - 31 36.24 20 25.24

0-20 100 3 8.24 1 6.24
3 20-40 - 22 27.24 0 5.24

40-60 - 3 8.24 0 5.24

Blank reading = -3 Blank temperature = 25 °C
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Table 3. Determination of silt, clay and sand percentages

Location Depth	 Percent of Silt %Clay %Sand

0-20 12.0 30.5 57.5
1 20-40 10.0 32.5 57.5

40-60 1.5 40.5 58.0

0-20 7.5 40.5 52.0
2 20-40 16.0 48.5 35.5

40-60 22.0 50.5 27.5

0-20 2.0 6.2 91.8
3 20-40 2.2 5.2 72.8

40-60 2.0 5.2 91.8

By using the soil triangular model to determine the soil

texture, we have found the following information.

Table 4. Soil texture

Location Depth Soil	 Texture

0-20 Sandy clay loam
1 20-40 Sandy clay loam

40-60 Sandy clay

0-20 Sandy clay
2 20-40 Clay

40-60 Clay

0-20 Sand
3 20-40 Loamy sand

40-60 Clay
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From the tables of representative physical properties of

soils and by knowing the texture of soil, we can determine the

following categories:
B.D. = 1.35

F.C. = 27% on weight basis
W.P. = 13% on weight basis
A.W. = 14% on weight basis
A.W. = 19% on volume basis

3.1.3 Climate

Al Qasseem province is characterized by an arid climatic

condition, having a long summer season and a short winter

season. This phenomenon is due to the dry winds blowing

across the peninsula. "Al Qasseem weather is created by two

pressure systems. The first pressure system originates over

Central Asia; the second develops over the equatorial zone of

Central Africa. These two systems meet head on and tend to

offset each other, creating a stagnant air mass over Al

Qasseem. This process forms during the summer season, but

during the winter season "a high pressure system that sits

over Central Asia tends to cause north prevailing winds. These

winds are interrupted by cyclones which enter the Fertile

Crescent. These southeast and west winds bring rain."'

Temperature in Al Qasseem province varies during the

days. Also, there is a large difference in the temperature from

month to month. The mean during the summer is 33 °C, while it
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is 15 °C during the winter. As we mentioned earlier, the summer

season is longer than the winter season. This can be noticed by

looking at the high temperatures during the five months

starting in May and ending in September. In Table 5,

differences in mean monthly temperature throughout the year

can be seen.

Rainfall in this area is low, ranging between 70-150

mm/y. The rainless months are May through September. The

rain variation during the year and from year to year is high.

The rainfall throughout the year is unevenly distributed.

Table 5. Differences in mean monthly temperature

Month Percent day-light Temperature °C Temperature ° F

Jan 7.53 15 59
Feb 7.14 18 64
Mar 8.39 20 68
Apr 8.61 27 81
May 9.33 31 88
Jun 9.23 33 91
Jul 9.45 32 91
Aug 9.09 32 90
Sep 8.32 31 88
Oct 8.09 27 81
Nov 7.40 20 68
Dec 7.41 20 68

On the previous pages, we discussed Al Qasseem province

from three points of view: topography, soil and climate.
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Hereafter we are going to follow the same trend with Yuma

area in Arizona, U.S.A.

3.2 Yuma County

Yuma lies at 32 °N latitude and occupies an area of about

14,300 km 2 . This area is located in the southwest corner of the

State of Arizona. Figure 2 is a map of the area.

3.2.1 Topography

The area is bounded by the Salton Trough, which contains

must of the Colorado River delta on the west and by the

Sonoran desert, which is characterized by a long narrow

mountain on the east. There are two major features of the

area: desert plains and river flood plains. Mountains and sand

dunes also are found. The Gila river, joins together with the

main stem Colorado River east of Yuma. The Colorado River

enters the area between Laguna and Chocolate Mountains with

a width of one mile. The Gila River enters the area, similarly

as the Colorado River, but between the Laguna and Gila

Mountains. Sand dunes are located in the southwest area with a

thickness of 10 feet. There are two major sand bodies within

the California and Arizona boundaries. In California, the

"Algodones dunes" are located in the northeast side of the
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Imperial East Mesa; in Arizona,the "Fortuna Dunes" are located

near the southerly international boundary.'

The parent materials in the area are basalt, tertiary

nonmarine sedimentary rocks, tertiary sedimentary rocks

(chiefly alluvium, but probably contains rocks of transition

zone and Bouse formation) and older tertiary sedimentary

rocks. The ground water is composed of Cenozoic basin-fill

deposits. Thickness of the aquifer exceeds 16,000 feet, but

fresh water-bearing alluvial deposits are found in the upper

2,000-2,500 feet. Therefore, groundwater in the area consists

of two parts: poor water-bearing deposits which are in the

lower part of the reservoir, and freshwater-bearing deposits,

which include the older alluvium, the younger alluvium and

wind blown sand. The transition zone also contains freshwater

in some parts. Throughout most of Yuma, this zone has a

thickness of several hundred feet. Most of the groundwater in

the upper part of the reservoir is infiltered river water.

Volcanic rocks are also present in the area. Most of the area is

alluvium (alluvial escarpment) and windblown sand.'

12.2 Soil

Most of the area is occupied by alluvium deposits. The

alluvial deposits range from clay to cobble and boulder gravel.

Sand is the predominant fraction in the area, while clay and
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silt cover less than 20 percent of the total thickness. Coarse

sand is present in the southwestern part of the area. Parent

materials found in the area are sandstone, siltstone, claystone

and shale. 10 In general, soil texture of Yuma area is sandy

clay (silt, sand and clay) and, in some parts, loamy fine sand.

Soil profile is almost continuous fine sand down to a depth of

3 m. Low organic matter is one of the problems in Yuma area,

which forces farmers to add fertilizer to reclaim the soiI. 3

3.2.3 Climate

Yuma area is considered to be within an arid zone. It is

one of the most driest regions in the western states Having

long hot summers and mild sunny winters is one of its

characteristics. The average summer temperature is about

38 °C which is found during the months June to September,

while in the winter the average temperature reaches 16 °C.

The winter months are November to February.

Precipitation in Yuma is low and ranges between 77-150

mm/yr., occurring mostly in the winter months. Farmers in the

area do not depend on rain for agriculture,and must use

available surface and groundwater for irrigation.

From the few papers we have mentioned previously, it is

noticeable that the environment, soil conditions and
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topography are similar in both Al Qasseem province and Yuma

County. In this section, we are going to show and match those

points having the same characteristics in the two areas to

arrive at a conclusion which shows that these two far away

areas are positioned in the same zone. This similarity can be

seen by looking at Tables 6, 7 and 8 and Fig. 3.

Table 6
Topographical Comparison between Al Qasseem and Yuma

Al Qasseem	 Yuma

Latitude	 26.1 N	 32 N

Area	 18,720 Km 2 	14,268 Km 2

Topography	 Escarpment	 Escarpment
Nufoods	 Sand dunes
Plain	 Plain

Mountain

Table 7
Soils of Al Qasseem and Yuma

Al Qasseem	 Yuma

Parent Material:	 Sandstone	 Sandstone
Limestone	 Siltstone
Shale	 Shale

Dominant Particles:	 Sand	 Sand
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Texture: Sandy clay
Sandy clay loam
Loamy sand

Sandy clay
Silty clay loam
Loamy fine sand

Organic Matter:
	

Low
	

Low

Table 8
Climatological Comparison between Al Qasseem and Yuma

Al Qasseem
	

Yuma

Temperature
- Summer mean:
	

33 °C
	

38 °C
- Winter mean:
	

15°C
	

16°C
Rainfall:
	

70-150 mm/yr
	

77-150 mm/yr
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Fig. 3. Map of the arid and semi-arid warm temperate and
Mediterranean zones

From Troll and Patten (1965)
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CHAPTER 4

FARM BUDGET

A farm budget is a plan or a guide for the farmer in

organizing and measuring his efficiency in using factors

involved in the cost of producing crops on a step-by-step

basis. The budget will help the farmer in making decisions on

crop selection and marketing strategy and producing

agricultural products that are profitable. Inputs and outputs

are major factors to be analyzed and evaluated. Yields, as an

outcome of the agricultural process can be obtained under

different treatments. A farm budget is useful to improve

management and to increase the rate of gain or profit.

Few farmers in Saudi Arabia keep expenditure records,

although the Saudi Agricultural Company may have some.

Unfortunately, the records are not complete and are usually for

administrative purposes only. Farm income can vary from year

to year due to such factors as price, desirability on the part of

the consumer, and availability of water. It is useful for small

farmers to budget and analyze their farm expenditures

annually. Budgeting, in another way, can help the farmer

utilize his income for living expenses, to expand the farm
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business, to pay for equipment installment and, in a very

narrow portion, to invest outside the farm business. A farm

budget must be constructed if the farm business is to managed

successfully. A farm budget consists of two components:

expenditures and revenues. Expenditures are all inputs

included in producing an agricultural crop. This can be divided

into two components: ownership costs and operating costs.

The factors involved in ownership costs are wells, pump,

irrigation system, machinery, vehicles and silos. On the other

hand, land preparation, seeds, chemicals, labor, fuel and

transportation costs are included in the operations cost.

Revenue is the output, in this instance, from the yield of

wheat.

Depreciation will be calculated for all equipment

involved in the farm budget. However, the tax and interest will

not be included since it is not applicable to the Saudi Arabian

system. This is one of the big differences between the farm

budget procedures in the U.S.A. and Saudi Arabia. The exclusion

of these two measurements from the farm budget is in favor of

the farmers.

A typical farm has been chosen in Al Qasseem province to

establish a farm budget which will help us to develop a water

strategy based on the outcome. Farmer Mohammed Al Okla has

been interviewed personally and information given by him was

used to determine a farm budget. The response from the
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farmer, records that he has kept for his farm (Green Valley),

and his experience in this field have provided data from which

to start.

Following are the costs in Saudi Riyals (SR) for the farm

under study which occupies an area of 150 hectares.

4.1 Ownership Costs

Since the land is given free by the government, it will

not be included in the ownership costs. Also, depreciation rate

will be calculated according to an assumption of a 10 year

lifetime for categories No. 1, 2, 4 and 5. and a 20 year lifetime

for category No. 3.
SR No Total

1. Well drilling	 and casing 70,000 4 280,000

2. Pump and power plant 70,000 4 280,000
Installation of pump 5,000 4 20 000
Sub total 300,000

3. Irrigation	 system
Center pivot (each tower) 25,000 29 725,000

4. Agricultural	 machinery and vehicles:
Mold board plow 15,000 1 15,000
Chisel plow 10,000 1 10,000
Disk harrow 35,000 1 35,000
Seed distributor 70,000 1 70,000
Harvester 300,000 1 300,000
Tractor 300,000 1 300,000
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Vehicles
	

20,000 2	 40,000

5. Grain storage
Silos
	

90.000	 1	 90.000 

Total ownership costs SR 2,075,000

According to the assumption mentioned above, the yearly

ownership costs will be as follows:

Wells	 28,000

Pump	 30,000

Irrigation System	 36,250

Machinery and vehicle	 77,000

Silos	 9,000

Therefore, the total ownership cost per year is equal to

SR 180,250 which is equal to SR 1202/ha per year.

4.2 Operating Costs

Total Cost Per ha. Cost
1. Land preparation	 SR 30,000	 200

2. Seeds	 75,000	 500

3. Chemicals	 175,000	 1167

4. Labor	 67,200	 448

5. Transportation	 7,700	 51

6. Fuel: for tractor and vehicles	 2,400	 16
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For pumping, depends on amount of water pumped and is

calculated as follows:

According to the American Association for Vocational

Instruction Materials (1971), diesel power units deliver 14.6

brake horse power (BHp) hours per gallon of fuel and brake

horse power (BHp) can be calculated as follows:

BHp = Pump discharge in gallons per minute (GPM) x

Total left in feet	 3960 x pumping plant

efficiency.

For a total lift of 388 feet and an assumed efficiency of

60 percent, the BHp/GPM is 0.16. With 449 GPM equal to one

acre-inch per hour, this converts to 73.3 BHp-hours per acre-

inch of water. Thus, the gallons of fuel required to pump an

acre-inch of water is 73.3 = 14.6 or 5.0. With a unit cost of SR

0.265 for a gallon diesel fuel in Saudi Arabia, the cost for

pumping specified quantities of water is:

Water. Inches
	

Fuel Cost. SR/ha
34.0
	

111.0

27.2
	

89.1
20.4
	

66.8

Table 9 presents the annual investment costs and

operating costs for specified quantities of water.
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Table 9. Annual investment and operating costs

Water,	 Investment	 Operating	 Total Cost
inches	 costs, SR/ha	 cost, SR/ha	 SR/ha $/ha

34.0 1202 2493 3695 985

27.2 1202 2471 3673 980

20.4 1202 2449 3651 974
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CROP PRODUCTION FUNCTION

Since Saudi Arabia is faced with a scarcity of water, our

ultimate goal, conserving water, should be highly publicized

and the farmer made aware of the problem. One agricultural

technique which should be applied to help overcome this

problem, or at least minimize the amount of water used in

agriculture processes, is in knowing the crop water

requirements. This information will allow farmers to

conserve water under a beneficial level of production. Since

aquifers are being pumped at a rate greater than recharge,

efficient water management should take place for agricultural

activities to continue. In addition, management should consider

the use of crop-water production functions as the basic step

to start with to conserve water.

The crop production function for wheat for the study area

is necessary, because of the rapid expansion of agricultural

activities in the Al Qasseem Province and the need to conserve

water in a manner that allows production to be profitable for

the private sector. Based on this yield-water relationship, a

47



4 8

water conservation strategy will be established for the study

area.

Decreasing the amount of water required to produce a

level of crop in the yield-water curve will tend to lower the

yield. However, energy will be saved accordingly because less

water is pumped to irrigate the crop. The question, then, is

what percentage of the maximum water requirement should be

recommended for wheat in the Al Qasseem Province?

Reduction in production may not be detrimental to the

farmer, if the reduced production is offset by a savings in

ownership and operation cost of the irrigation system. As

noticed in Chapter 3, the similarity between Yuma and Al

Qasseem has been illustrated. This will allow use of the crop

yield-water relationship developed for Yuma (Fig. 4) to be used

for the Al Qasseem Province to determine different water

levels and the corresponding wheat yield.

Selecting a specified level of nitrogen fertilization (112 kg

per hectare) and using Fig. 4 as a model, a yield-water

relationship was developed for wheat (Fig. 5). The axes in Fig.

5 were converted to a percentage-of-maximum yield basis.
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CHAPTER 6

RESULTS AND DISCUSSION

In Chapter 3, we have illustrated the similarity of the

agricultural activity in Yuma and the study area, Al Qasseem.

It is obvious, that the Al Qasseem Province in one way or

another has the same climatic and soil conditions as Yuma

County. This similarity will allow us to adapt the water-crop

yield equation for Yuma to represent the same for Al Qasseem.

The two factors, the crop-water production function and farm

budget, are essential to construct and develop a water

conservation strategy for the Al Qasseem Province. By using

the information collected from the crop water curve, combined

with those extracted from the farm budget, we can arrive at a

strategy to conserve groundwater and achieve a relatively high

economic benefit as well.

Reducing the amount of water required to produce a crop

will lower the yield according to the yield-water curve. Also,

the energy costs saved because of the lesser amount of water

used to irrigate the crop is going to drop accordingly. This

savings in water and energy will be useful for both the farmer

and the government. The farmer will use less water, but a

moderately good income will be achieved by producing less

51
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than the maximum amount of yield. The government, on the

other hand, will pay less money for the lower productivity.

The intent is to conserve water and reduce production to

an acceptable level, so that ownership and operation costs will

be covered plus an additional amount for contingencies and

benefits. From Chapter 4, we can see the large difference

between ownership and operation costs and the farmer's

income obtained from wheat production. Reducing production to

an acceptable level, we will be guided to a strategy aimed at

producing an optimum level of yield and to reduce the amount

of water and energy required to produce that level of

production. In this way, water conservation can be achieved.

Since Fig. 4 is for various levels of nitrogen, Fig.5

represents a water-yield curve for a specified level of

nitrogen (112 kg per hectare) in which the axes are converted

to a percentage basis. Fig. 6 was drawn with the same shape

as Fig. 5 to represent a wheat yield-water curve for the Al

Qasseem Province. Here, instead of using the data from Yuma,

available farm data is from the Al Qasseem Province.

For the Yuma data, the maximum yield was approximately

5000 pounds per acre using about 34 inches of water the

current known wheat yield for the Al Qasseem area is 3300

pounds per acre under moderate management.

Since it is not known what the maximum yield would be

and how much water was applied, it is assumed that this yield
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was obtained with less than the maximum amount of water

required, an inherent practice with center-pivot irrigation

systems. Assuming that the above yield represents 80 percent

of the maximum yield at the maximum water requirement, the

corresponding yield-water values for wheat were obtained and

are shown in Fig. 6.

Table 10 illustrates corresponding wheat yields for both

the Yuma and Al Qasseem areas for specified water application

levels. It can be seen that the yields for the Al Qasseem

Province is about 75 percent of the Yuma yields for the same

amount of water. With the absence of comparative, this seems

to be a reasonable approximation as grow in conditions and the

level of management is more favorable in the United States

than in Saudi Arabia and as a matter of fact the productivity of

irrigated agriculture is still very low in many warm temperate

countries. According to FAO (1975), cropping intensities

average only 57% for the countries of the Near East.

Table 10. Wheat yields for Yuma and Al Qasseem areas at
specified water levels

Amount of Water Applied	 Wheat Yield. kg/ha
Depth, in. % of Max	Yuma	 Al Qasseem

34.0 100 5000 4147

27.2 80 4500 3699

20.4 60 2500 2073
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Fig. 6:	 Wheat yield-water curve for the Al Qasseem
Province under 112 kg/ha Nitrogen fertilizer.
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Value of wheat produced in Al Qasseem at three levels of

water will be calculated according to the following

information:

at 100% water level, yield will be 4147 kg/ha

at 80% water level, yield will be 3699 kg/ha

at 60% water level, yield will be 2073 kg/ha

In Saudi Arabia, the standard wheat price is SR 2 per kg

(SR 0.91 per lb), and this is the official government policy

which does not represent the international market price.

Therefore, for 100% water supply, the income from wheat

production per acre is equal to SR 3367 (equivalent to$898).

For 80% water supply, income will be SR 3003 per acre

(equivalent to $801). In 60% water supply, income from wheat

production will be SR 1684 per acre (equivalent to $449).

Values of wheat produced in Al Qasseem under different price

policy of SR 1.5 and 1 per kg will be presented in Table 11

along with the official price of wheat in Saudi Arabia.

Table 11. Value of wheat (SR/ha) produced in Al
Qasseem at specified water levels and prices

Water,	 Price of Wheat. SR/kg 
inches	 2	 1.5	 1

34.0 8294 6221 4147

27.2 7398 5549 3699

20.4 4176 3110 2073
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By applying the mentioned information for the three

water application strategies and the levels of yield all

together with the ownership and operation cost, a different

farm budget will be noticed and later on analyzed. Table 12

represents this relationship.

Table 12.	 Annual Profits of wheat produced in Al
Qasseem at specified water levels and prices

Water,	 Operating &	 Price of Wheat, SR/kg 
inches	 Ownership Cost 	 2	 1.5	 1

34.0	 3695	 4599	 2526	 452

27.2	 3673	 3725	 1876	 26

20.4	 3651	 495	 -541 -1578

Cost-income analysis shows that under all three levels,

water benefit is fulfilled under the standard wheat price.

Table 12 illustrates this.

It is obviously noticed that even with a great reduction

in water supply to 60%, farmers are still benefiting from

growing wheat at current price policy.

If subsidy (income) is cut to SR 1.5 and SR 1, would this

affect the income-benefit relationship under the three levels

of water application and what will be the significant level of
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water to achieve optimal yield? Table 12 represents the

income from wheat under two price policies SR 1.5 and SR 1.

Also, cost income relation in this table is constructed

accordingly.

Cost income analysis obtained from Table 12 shows that

under two levels of water application, 100 and 80 percent, not

only a benefit remains with a wheat price of SR 1.5. But we

also notice that only under 100 and 80 percent water

application is the gain significant with wheat price of SR1.

Sixty percent level of application fails to give a benefit to the

farmers under the two new price policies. To satisfy the

farmer's interest with a significant income, a 100 and 80

percent of water applied to crop is not acceptable to manage

the farmer's needs under a price policy of SR1. But, a price

policy of SR 1.5 associated with a 20 percent reduction of

maximum water supply is more significant.



CHAPTER 7

CONCLUSION AND RECOMMENDATION

Since Al Qasseem Province faces a water shortage

problem due to the limited natural water resources and the

arid climate conditions which have influenced the region, a

water conservation strategy should be applied to utilize the

limited groundwater for as long a period as possible. The

recharge rate of the groundwater reservoir is far behind the

rate of discharge. This phenomena happened due to the

excessive use and deterioration of the groundwater by

extensive wheat growing. Because of the agricultural business

farmers, water has been sacrificed in order to obtain higher

income. Farmers are not aware of the water availability

problem because they have no idea about the crop-water

production relationship and recharge-discharge rate of

groundwater. Non-functioning extension services provided by

the Ministry of Agriculture and Water is also a major factor

keeping the farmer misinformed about the importance of

groundwater conservation, since it is the only source of water

for agriculture. Water conservation and crop-water production

relationship programs should be established and extensively

applied and distributed to the farmers to increase the level of
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knowledge of the farmers.	 This will help them institute an

acceptable water conservation goal in line with government

policy.

Reduction in water requirement up to 80% is a useful

tool to conserve groundwater. However, benefits accomplished

by this reduction still will be affordable to the farmers. Since

the energy cost is low, the differences in cost at different

levels of water application is insignificant. Therefore, a

suggestion of releasing the subsidy on energy especially diesel

will force farmers indirectly to conserve water and this will

be achieved by pumping less water to spend fewer dollars on

energy.

A study is needed in Al Qasseem Province to determine

the actual crop-water production functions. Such a study will

provide accurate data representing the area and will be a base

step to reaching the suggested use of water.

Finally, the recommendations in point should be:

1	 Reducing the supply of water to 80%.

2.	 Further study should be done on crop-

water production functions particularly for Al

Qasseem Province.
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3. The price of wheat should be reduced taking into

consideration a reasonable benefit for the farmers

according to the farm budget constructed for the

region and price policy of SR 1.5 associated with

20% reduction of maximum water supply is more

significant.

4. A consumption use and irrigation scheduling study

should be carried out for the wheat crop in the

region to help reduce wasted water through

traditional irrigation methods.

5. Government should do more study in water

development as the main source for change and

growth in the agricultural activity and to

increasing its productivity rather than expanding

the total irrigated area.

6. Training related to improvement of on-farm water

use and management remains a high priority in

areas where water is the main constraint on

agricultural progress.
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