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The Iranian government sponsors the Droodzan Multi-purpose 

Project (DMP) in the Marv-Dasht Plain,   Fars,   Iran.     The agencies 

who are in charge of management and pricing of water allocate some 

amount of water for the agricultural sector with some certain price 

associated with it.     The objective of this study was to identify and 

analyze possible impacts of selected water prices  on cropping 

patterns and farm income levels in the Marv-Dasht Plain. 

Considering the implication of land reform laws and division of 

land between sharecroppers and landlords,   each village is divided into 

two distinct naanagerial units.     One belongs to previous sharecroppers 

who are now called Dehqan.     The other part is retained for the land- 

lords.     However,   there are three major types of farm management in 

the area;    (1) Dehqans,   working on their own land,   using their own 



labor and traditional farming tools,   (2) Khordeh-malek,   landlords 

working partly with farm machines custom hired and mostly with 

hired laborers,   (3) Omdeh-malek,   landlords using mostly owned 

farm machines with some hired labor.    According to la^nd reform laws 

there is a ban on land transaction by the dehqans and landlords are 

prohibited to make any contract with any farm laborer on the basis 

of sharecropping. 

The models developed for this analysis are constructed for two 

levels;    (1) one simple model for each of the three types of farm 

management,  and (Z) an aggregate model for the village level.    These 

programming models provide the quantitative framework.    The models 

are structured to include detailed data for each representative farm 

in the representative village.    The aggregate model permits inter- 

actions among farms and imposes a village level objective function 

and constraints. 

To provide empirical measurements for the programming 

models,   data from five different sources were evaluated.    The data 

were processed using regression analysis to obtain production 

functions for wheat,   sugarbeets,  alfalfa,   cotton,   and sunflowers. 

Water price changes in the range of negotitated prices in the 

Marv-Dasht area under the assumptions of the models were insensi- 

tive and had a negligible effect on the cropping patterns,   on the farm 

income and on the amount of water consumed in the area.    This result 



probably is not a good basis for water pricing policy in the Marv- 

Dasht area.    Rather it could be a starting point for development of 

research studies to measure and describe more definitively the 

margiwal value productivity of water in various uses. 

However,   other results as a by-product obtained from this study 

help describe the resource allocation of land,   labor,   and capital 

components.    It also suggests that income distribution effects 

associated with possible institutional changes are worthy of future 

investigation. 

It is hoped that the results related to the latter issues (economic 

efficiency and income distribution) of this study will prove useful in 

guiding economists as they attempt to provide relevant information for 

decision making regarding agricultural policies to improve the 

conditions pf farmers in the Marv-Dasht area, 

There are some general tentative conclusions that may be 

drawn from the study. 

1. Labor available in the village (dehqans,   khosh-neshins,   and 

migrant laborers) may not be fully utilized.    Although there are 

some highly intensive labor crops in the area,   there still is 

labor available which might be employed in other sectors of 

economy. 

2. Dehqans are extremely short in capital and would increase their 

crop production significantly if capital were increased to a 



comparable level per hectare to the mpre mechanized landlord 

operation. 

3. Dehqans,   if they have enough capital,   are able to compete with 

omdeh^maleks particularly well in more intensive labor crops. 

This is mainly because dehqans have their own costless labor 

where omdeh-maleks have to p9,y for labor, 

4. Khordeh-maleks are not able to compete with other types of 

farmers in the area.     They do not have free labor to enable 

them to compete with dehqans and they do not have advanced 

technology to enable them to compete with omdeh-maleks. 
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AN ECONOMIC EVALUATION OF IRRIGATION WATER PRICING 
ON FARM INCOMES AND CROPPING PATTERNS, 

MARV-DASHT PLAIN IN FARS,   IRAN 

I.   INTRODUCTION 

Historical Background of Irrigation Development 

One of the most promising methods of increasing food,   from 

ancient days,   has been found to be irrigation enterprises on every 

continent on the face of the earth.    Among notable ancient irrigation 

undertakings known to man were those of Egypt, Iraq, China,   Peru, 

and Mexico.    An historical irrigation development was recently 

reported by the Iranian government.    This resulted from a series of 

studies made as part of a program to restore the agricultural economy 

in the province of Khuzestan,   located along the southern edge of 

Mesopotamia at the foot of the Zagros Mountain? and on the shore of 

the Persian Gulf.    The sequence of irrigation development in this area 

along the upper margins of the valley of the Tigris-Euphrates can be 

traced back to 5000 B. C. 

Years of Assyrian invasions,   however,   caused the area to 

decline,   and restoration of irrigation development probably began 

under Grecian influence after the conquest of Alexander.     Then,   under 

the Sassanian Empire,   the region developed its agriculture on the 

basis of a new and boldly conceived irrigation system.    For the first 



time,   ridges were pierced by tunnels,   inverted siphons were used, 

and Kanats were extensively constructed, all for conveying irrigation 

water.     The development of the extensive Sassanian irrigation system 

improved commercial crop production (especially sugar cane and 

cotton) and encouraged new urbanization and new industries. 

This achievement implies a degree of technological progress 

and market economy.    The Persian towns at this period became a 

cosmopolitan market place for trade.    The arts also flourished,   and 

the Jundi Shapur University was founded.    That university was noted 

for it^s contributions to medicine, theology and astronomy (Paul Marr, 

1967). 

Social and Economic Benefits 

The national purpose of irrigation development has historically 

been to acquire wealth and power.    The? wealth obtained by ancient 

civilization was concentrated in the ruling class, although it was 

shared to some extent with religious and merchant classes.    Today 

the public funds are spent for irrigation development,   not merely with 

the same historical intention,   but also for a more fundamental issue, 

the issue of man's survival.     There is little doubt today among 

philosophers,   humanitarians, agricultural scientists, nutritionists, 

demographers and others who ponder the future of the world that many 



more mouths should be fed and certainly much more food will have to 

be produced in the decades to come. 

Today,   however,   the wealth acquired through irrigation develop- 

ment cannot be concentrated in any one group but must include others. 

Social welfare,   which incorporates a balanced concern for the welfare 

of the farmers as well as for the welfare of other citizens in the 

region,   is the main goal.     This broad social goal can be achieved only 

if the best possible use or combination of best possible uses of water 

and land resources are employed for short and long term needs. 

In this context, irrigation developments do not lend themselves 

to be an end but are becoming increasingly popular as broad multiple 

purpose projects.    The Doroodzan Multipurpose Project which is 

studied in this thesis can be classified as one of these projects, 

Doroodzan Multipurpose Project 

The Iranian governrnent has recently finished building a dam — 

Doroodzan Multipurpose Project (DMP)--on the Kor River in south 

central Iran.    The project is located on the Marv-Dasht plain in Fars 

province.     In the Marv-Dasht area, near the ancient city of Persepolis 

of the Persian Empire,   agricultural enterprise has been a way of life 

for many centuries.    The historic contribution of the Kor River to 

agricultural endeavor is illustrated by the existence of six masonry 

dams which were constructed over 950 years ago and still serve to 



divert water.    Evidence of ancient canals and existence of service 

canals still are present everywhere in the valley (Justin and Courtney, 

1966). 

This study includes an area about 135 kilometers long and 

70 kilometers wide for which irrigation water is provided.     The area 

amounts to about 96, 000 hectares.    Of this total,   76, 000 hectares are 

considered promising for irrigated development (Justin and Courtney, 

1965).    Before building the new dam the main diversion from the Kor 

River was Soon Canal,   which carried water to about 4, 700 hectares of 

land in the Ramjerd area.    A brush dam which was replaced annually 

was the source of the water for the Soon Canal. 

Farming under Traditional Means 

Farmers in the Marv-Dasht and Ramjerd areas live in 128 

villages,   having a population of approximately 40, 000 to 50,000, 

scattered throughout the valley.    In each village reside from 6 to more 

than 100 farm families.    Large villages contain not only farm families 

but carpenters, blacksmiths,   and businessmen as well. 

The amount of land of each village serving as a unit varies from 

600 to more than 4, 000 hectares.    Before the new irrigation project, 

some of the villages which received water from the Soon Canal and 

other dams produced winter wheat and barley,   which need irrigation 

during spring months.    Summer crop production was risky, because of 



the seasonality of summer water supply for irrigation.    The cultivated 

land,   for irrigation purposes, consisted of only 28 per cent of the total 

land of each village.    The rest of the land (72 per cent of the total) 

which did not receive water,   was devoted to dry farming,   fallow or 

grazing.    The villages which did not receive any water emphasized 

dry farming and sheep raising.     They obtained water for domestic 

purposes from small,   shallow wells. 

Land Reform 

In 1962,   land reform was implemented by the Iranian govern- 

ment.     This law has changed the form, of land ownership and the 

traditional sharecropping.    Consequently, the management,   means of 

farming,   and economic equilibrium of the villages have been altered. 

Under the post-1962 reform program,   land which belonged to 

the landlord was divided between sharecroppers and landlord on the 

basis of crop shares.    On this basis an average of two-fifths of the 

land of each village was distributed to the sharecroppers and three- 

fifths remained with the landlords.    Loss of lands and laborers has 

reduced income to landlords,   thereby threatening standards of living 

previously achieved. 

More information is given in Chapter II about this area. 



An alternative for some landowners has been to adopt new 

technological and agricultural methods on retained land to offset,   if 

possible,   the erosion of income.    Farm mechanization and irrigation 

have emerged as new technological inputs used by former landowners 

in their quest for improved income.    Farmers who previously were 

sharecroppers are suddenly faced with a new situation; land has been 

given to them,   but capital and technical knowledge are scarce. 

New Roads 

A highway which connects the southern part of Iran to the nor- 

thern states passes through the study area.    Part of this road,   which 

connects Persepolis to Shiraz and goes through the Marv-Dasht plain, 

has been widened and reconstructed in recent years.    Another high- 

way,   which is being built to connect the dam site with the main high- 

way,   passes through many villages in the area.     These roads will 

facilitate transportation of farm products to ultimate consumers. 

Break from Traditional Farming 

Landlords and farmers faced with new conditions--an assured 

and permanent water supply, a new mix of landed farmers from the 

land reform,   and asphalted roads--have to adjust their status in 

regard to them.    Traditional, farming created some sort of economic 

equilibrium in the past which provided an economic routine which 



became highly predictable.    Now exogeneous forces have inexorably 

altered the traditional scene.    New forms of risk and uncertainty 

are affecting the agricultural community of the area. 

With irrigation it is expected that dry farming and limited 

irrigated farms sooner or later will be replaced by stable irrigated 

commercial agriculture.    However,  insertion of water is a very 

important input in agricultural production,, both as a potential shifter 

of the project production function and reduction of yield uncertainty, 

and opens the challenge of how the farmers will react to that situation 

and how resources may be most efficiently utilized. 

Water is a scarce and valuable resource.    The agencies 

charged with allocation of public resources need some information 

to make allocation and development decisions.    Their decisions could 

be important for local and national policy objectives because there 

are demands for water other than agricultural. 

Alternative Water Consumers 

Petro-chemical Plant.    A petro-chemical plant and a sugarbeet 

refinery are located in the Marv-Dasht plain close to the Kor River 

downstream from the dam site.    The petro-chemical plant is 

presently producing near its 40, 000 ton annual capacity of urea.     The 

40, 000 tons  of ammonium nitrate presently being produced could be 

increased to 60, 000 tons  (Justine and Courtney,   1965). 
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Sugar Refinery.    The sugar refinery has the capacity to process 

1, 000 tons°of sugar beets per day. 

These factories have been using the Kor River to:   a) maintain 

their water supply,   and b) dilute and remove sewage and industrial 

effluents.    This would necessitate the release of stored water during 

summer and fall to continue removing waste discharges. 

Domestic Consumption.     Population growth and increase in 

urbanization in the Marv-Dasht area increase water demand for 

domestic consumption.     The water shortage predicted in the very 

near future in Shiraz (located some 70 km south of the dam site),   with 

a population of 250,000 and a 5 per cent population grpwth annually, 

indicates the need to divert some of the stored water and allocate it 

for domestic purposes. 

Recreation Use.    A lake created beyond the dam site has 

stimulated recreation for many affluent and influential people,   who 

usually have strong political ties in Shiraz.    They demand that some 

minimum permissible water level for boating be maintained. 

Generating Power.    Generating power has been one of the pur- 

poses  of "DMP. "   This  in turn should be considered in the manage- 

ment of the water use,   although the amount of water necessary for 

generating power can,  partially,   be counted in the flow necessary to 

be released for irrigation purposes or removing industrial wastes. 



The Problem Statement 

The multitude of needs and uses of water creates the greatest 

conflict during the late summer and early fall months when the stream 

flows are very low.    This creates an economic-question of 1) how 

water as a scarce and vital natural resource might be allocated 

among the competing uses in the area of study,   and 2) how water use 

in agricultural enterprises is affected by allocation using economic 

efficiency criteria.    Whether economists should comment on this 

issue or not is a controversial subject. 

Castle suggests that allocation of natural resources is 
basically a normative problem (Criteria and Planning, 
pp.   2-4).    Individuals collectively are the recipients of all 
benefits derived from the exploitation and use of natural 
resources and, therefore, are in a position to dictate a 
'social optimum, of 'what ought to be. '   Individuals have 
historically expressed what is best or optimal through the 
operations of their political and economic institutions. 
There exist fields of endeavor whiqh have utilized specific 
assumptions as to the wishes and desires of individuals and 
deduced sets of rules that must be followed to obtain certain 
results.    One such field of endeavor is the field of economics 
(S. F.  Miller,   1965). 

The concept of marginal value product (MVP) of an input is a 

basic element often used to focus on the issue of economic efficiency 

as one criterion for resource allocation.    With this criterion,   units 

of water are allocated optimally among the competing users when the 

MVP of water,   used in agriculture is equal to the MVP of water used 

in all other competing uses, assuming no interaction and externality 

effects. 



10 

In this context it should be pointed out that economic optimum 

may not be either a necessary or sufficient condition for social 

optimum since collective man has other than economic values.    To 

man it may be desirable to sacrifice some economic values for the 

achievement of other objectives.     Nevertheless, economic value is 

relevant and,   many times, useful to the efficient management of 

resources once the social issues of resource control and distribution 

of fruits of development are resolved (S.   Miller,  1965).    About the 

least we can say on this point is that economics predicts the economic 

losses or gains of some specific lines of action which may,   in turn, 

be useful for evaluation by decision makers before making any 

commitment. 

Considering the facts that a) in Marv-Dasht, agriculture is the 

greatest consumptive user of water, b) the farmers are the poorest 

and the most in need of help, and c) the agricultural products are the 

most necessary commodities to provide social well-being for 

Iranians,   evaluation of the economic consequence of irrigated water 

pricing in the area seems to be very substantial. 

Water,   like many other resources,   is not a commodity 

generally priced only by market mechanisms.     The price of water 

and its allocation is the result of both political and market forces 

(S.   Miller,   1965).    Those who are in charge of management and 

pricing of water do not necessarily follow the recommendations of 
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economists.     They are looking for economic information as a neces- 

sary but not sufficient condition to help them in making allocation and 

development decisions.     They (the DMP agencies) allocate some 

amount of water for the agricultural sector with some certain price 

associated with it.    Different prices could have different impacts on 

the farmers'   a) cropping pattern, and b) income levels,   both of which 

are important issues in the socio-economical scheme of the region. 

Objective of the Study 

The objective of this study is to identify and analyze possible 

impacts of selected water prices on cropping patterns,   farm income 

levels,   and irrigation water used in the Marv-Dasht plain,   Fars, 

Iran,     The results of this study are intended to be helpful: 

1. To the farmers,  in identifying response from water on selected 

crops and its use relative to other resources in the production 

process and its affect upon farm incomes under alternative 

management patterns. 

2. To the agencies charged with allocation of public resources in 

making water allocation and development decisions among 

competing users within the agricultural sector and between 

agricultural and non-agricultural sectors, where water pricing 

is perceived as a policy variable. 
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3.      To provide a benchmark on the effects of water use and pricing 

in the agricultural sector which could be used as the model for 

future research to evaluate water use and pricing in the non- 

agricultural sectors in the Marv-Dasht area. 

Procedures 

. The plan of this thesis is to develop an empirical model which 

specifies the economic factors considered in the study. 

The basic empirical model utilizes linear programming comple- 

mented with regression analysis.    Regression analysis is used to 

identify appropriate functional relationships from different levels of 

irrigation water,   applied in different classes of soil under different 

managerial skills for major crops to be included in the programming 

model.    A variety of mathematical equations are fitted to the 

available production data on each crop.    Statistical significance is 

applied in identifying the most appropriate functional relationships. 

The programming model permits analysis of cropping patterns, 

farm income,   and water use for different Levels of management at 

both farm and village level.     The village or aggregate component 

permits evaluation of resource use between farms having different 

management levels so that interactions among all production units in a 

village . are considered.     In essence,   a feedback system among 

representative farms,   their local and area constraints,   and other 
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relevant conditions are introduced into the aggregate programming 

model.    The aggregate programming model is conaposed of three 

sub-models,   each representing a specific type of production unit 

representing substantially different relative resource use levels in 

terms of land,   labor, capital, and technical knowledge. 

Organization of the Thesis 

Area description is   presented in Chapter II.      This is followed 

by the development of the empirical models in Chapter III,   which 

includes stratification for representative production units,   the general 

model,   model assumptions,  model constraints,   model activities, 

technical coefficients, estimated prices and costs, and the empirical 

model.    Chapter IV,   the final chapter,  is devoted to the findings of 

this study and suggestions for future research.     Supporting materials 

are presented in the Appendix. 
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II.   AREA DESCRIPTION 

This chapter presents  information on location,   agricultural 

activity,   atmospheric,   land,   and water resources, population (labor 

force),   transportation and   marketing facilities,   and capital resources 

of the area of study. 

Location 

Doroodzan Multipurpose Project is located in south-central 

Iran on Marv-Dasht plain,   near the ancient and historically prominent 

city of Persepolis,   in Fars province.    The project area extends from 

a point some 30 kilometers north of Shiraz, the capital city of Fars 

province,   to the upper end of the reservoir,   some  100 kilometers 

north and west of Shiraz.     For general orientation, the map shown 

in Figure 2. 1  illustrates the area of study.     Shiraz is some 900 kilo- 

meters south of Tehran, the national capital of Iran.     Thirty degrees 

north latitude and 52 degrees east longitude intersect in the project 

area.     The altitude is about 1700 meters above sea level.    Doroodzan 

Dam is located some 70 kilometers north of Shiraz on the Kor River 

at a point where it passe's through the Doroodzan Gorge. 

The reservoir extends for about 20 kilometers upstram from 

the dam.    From the dam,   extending downstream along the right bank 

of the river,  is the electrical transmission line and the main canal. 
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LOCATION   MAP 

SAUti 
ARAtJIA 

Figure 2.1.   Location of Doroodzan Project Marv-Dasht, Fars, Iran. 
After Justin and Courtney et al. (1966) 
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The main canal connects the reservoir with the project area.    A 

43 kilometer transmission line which connects the dam with the petro- 

chemical plant passes through some of the villages within the project. 

Agricultural Activity 

Agricultural endeavor,   for centuries, has been the way of life 

in the area.     In 1962, land reform was implemented by the Iranian 

government.     This institutional change altered the form of land 

ownership and,   consequently, the traditional means of farming and 

overall agricultural activity. 

Before the Land Reform 

Before the land reform, each village was an agricultural pro- 

duction unit owned by the landlords, who mostly lived in town.     They 

supervised their farms  indirectly,   either by the help of a representa- 

tive (Mobasher) or village headnaan (Kad-Khoda).    Some of the land- 

lords leased entire villages to tenants.    Farmers and nonfarmers 

lived in each village, with their families furnishing both direct and 

indirect labor for the agricultural enterprises.     A distinction between 

farmers and nonfarmers was  recognized. 

The term Farmer (Ra-eeyyat) referred to each male adult 

village resident who participated directly in full-time farming by 

nnaking a sharecropping contract with a landlord.    Sharecropping was 
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a common organizational practice in the region.    A landlord typically 

furnished the land, water,   capital,  seed,   and management in return 

for two-thirds of the winter crops  (shatvi) such as  irrigated wheat and 

barley,   and half of the summer crops  (seifi) such as cotton,  sugar 

beet,   rice,   and sunflower.     For the summer crops  (seifi),   share- 

croppers furnished half of the seed and half of the expenses related to 

hiring tractors  or purchasing fertilizers,  chemicals,   and other 

supplies.     Housing for the sharecroppers and storage for grains 

were the responsibility of each landlord,   while minor annual repair 

of these buildings were considered to be the duty of each sharecropper. 

The term Nonfarmers (Khosh-Neshin) referred to village resi- 

dents who did not have any contract to farm with landlords.    They 

resided in the village mostly in their own homes.     Village non- 

farmers included carpenters, blacksmiths, masons,   merchants, 

peddlers,   and others who had no particular job or skill.     During peak 

labor demand periods for agricultural activities,  such as thinning 

sugar beet and cotton and the time of harvesting these crops,   the 

nonfarmers helped farmers and received wages. 

After the Land Reform 

The land reform of 1962 reallocated land between landlords and 

sharecroppers. Three types of ownership and management practices 

emerged. 
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1. In a few villages in the area,   where a landlord owned more than 

one village,   all of the land was taken from the landlords and 

distributed among the sharecroppers living in the village. 

2. In most of the villages the land was redistributed among the 

village sharecroppers and the original landlords on the basis of 

crop shares.    Generally, two-fifths of the land was distributed 

to the sharecroppers and three-fifths  retained by the landlords. 

The sharecroppers receiving land are called "Dehqan.."' 

3. In one or two villages in the area,   where landlords had actively 

managed their farms before the land reform by using machinery 

and hired labor no land expropriation was made. 

Villages described by the first and third categories are not 

numerous enough to be significant; so are excluded from further 

consideration in this study. 

Three types of managenaent have emerged in the area subse- 

quent to implementation of the land reform, laws. 

Dehqans.       Dehqans work collectively under supervision of 

either Kad-Khoda (village headmen) or a cooperative union sponsored 

by the ministry of rural development.     Kad-Khoda supervision is used 

where a cooperative union is not set up in a village or where a 

cooperative union is formally established but not sponsored by the 

Iranian government.     The type of farming which prevails by Dehqans 

is labor intensive.    However, most of the tillage,   except for rice 
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cultivation where oxen are still being used,   is done by tractors.     The 

seeding process is still done in the traditional way by hand broad- 

casting and seed covering using chisel and oxen.    Ridging and furrow- 

ing for irrigation and weeding and thinning.also are still done by hand. 

Grain is harvested by hand with sickles.     Crops are collected and 

piled up in one place.    The first phase of threshing traditionally was 

done by dragging a special tool (bor.reh)  with iron or wooden spikes 

underneath across the grain laid on a threshing floor.     Tractors and 

disks now substitute for the borreh on threshing floors in most villages. 

Separation of grain from straw still is done by tossing the threshed 

mixture into the air with pitchforks when low-velocity wind is 

available.    All other agricultural field work, such as spraying and 

harvesting summer crops--sugar beet,  cotton,   rice,   and sunflower-- 

still is done by hand with traditional  tools.    Recently these farmers 

have begun to apply limited amounts of fertilizer, a practice not used 

under traditional farming. 

Landlords with Small Farms and Low Credit.    Landlords with 

little cash vailable,   limited credit in the capital market,   and small 

farm size have kept their previous representatives  (mobasher or 

kad-khoda).     These representatives use hired labor and some 

machinery for farming.     Their farming practices are very similar to 

those of the dehqans' except that grain harvest is with a combine 

rather than by hand cutting and threshing method.    Sefed covering at 
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planting time is by disking rather than traditional means using chisel 

and oxen.     This type of farming is termed partly mechanized with 

landlord called 'khordeh-malek1.     This is the most dominant type of 

management system prevailing in the villages. 

Landlords with Large Farms and Adequate Capital.    Landlords 

with large farms,   adequate capital, and high credit use mostly 

mechanized methods with some hired labor.     They own machinery, 

both for grains and row crops,   and use it extensively.    Hired labor 

is used in field work where machinery is not available.     They also 

use fertilizers and chemicals more than the other management types. 

This type of landlord is called 'om&eh-malek'.    He is actively 

involved in all supervisory and day to day management of all 

agricultural operations. 

Land Use 

From a 10-village survey by Pahlavi University, Agricultural 

College,   Shiraz,   in 1964,   considerable land use information was 

obtained.    Much of the land was left idle or simply grazed (Table 

2. 1).     This situation reflected not only the uncertainty generated at 

that time by the  1962 land reform but the uncertainty from   lack of 

irrigation water as well. 
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Table 2. 1.    Land Use Pattern inMarv-Dasht Plain,   1964 (before 
irrigation project). a 

Activity- Hectares 
Percentage 

"'   of total 

Gross area surveyed in 10 villages 

Land cultivated each year 

Land left fallow each year 

Grazed and occupied for buildings, 
yards,   and roads 

15,034 100 

4,193 28 

2,706 18 

8,135 54 

aData from 10-village survey by Agricultural College,   Shiraz,   Iran. 

No two successive wheat crops were planted on the same land. 

Wheat always was planted  either after fallow, a summer crop such as 

sunflower,   or a kitchen crop which did not occupy the land later than 

Mehre.     This rotation scheme was used to a) store moisture for wheat 

as the principal income crop and b) perm it ..fallow lands to be tilled in 

early spring to prevent weeds from, going to seed and summer crops 

to be continually cultivated thereby permitting the following wheat 

crop to grow under weed-free conditions.     Summer crops which 

occupied land until late fall,  such as sugarbeet,   rice, and cotton,   were 

not used in the rotation since they caused the wheat crop to be planted 

late,   resulting in poor wheat yields. 

Farm Size and Tenure 

Farm size and tenure patterns  in the ten villages surveyed are 

shown in Table 2. 2 under conditions before the land reform.     Table 



22 

Table 2. 2.    Farm Size and Tenure before Land Reform. a 

Name Unit 

Total area surveyed (hectares) 15, 034 

Total number of landlords in 10 villages 48 

Total number of tenants 121 

Total number of adult sharecroppers 626 

Average farm size per landlord (hectares) 313 

Average farm size per tenant (hectares) 124 

Average farm size per sharecropper (hectares)          24 

Table 2. 3.    Farm Size and Tenure after Land Reform. 

Name Unit 

Total area surveyed (hectares) 15,034 

Total number landlords in 10 villages 48 

Total number of tenants ? 

Total number of dehqans 626 

Average amount of land distributed to 
each dehqan (hectares) 9. 6 

Average amount of land retained for 
each landlord (hectares) 188 

3. 
Data from 10-village survey by Agricultural College,   Shiraz, 
Iran. 
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2. 3 shows size and tenure patterns subsequent to the land reform. 

Cropping Pattern and Farm Income 

Cropping acreage and gross income levels from the ten villages 

surveyed subsequent to land reform but before the irrigation project 

is shown in Table 2. 4.    The total value of product for ten villages 

with 15, 034 hectares of land was 36, 058, 177 rials.    The average gross 

value  of product was 2, 398 rials per hectare.     Excluding hills, 

buildings,   and other obstacles from, the area,   11,629 hectares were 

cultivatable and irrigable by gravity making the average gross value 

of product per cultivable hectare of 3, 100 rials. 

Atmospheric Resources 

Atmospheric resources include precipitation,   temperature, 

humidity,   wind,   and photoperiod or number of daylight hours.    These 

resources affect the number of hectares that a given quantity of water 

can irrigate,   and the level of irrigation efficiency. 

Precipitation 

Forty years of precipitation data for Shiraz indicate that 

rainfall occurs with a definite wet and dry cyclical pattern.     The 

precipitation occurs usually from early fall, month of Mehre, until 

the late spring,   month of Khordad.    In an average years,   about 



Table Z. 4.     Cropping Pattern and Gross Farm Income of 10 Villages   (before irrigation project).' 

Crop 
Total % of Cultivated       Yield 

Hectares Land (kg/ha) 

Value of 
Crop 

(rials /kg) 

Gros s 
Income 
(rials) 

Wheat 

Barley 

Rice 

Sugarbeets 

Chickpeas 

Cotton 

Alfalfa 

Fruits and Vegetables 

Oil seed (Sesame) 

Potatoes 

Subtotal 

Left fallow 

Buildings,   roads,   canals and 
idle land grazed 

2650 63,20 900 6. 75 16,098,750 

665 15.86 770 4. 14 2, 119,887 

411 9. 80 1,100 15. 0 6, 781,500 

282 6. 73 12,000 1. 10 3,722,400 

105 2. 50 1,100 20. 00 2, 310,000 

42 1.00 1, 500 ' 12. 00 756,000 

4 0. 10 7, 500 3. 00 90,000 

5 0. 12 7, 200 4. 00 432,000 

10 0.24 1,100 20. 00 220,000 

9 0.21 15,000 1. 00 135,000 

4, 192 100 

3,773 

7,068 24 20. 00 3, 392,640 

Total 15,034 36, 058,177 

Data from Justin and Courtney (1965). 



25 

340 millimeters (13. 39 inches) of rain.falls on Shiraz.    Minimum and 

maximum annual rainfalls,   fluctuating between 238 millimeters and 

918 millimeters, have occurred in the record period (Justin and 

Courtney,    1965). 

The snowfall from the higher mountains of the upper basin of 

the Kor River drainage area generates the seasonal flow for the Kor 

River. 

Temperature, Humidity,   and Wind 

Average temperature in the area is 23   C during the summer and 

8  C during the winter.    A maximum of 45   C in Mordad and a minimum 

of -10   C in Dey have been recorded.    Relative humidity is low.    It 

varies,   on average, from 70  percent in Azar to 34 percent in Mordad. 

Winds in general are northwest to southeast,   and are hazardous to 

crop production when they exceed 30 kilometers per hour during late 

spring when the grain heads are setting or in midsummer when plants 

such as cotton and sunflower are in blossom. 

Daylength 

The longest day, the first of Tir,   is about 14 daylight hours,   and 

the shortest day, the first of Dey,   is about 10 hours.    A high solar 

energy level is prevalent in the project area. 
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Graphical information about temperature and monthly rainfall 

is presented in Figure 2. 2. 

Land Resources 

Land and soil surveys of the Marv-Dasht plains area were made 

in 1954,   1955,   and 1957 under the direction of Dr.   Dewan (a soil 

scientist provided by the Food and Agriculture Organization of the 

United Nations),   and these were supplemented by a land utilization 

survey.    The main purpose of the supplementary survey was to set the 

project limits and determine the amount of land within the limits that 

was suited for irrigation agriculture. 

In general,  it was found that the lands within the project 

boundary are heavily textured clay loams and clay.     The land is 

smooth and level or is gently sloped making it well suited to irrigated 

farming by gravity flow means.     The Marv-Dasht and Ramjerd land 

within the project area is divided into six land use classes. 

Class I 

This area is defined to be good for irrigation agriculture 

capable of producing climatically adapted crops at reasonable cost. 

This type of land is found in only about 1,200 hectares of the entire 

area,   that is 0. 91 percent of the total land in the project. 
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Figure 2.2.    Average rainfall and temperature profile for Doroodzan Project area--Marv-Dasht, 
Fars, Iran {from Justin et al. ,   1966). 



28 

Class II 

Lands of moderate suitability for   irrigation,are classified lower 

than Class I in productive capacity.    About 54, 150   hectares are in 

this class. 

Class III 

This land is marginal land suitable for irrigation development 

but more limited than lands  in Class II.    Moderate salinity problems 

and/or high ground water table are the reasons for limitation.     The 

total land in Class III is 21, 550 hectares. 

Class IV 

This land is not generally suitable for irrigated crops.     How- 

ever,   crops such as wheat and hay may be irrigated safely with fair 

yields,   but there is a better yield for rice in this land.     The total 

area of land Class IV is  1,700 hectares. 

Class V 

These lands appear to be unsuitable for irrigation because of 

salinity.     These lands can be reclaimed for irrigation but with con- 

siderable project engineering required.     The total area of land Class 

V is 39, 510 hectares. 
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Class VI 

These lands are unsuitable for irrigation because they are hilly, 

marshy or rocky.     Total land of this class equals  13, 650 hectares. 

Out of 131,760 hectares of total land in the Marv-Dasht Plain 

some 96,000 hectares were selected for inclusion within the project 

area.    Some 20, 000 hectares of the 96,000 hectare total were not 

suitable for irrigable cultivation.    An additional 6, 000 hectares of 

the land classed suitable for irrigation could not be irrigated by 

gravity means thereby leaving some 70,000 hectares for irrigation 

(Justin    and Courtney,  1965). 

Irrigation Water Resource 

Water available to the Marv-Dasht area originates from direct 

precipitation,   surface runoff,  subterranean runoff,   and ground water. 

Concentration of rainfall is mostly in late fall,   during the 

winter,   and in early spring.     Considering that little agricultural 

activity is conducted during winter months,   direct rainfall in the 

area is not very effective except on dry farming grains.     However, 

precipitation in the adjacent basins at higher elevations  probably is 

greater than that recorded.     This precipitation at higher elevations 

provides more valuable sources of water for farming than direct 

rainfall in the Marv-Dasht area.     The runoff records in the Kor 
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River indicate that about  760 million cubic meters of water flow past 

Doroodzan in an average year. 

The Kor River,   after passing the Marv-Dasht plain and the 

Korbal district,   enters Bakhtegan Lake.    According to a study on the 

storage requirement of the Doroodzan Reservoir,   a controlled annual 

yield of between 450 and 650 million cubic meters could be developed. 

However,   after studying the economics of damsite construction and 

evaluating costs, the reservoir is being built with a maximum storage 

capacity of 467, 700, 000 cubic meters (Justin    and Courtney,   1965). 

Population and Labor Force 

The population of Iran is about 23 million,   with almost 75 

per cent of the people living in the villages.    Most of the people in 

the villages are engaged in agriculture or related occupations.     The 

population growth is 2. 7 per cent annually. 

The population of Fars Ostan is about 1. 5 million people,   with 

330, 000 presently residing in Greater Shiraz.     The town of Marv- 

Dasht,   in the center of the project area, has a population of about 

10,000.     Within the project area are about 128 villages.    Some are 

small,   having less than 100 residents, and some are large,   with a 

population of more than 1, 000.     The total population in the project 

area  is approximately 40,000 to 50,000,   including the town of 
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Marv-Dasht.     The annual population increase in the Shiraz area is 

recorded to be about 5 per cent. 

Village Labor 

Fifty per cent of the population of the villages are between the 

ages of 15 and 50,   45 per cent are under 15, and 5 per cent are over 

50.     The distribution of population by age group of the villages under 

5, 000  in the Shiraz area is shown in Figure 2. 3.     In addition to the 

farmers and potential laborers among their families,   resident non- 

farmer laborers are available as an agricultural labor source in the 

area. 

Tribes and Migrant Labor 

There are many different tribes living in Fars Ostan.     The 

population of the tribes  is considered to be about 300, 000 to 400, 000. 

Most of the tribes migrate between the arid steppes  in the south and 

the mountains  north of Fars.     The tribes spend the summers in the 

high mountains from 2, 000 to 6, 500 meters north of the project area 

and the winters  in the low-lying area 700 to 1,000 meters south of the 

project area.     They earn their living by livestock production and 

carpet weaving. 

In late winter and early spring, the pastures are good in the 

lowland area and the tribes graze their cattle on public and village 
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Figure 2. 3.     Population pyramid.     Village under 5,000  in Shiraz area, 
1957 census  (from Justin and Courtney,   1965). 
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grazing lands.    As the grasses dry up,   the tribes naigrate northward, 

and in the summer they reach areas above 2,000 meters.    In late 

summer they initiate the southward trek with their animals pasturing 

on crop stubble,   weeds,   various brushes and thistles. 

Each of the major tribes of Fars has a traditional route to 

travel for its migration.    It also has a traditional schedule for 

duration of stay and departure from each locality.    Many tribes (e. g. , 

Khamseh,   Qashqai, and various Arab) cross the Marv-Dasht plain,   an 

historically famous transportation route,   during their seasonal migra- 

tion. 

Youngsters of the tribe fortunate enough to find spring and 

summer employment on farms in the Marv-Dasht plain join their 

families at the end of summer when the tribes head south for winter 

settlement.    These laborers are considered as a migrant labor force. 

Marketing and Transportation 

One of the main north-south asphalted roads,   which make up the 

national highway network, passes through the Marv-Dasht plains on 

the way from Persepolis to Shiraz.    This road connects the project 

area to Shiraz and then to Bushehre on the Persian Gulf from the south 

and to Esfahan and Tehran from the north.    Another highway has been 

built to connect the dam site with the national highway.     This road 

passes through many villages in the area and, after passing the petro- 

chemical plant,   joins the national highway. 
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Within the project area,   the farm to market roads are mostly 

trails which are very rough.    Although the. two main highways men- 

tioned above may play a considerable role in the progress of the area, 

they are not sufficient and the trails will have to be improved as a 

part of the feeder road system to permit use of motorized vehicles 

(Justin and Courtney,   1965).. 

Marketing and,   to some extent, transportation of sugarbeets as 

the major cash crop,   are organized by the sugar factory.    All of the 

barley,   alfalfa hay, and dairy products and most of the fruits,   wheat, 

and kitchen crops are consumed in the village.    Marketing,   while 

undergoing gradual modernization changes,  is still confined primarily 

to local or town bazaars.    The farmers carry their products to 

bazaars in Marv-Dasht unless they have already sold their crops in 

advance of harvest to middlemen or money lenders as repayment for 

private loans. 

To prevent undue profiteering by middlemen,   multipurpose 

village cooperatives have been organized in some villages.    Almost 

no marketing functions are yet performed by the cooperatives. 

No canning,   cold storage, or food packaging is performed 

thereby adding to the already unstable marketing conditions caused by 

seasonality in production of perishable agricultural products. 
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Capital Resources 

In the Marv-Dasht area, over 90 per cent of the population is 

engaged in agriculture or related industries such as food processing. 

In general,   the income derived from agriculture,   although supple- 

mented by off-farm work,  is barely sufficient for the basic necessities. 

The masses do not have access to any amenities such as education and 

medicine unless provided by the government. 

The 10 village survey conducted in 1964 indicated that not a 

single village was receiving credit from a government credit agency 

at that time.     Lack of collateral or credit security was deemed the 

principal factor.    By 1973 the picture was .much improved.    The 

Agricultural Bank,   private banks, peddlers,  and private moneylenders 

all provide capital funds (Table  2. 5). 

Agricultural Credit and Rural 
Development Bank 

The Agricultural Bank is a government credit institution which 

has a main branch in Shiraz and six sub-units in other towns of Fars, 

but none on the Marv-Dasht plain.     The agricultural bank loans 

money to:   a) the farmers who are members of a cooperative,   b) the 

coop unions,   and c) the landlords.    The term, the period,   and the 

maximum amount of loan to each category of beneficiaries are listed 

in Table 2. 5. 
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Table 2. 5.    Source and Term of Agricultural Credit for Farmers and 
Landlords in Marv-Dasht Plain. a 

Name of Institution 

Annual 
Interest 

Rate 

(%) 

Maximum 
Period 

(months) 

Maximum 
Amount 
(rials) 

Agricultural Credit Bank 

Loans to coop members 6 

Loans to coop unions 6 

Type I loans to landlords 6 

Type II loans to landlords. 
In the form of checking account. 
Mortgage is needed with 60% 
of the value of the mortgage or 
rials  1, 000, 000 whichever is 
reached first as maximum 
credit level. 12 

Type III loans  ( for expansion) 
to landlords.    Loan up to 60% 
of mortgage value or to 80% under 
certain management situations. 8 

Private Bank Loans to Landlords. 

This loan is up to 75% of the 
mortgage value,   or rials 
15, 000, 000 whichever is reached    12 to 
first. 24 

Peddlers and Private 
Moneylenders 

20 to 
80 

12 

60 

12 

12 

up to 10 
years 

12 to 36 
months 

9 to 12 
months 

20, 000 

100,000 

300,000 

1,000,000 

no extra 
limit 

15,000,000 

3,000 

Data from Nov-Dasht Agricultural Company,   Shiraz,   Iran. 
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The Agricultural Credit bank not only insured the landlords and 

the farmers of their right to land ownership through the mortgage 

process,  but also increased the agricultural community's creditability 

and stability for private lending sources. 

Private Banks 

Private banks,   as expected,   were reluctant to extend loans to 

the agricultural community during the years immediately preceding 

and following land reform because uncertainty was associated with 

the ownership of land.    At the same time,   landlords were not willing 

to invest more money on their retained land because of the uncertainty 

associated with their ownership.    Confidence in the institutional 

structure has gradually returned.    Landlords are willing now to invest 

and expand their agricultural enterprises.    The Agricultural Bank, by 

offering large loans,   continues to play an increasing role in agricul- 

tural development of Iran.      Stability generated by the Agricultural 

Credit Bank encouraged private banks to extend loans to landlords 

with a lower interest rate and at higher amounts than before.    Private 

banks give credit to landlords up to 75 per cent of the value of their 

mortgage at a 12 to 24 per cent interest rate.    Nevertheless,   private 

banks are still somewhat reluctant to accept farmland as collateral 

for mortgage;  preferring to mortgage real estate and other properties 

in Shiraz or Marv-Dasht. 
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The sugarbeet processing plant at Marv-Dasht loans without 

interest 1, 000 rials per hectare to each grower in three equal pay- 

ments during the first three months of the growing season for 

operating capital.    This interest-free credit, although small in 

terms of the total project,   has been effective in attracting farmers to 

plant sugarbeets. 

Peddlers and Private Moneylenders 

Private moneylending is very common.     Peddlers and money- 

lenders in Marv-Dasht and Zarqan (a town located between Marv-Dasht 

and Shiraz) extend operating loans under a promissory note demand- 

ing payment before crop harvest.    If the moneylenders at crop 

planting time anticipate a good harvest and low prices at harvest time, 

they will not specify the form of repayment.    At harvest they ask for 

repayment in kind with a certain interest rate.     The interest rate is 

usually between 20 and 80 per cent for a nine-month period.    On the 

other hand,   if the moneylenders anticipate a poor crop yield and high 

prices,   they will demand repayment in kind at some predetermined 

price level.    In this form of agreement, interest is usually collected 

by a crop deduction process.    As the result of these practices,   the 

farmers not only are always in debt to these moneylenders but also 

their marketing alternatives are restricted (Battelle,   1972).    Never- 

theless,   most farmers are interested in borrowing from moneylenders 
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because of the convenience and informality associated with that type 

of loan,   low cost at the time of borrowing,   personal knowledge of 

land parcels and personages,   and no personal embarrassment to the 

farnners in borrowing which is contrary to farmer attitudes in borrow- 

ing from the agricultural bank in Shiraz. 

Some of the landlords have sufficient funds for their family 

living as well as farming expenses,  but many of the small landlords 

and practically all of the farnaers are badly restricted in capital.     The 

financial status of the farmers is the poorest of them all.     The land- 

lords have the possibility of borrowing from private banks and the 

agricultural bank because 1) mere land ownership secures credit by 

indicating the ability for repayment; and 2) being acquainted with the 

influential people in Shiraz is highly effective in improving their 

creditability.    But farmers are not permitted, according to land 

reform law,   to use land as a collateral source for private loans,   and 

do not have any political influence in Shiraz with the Agricultural 

Credit Bank so are confronted with a poor credit status. 

Another handicap for farmers in borrowing from financial 

institutions located in Shiran is other connected costs associated with 

borrowing money.    These costs include transportation to the city, 

food and lodging during the time that the loan is being negotiated,   and 

the cost of purchasing customary gifts from Shiraz for their families 

during their trip.    These costs   very  often are many times more than 
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the bank's interest rates on borrowed money.    Considering the limita- 

tion on the money they can borrow from the .Agricultural Bank, 

because of their poor credit, the relative cost per unit of borrowed 

money is very high indeed. 
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III.   MODEL DEVELOPMENT 

This chapter consists of eight section^.     The first section 

discusses the procedure of stratification and selection of the repre- 

sentative production unit.    The second section states the general 

model.    The third section presents the model assumptions--general 

model assumptions,   village level assumptions,   and farm level 

assumptions.    The fourth section discusses the model constraints 

The fifth section presents the model activities.    The sixth section 

describes the technical coefficients.    Prices and costs are the subject 

of the seventh section.    The final section presents the empirical model 

construction. 

The Representative Production Unjt 

When the population of production units is large,   the cost of 

analysis on each individual will become an important restriction for 

the researcher.    The practical way of analysis is to charaxterize 

groups of villages or farms in the population as "representative 

firms" and use these representative firnas for the analysis.    This idea 

of representative firms is not a new one.    It was discussed as early 

as the nineteenth century by Alfred Marshall. 

But F. F.   Elliot (1928) was probably the first one who indicated 

the application of the representative firm in the analysis of the 
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aggregate.    Elliot argued that a typical farm,   according to his 

definition,   is closely related to what Marshall called the representa- 

tive firm. 

The usefulness of representative firms in the analysis of an 

area is evident,  but one should be aware that improper selection of 

representative firms can easily lead to biased results especially if 

the aggregate level is concerned.     The representative units can be 

selected through the stratification mechanism. 

However,   the stratification should be based on one or more 

common characteristics to be identified among the individual firms in 

the population.    Then the representative firms can be derived from 

different stratified groups.    Once the representative firms are 

defined they can be analyzed as an average for all production units 

in the area. 

The representative firms in our case involve two levels--the 

village and the farm. 

Village Level 

In Iran the term village refers to an agricultural community 

where farmers reside.    The villagers have certain common property 

rights involving the grazing of idle lands and crop stubble located 

within the boundary of the village.     The residents have strong family 

and neighbor ties and feel that the village is their home and they are 
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proud of it.    The residents of a village,   sociologically and psycho- 

logically,   have some common goals.    In consideration of these con- 

ditions,   a hypothetical village,   derived from averaging villages 

surveyed by Pahlavi University,     was chosen as a representative 

village.     The village model was constructed to account for community 

resource levels of land,   labor,   and capital which affect decision 

making at the farm level. 

Farm Level 

As the result of implication of land reform laws and division of 

land between past sharecroppers and landlords,   each village is divided 

into two distinct managerial units.    One belongs to previous share- 

croppers who are now called dehqans,   and other part is retained for 

the landlords. 

Realizing the homogeneity of soil,   climate,   and crops among 

the villages in the area,   the main characteristic used in stratification 

was the type of farming.    In this study three types of farming within a 

representative village are considered:   traditional farming by dehqans, 

partly mechanized farming by khordeh-malek,   and mostly mecha- 

nized farming by omdeh-malek. 

These data on farm practices and resourpes available on the village 
level were collected by Pahlavi University,   College of Agriculture 
during the period 1341-43 (Justin and Courtney,   1965). 
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Dehqans.    Dehqans,   individually,   have small farms (5-15 

hectare),   almost no capital,   and very limited credit.    They work on 

their own land,   use their own labor and tools,   and apply traditional 

farming methods.     They only employ tractors for plowing and occa- 

sionally for threshing. 

Khordeh-malek,    Khordeh-maleks have medium size farms, 

some capital,   and fair credit.    They cultivate their crops with 

custona operation farm machines such as tractors and combines,   but 

most of the agricultural activities are done by hired labor. 

Omdeh-malekt    Omdeh-maleks have relatively large farms, 

adequate capital,   and good credit.     They use mostly their own farm 

2 
machines wj.th hired drivers and labor. 

The General Model 

Since the analysis of cropping patterns and farnas inconae 

responses to change in   irrigation  water price is the major interest 

of this study,   empirical work can be gxcomplished by applying tech- 

niques such as budgeting,   simulation,   or linear progrsimming. 

Considering the characteristics of the study area,   having 

several parallel activities,   and the objectives of this thesis--dealing 

2 
In the area of study many different; types of farming are prevalent 
among the landlords.    But for the sake of this study two predominant 
types are selected as the representative farnaing units. 
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with economic efficiency criteria--linear programming was selected 

as the major tool and complemented with regression analysis for 

identification of input-output coefficients. 

3 
The general linear programming model    is to: 

Maximize 

Subject to: 

z   =   S. S.   P.   Q. . -   2- 2. P. Q 
f     k     k     kf f     i     i     if 

SkRckfQkf-RcifQif5NfTcf(c=1'   •••'   n) 

(i = c) 

sf Qfs - sf Qfp =0 

for each farm individually and at village level collectively, 

where: 

z -    objective functions that are total revenue above and over 

total variable costs. 

P =   the price of product k, (1) 

Q =   the quantity of product k sold by representative 

farm type f, (2) 

P.        =   the price of input purchased from outside the system (3) 

Q =   the quantity of input i purchased by representative 

farm type f, (4) 

3 
The procedure of this model was adapted from John H,   Berry,     "A 

method of Handling Pecuniary Externalities in Relating Firm and 
Aggregate Supply Function, "   Ph. D.   thesis,   Purdue University, 
Aug.   1969. 
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R  , f   =   the amount of constraint (c) used in producing one unit 

of activity  (k) by the representative farm of 

group f, (5) 

R   .,    =   the amount of constraint (c) is increased by the 
cu 

purchase of a unit of input i by the representative 

farm of group f, (6) 

N,        =   the number of farms in homogeneous group f, 

here N = 1, (7) 

T  ,f     =   the initial amount of constraint (c) controlled by 

the representative farm in group f. (8) 

s 
Qf        5=   the quantity of resource sold by a representative 

unit of group f to another representative unit 

in the village (9) 

Q =   the quantity of resource purchased by a 

representative unit of group f from another 

representative unit in the village (10) 

Model Assumptions 

In addition to the standard assumptions of linear programnaing 

(linearity,   divisibility,   additivity,   finiteness,   and single valued 

expectations) several assumptions specific to this study need to be 

addressed.    These involve both village and farm level assumptions. 
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Village Level 

On the village level,   there are the following assumptions: 

1. The objective for the village level in addition to finding the 

water price effect on each farmer's cropping pattern,   farm 

income,   and total water consumed,   is to maximize the total 

village income subjected to the interaction effects between 

different farm units within the village.    Therefore,   the model 

would force khordeh-maleks and omdeh-maleks to give a 

priority to hiring dehqans' laborers as long as they are available 

regardless of their wage rate which is 5 percent higher than 

migrant laborers.    Landlords will hire other farm laborers 

only if all dehqans' labor is used. 

2. Institutional factors,   sociological    beliefs,   and psychological 

impediments which have caused prevailing farm organization 

will not change markedly within the next five years,   which is the 

prediction horizons of this study. 

3. This model is built for an intermediate run (4-6 years).    All 

machinery costs,   for example,   are considered to be variable 

costs.    Therefore,   the custom rates for machinery use for the 

partly mechanized landlords (Khordeh-malek) and dehquans are 

considered to be the same as the combined operating and 
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ownership costs for mostly mechanized landlords who own 

machinery. 

4. The prices of crops,   labor wage rates,   machinery,   and 

fertilizer costs are assumed to remain relatively the same 

through the model time horizon. 

5. It is assumed that demand for each crop except alfalfa,   which is 

limited in the model by a maximum constraint,   is perfectly 

elastic for the given prices  (i. e. ,   no pecuniary economic 

externality exists to change prevailing prices). 

6. It is assumed that the supply of inputs,   either inputs available 

in the area or inputs supplied fronn outside,   is perfectly elastic, 

and therefore the quantity of input purchased will not affect the 

price. 

Farm Unit Level 

1.      The land ratio between landlords as one group of producers and 

dehqans as the second group in the area is reasonably constant 

at three-fifths and two-fifths respectively,   as set by the land 

reform program.     But the weights between the two types of land- 

lords (khordeh-malek and omdeh-malek)   vary widely between 

villages.     Since no data are available to directly project the 

proportion of either type of landlord in the representative 

village,   three distinctly different cases are assumed: 



49 

a. 25_ percent of the landlords are khordeh-malek and 

75 percent of them are omdeh-malek. 

b. 50_ percent of the landlords are khordeh-pnalek and 

50 percent of them are omdeh-malek. 

c. 75_ percent of the landlords are khordeh-malek and 

25 percent of them are omdeh-malek. 

2. It is assumed that land base of both landlords and dehqans, 

and their institutional organization,' will not be changed during 

the time horizon of the model. 

3. It is assumed that new knowledge,   land leveling,   drainage,  and 

other factors which may affect soils productivity and conse- 

quently technical coefficients of the ntiodel will not occur within 

the 5-year time projection of the model. 

4. The firm production functions for each crop being raised in 

the area generally are not linear. But it is assumed that in 

some range of input a linear approximation of production is 

appropriate. This assumption is made for each alternative 

method of production under different levels of irrigation on 

different classes of soil for various crops. 

Model Constraints 

Because the programming model developed for thig study 

involves stratification at both the village and farm levels,   discussion 
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of land,   labor and capital resource constraint levels are presented for 

both levels.     The three farm level management units hereafter will be 

specified as "B" type  farmers (dehqans),   "C" type farmers (khordeh- 

malek),   and "D" type farmers (omdeh-malek).    Data from the survey 

of 10 villages discussed in Chapter II were averaged to obtain the 

resource base for the representative village used in the study. 

Land 

The land base of the village is 1500 hectares.    While land in the 

study area is classified into six different soil groups,   land class one 

and four were omitted from the model since they each conaprised less 

than 1 percent of the actual land base.    The proportion of village land 

in soils classes II,   III,   V and VI for the model is the same as that 

found from the Marv-Dasht area survey.    About 60 per cent is in soil 

class II with the remainder about equally distributed in class III,   V 

and VI.    With exception of class VI,   each of the land classes is 

capable of being irrigated but with lower yield potential on the higher 

numbered land classes.    Table 3. 1  shows the land resource base of 

the village model.    Of the 1500 hectares total,   6l6 hectares are class 

II land,   245 hectares class III,   199 hectares class V and 94 hectares 

class VI.    Class VI is hilly dryland suitable for cultivation but r^ot for 

irrigation by the gravity method currently employed.    Garden and 

kitchen crops embody 34 hectares of irrigated land.     Because garden 
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Table 3. 1.    Irrigated land base of representative village and its 
distribution by management units. a   (unit of measurement 
is hectares) 

Resource 
Total in a 

representative 
village 

Dehq; 
B 

Land 

Total 1500 462 

Class II 616 246 

Class III 245 98 

Class V 199 80 

Class VI 94 38 

Buildings,   ro 
and grazing 

ads 
312 

Landlord 
C and/ 

or D 

692 

370 

147 

119 

56 

Gardens and 
kitchen crops 34 

Data from Justin and Courtney. 
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crops are consumed directly by the family rather than sold,   those 

34 hectares were excluded from the study.    The 312 hectares listed 

for building,   roads and grazing also are excluded from the study.    It 

provides communal grazing land necessary for dotnestic animals which 

provide cheese,   milk,   occasional meat for consumptive use by farmers 

in the village.    Because 346 hectares within the village model is set 

aside for specific purposes,   only 1154 hectares remain effective land 

base for alternative cropping choices.    The land in turn ie divided on 

a 40-60 split between dehqan and landlord management units.    Each 

village contains both dehqan and landlord management units.    Land- 

lords in a village are managing-either C and/or D type units. 

Labor 

The representative village has a population of 535 inhabitants 

which includes 2 50 adults (men and women) and 98 children above 12 

years old.    Sixty-three of the men are dehqan farmers.    It is assumed 

that the 63 farmers with their wives would make a total of 12 6 people 

leaving 133 adults remaining as non-farmers.    It is assumed that 

24 boys and 24 girls belong to the farmers and 25 boys and 25 girls 

to the non-farmers. 

For agricultural purposes it is assumed that one full-time man 

equivalent is available for work up to 265 man days per year.    The 

work year is divided into four seasons: 
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First season: 68 work days,   from Esfand 1st to 

Ordibehesht 31st 

Second season: 78 work days from Khordad 1st to 

Mordad 31st 

Third season: 74 work days from Shahrivar 1st to 

Aban 30th 

Fourth season: 45 work days from Azar 1st to 

Bahman 30th 

The holidays and weekends are excluded from the calculation of 

the number of work days in each season. 

Woman and boy labor used on farms is valued at 1 /2 a man 

equivalent while girl labor is valued at 1/3 a man equivalent.    Village 

labor available for agricultural purposes comes from three sources: 

dehqans and their family,   village non-farmers,   and migrant labor.    In 

the model,   dehqans own their own land and they may work it them- 

selves and hire out their labor on other farms or work in the village 

depending upon where the opportunity cost is the highest.    The village 

non-farmers (khosh-neshin) do not have permanently specified jobs. 

Hence they,   like dehqans,   may work in the village or in the field 

depending upon Where their opportunity cost is highest.    However, 

they may go out of the village to find a job,     Since carpet weaving 

is a common practice for women and girls,   they are not willing to be 

engaged in farming the year round.    The farm family offers its labor 
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during the second and third seasons while the non-farmer's family is 

willing to work in the field only during the third period. 

Migrant labor provides a seasonal labor supply.    Many tribes 

(e. g. ,   Khamseh,   Qashqai,   and various Arab) cross the Marv-Dasht 

plain,   which is one of their natural migrating routes,   twice a year 

during their seasonal migration.    They migrate with the seasons 

seeking feed for their sheep and goat flocks on common property 

grazing lands.    The first time is about spring,   when the grass dries 

up in the south and the tribes migrate northward.    The second time 

is in late summer when the tribes start returning to the south.     The 

jobless youngsters of the tribe are willing to stay and work on the 

farms during spring and summer,   seasons  1 and 2.    Then they join 

their families at the end of sunamer when the tribes head south for 

winter settlement.    These laborers are considered as a migrant 

labor force.    The migrant labor is not skilled but can do such things 

as weeding and hand harvesting.    They also can be hired to work under 

supervision of the practiced 'farmers for other agricultural activities 

such as spraying,   thinning the crops,   and so on. 

Since there are no data showing how many migrant workers are 

willing to offer their labor,   two hypothesized levels--1, 000 and 10, 000 

man-days of labor per season--are assumed to indicate the range of 

available migrant laborers in the representative village during the 

first and second seasons. 
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Table 3. 2 shows the upper limit of availability of each of the 

three sources of labor for farming in each calendar period.    The 

village labor is available for use on both dehqan and landlord farms. 

Capital 

All omdeh-maleks and some of the khordeh-maleks have suffi- 

cient funds for their annual living and farming expenses,   but some 

of the small landlords (khordeh-malek) and practically all of the 

farmers are badly restricted in capital.    Each of three entrepre- 

neurial organizations in the representative village has different 

financial status.    Dehqans need capital not only for agricultural 

activity but also for their living expenses.     These funds are main- 

tained through agricultural enterprise,   selling their labor,   or going in 

debt. 

For the model,   a farmer's cash requirement for living expenses 

is calculated on the basis of his ma,n-day labor offering per year and 

the wage rate on each period.    This amounts to 21, 600 rials for each 

family per year or 1, 360, 000 rials for the 63 dehqans in the repre- 

sentative village.    The credit capacity of each type of enterpreneur, 

the source of funds,   and the related interest rates are shown in 

Table 2. 5 in Chapter II.    Capital positions of representative manage- 

ment units in the model are presented in Table 3. 3. 



Table 3. 2.     Available Annual Labor Supply Reported by Source and Seasonal Availability for the 
Representative Village. a 

Work 
days 

Available man-days per season 
Adults Children 

Men Women Girls      Boys Total 

Farmers and Family 

Total 
First season 

(Esfand-Ordibehesht) 
Second season 

(Khordad-Mordad) 
Third season 

(Shahrivar-Aban) 
Fourth season 

(Azar-Bahman) 

Non-farmers and Family 

First season 
Second season 
Third season 
Fourth season 

Migrant labor 

First season 
Second season 

265 

68 4,284 - - 816 5, 100 

78 4, 914 2,457 624 936 8, 931 

74 4, 662 2,331 592 888 8,473 

45 2,835 - - 540 3,375 

68 4, 488 850 5, 338 
78 5, 148 - - 975 6, 123 
74 4, 884 2,442 617 925 8,868 
45 2, 970 - - 562 3, 532 

1, 000-10,000 
1, 000-10,000 

Data from 10 village survey conducted by Pahlavi University,  Shiraz,   Iran. 

63 men,   63 women,   24 girls,   24 boys 

"66 men,   66 women,   25 girls,   25 boys 
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Table 3. 3.    Family Living Requirements and Credit Availability by 
Management Unit within a Representative Village 
(in 103 rials). 

Dehqan Landlord 
BCD 

Cash 

Cash requirements  (minimum 
expenses for the composite 
of 63 dehqans) 1, 360 

Cash available for agricul- 
tural activities 126 1, 000 4, 000 

Credita 

Agricultural Bank,   Type I loan 1, 260 300 300 

Agricultural Bank,   Type II loan 1,000 1,000 

Agricultural Expansion Fund 9, 000        12, 000 

Private bank 12% interest rate 12, 000 

Private bank 18% interest rate " 9, 000 

Peddler,   50% interest rate 180 

a See Table 2. 5,   Chapter II,   for detailed information on credit sources. 



58 
Summary of Representative 
Farm'Unit Constraints 

This section summarizes constraints which are management 

unit specific and presents them in programming format in Table 3. 4. 

Farm unit B is dehqans,   C is khordeh-malek and D is omdeh- 

ma le k. 

Row one is the objective function (gross inconae over variable 

cost for each activity) to be maximized.    Rows 2 through 5 are the 

maximum available land under control of each production unit.    Rows 

6 through 8 represent the balance of fallow land for each land class. 

These constraints require that for irrigated wheat and barley to be 

produced it must be done with an equal amount of fallow used as a 

weed control practice for the grain crops. 

Rows 9 through 12 designate the number of days of farmer and 

family labor available for each of the seasons while rows  13 through 

16 designate the number of day-labor for non-farmer residents 

(khosh-neshin) and family for each of the seasons.    Rows  17 and 18 

are season 1 and season 2 migrant labor constraints.    Row 19 is a 

resource use accounting row which requires the amount of water 

purchased to be exactly equal to the amount of water used in agri- 

cultural activities. 

Rows 20 through 22 are wheat rotation accounting constraints 

which specify that wheat can only be planted after fallow or sunflower 

for all classes of land. 
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Table 3. 4.    Summary of Constraints for Each Representative Farm 
Unit (B,  C,   or D). 

Farm 
units 

Row 
number 

Item 
Unit of 

measurement 

B.C. D 

B, CD 

B.C.D 

B.C, D 

B.C.D 

B.C.D 

B.CD 

B.C.D 

B 

B 

B 

B 

B.C.D 

B.C.D 

B.C.D 

B, C.D 

1 Net returns over variable costs 

2 Land class II 

3 Land class III 

4 Land class V 

5 Land class VI 

6 Fallow balance land class II 

7 Fallow balance land class III 

8 Fallow balance land class V 

9 Labor (available farmers & 
family),   1st season 

10 Labor (available farmers & 
family),   Znd season 

11 Labor (available farmers & 
family),   3rd season 

12 Labor (available farmers & 
family),   4th season 

13 Labor (available nonfarmers but 
resident),   1st season 

14 Labor (available nonfarmers but 
resident),   Znd season 

15 Labor (available nonfarmers but 
resident),   3rd season 

16 Labor (available nonfarmers but 
resident),   4th season 

10" rials 

hectares 

hectares 

hectares 

hectares 

hectares 

hectares 

hectares 

man-days 

man-days 

man-days 

man^days 

man-days 

man-days 

man-days 

man-days 

(Continued on next page) 
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Table 3. 4.     (Continued) 

Farm 
units 

Row 
number 

Item 
Unit of 

measurement 

B, C, D 17        Labor (migrant),   1st season 

B, C, D 18        Labor (migrant),   2nd season 

B,C,D 19        Water balance 

B,C, D 20        Wheat rotation,   land class II 

B, C, D 21 Wheat rotation,   land cla3S III 

B, C, D 22 Wheat rotation,   land class V 

B.C.D 23 Cash available 

B 24 Cash requirement 

C,D 25 Credit capacity from private banks 

B, C, D 26        Credit capacity from agricultural 
bank,   Type I loan 

CD 27        Credit capacity from agricultural 
bank,   Type II loan 

C, D 28        Credit capacity from agricultural 
expansion fund 

B 29        Credit capacity from peddlers 

B 30        Wheat minimum hectares 

man-days 

man-days 

3      3 10    rci 

hectares 

hectares 

hectares 

rials 

rials 

rials 

rials 

rials 

rials 

rials 

kilograms 
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Row 23 is a cash account restriction from which representative 

units pay their operating costs during the year.    Any borrowed money 

is transferred to this account and all expenditures are drafted from 

this account. 

Row 24 is assigned only to the 63 dehqan families in the repre- 

sentative village who have no source of income other than that from 

farming.    The restriction specifies that revenue from the sale of 

farm products must equal or exceed a minimum family living expense 

of 1, 360, 000 rials per year and if it does not,   the money for family 

living must be borrowed from peddlers and/or the agricultural bank. 

Rows 25 through 29 specify the credit limitations from external 

sources available to each representative unit. 

Row 20 was used to allow some minimum (92, 000 kilograms) 

production of wheat by dehqans interested in producing at least enough 

wheat for their own subsistence. 

Summary of Village Constraints 

In addition to the representative farm unit restrictions,   village 

constraints specific constraints also exist in the model.     These con- 

straints specify the interrelatedness or dependence of representative 

farm units to the village resource base.    Summary of the village 

constraints are shown in Table 3. 5. 
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Table 3. 5.    Summary of Village Constraints. 

Row 
number 

Item R. H. S. 
Unit of 

measurement 

V 1 Farmers' labor balance,   season 1 

V 2 Farmers' labor balance,   season 2 

V 3 Farmers' labor balance,   season 3 

V 4 Farmers' labor balance,   season 4 

V 5 Land class II,   transfer balance 

V 6 Land class III,   transfer balance 

V 7 Land class V,   transfer balance 

V 8 Land class VI,   transfer balance 

V 9 Water 

V10 Migrant labor,   1st season 

VI1 Migrant labor,   2nd season 

V12 Resident but non-farmer labor, 
1st season 

V13 Resident but non-farmer labor, 
2nd season' 

V14 Resident but non-farmer labor, 
3rd season 

V15 Resident but non-farmer labor, 
4th season 

Vl6 Alfalfa maximum 

= 0 

= 0 

= 0 

= 0 

= 0 

= 0 

= 0 

= 0 

= 0 

< 

hectares 

hectares 

hectares 

hectares 

hectares 

hectares 

hectares 

hectares 

hectares 

man-days 

man-days 

man-days 

man-days 

man-days 

man-days 

kilograms 
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For the village,   four accounting equations on labor use VI     

through V4 are listed.    These rows specify that in each season the 

quantity of labor sold by dehqans must be exactly equal to the amount 

of farmer labor purchased by the landlord in the village.    These 

restrictions were included on the assumption that the only opportunity 

cost available for the farmers,   sticking to their land,   is to be hired 

by landlords in their own village.    Dehqans,   according to the land 

reform laws,   are not permitted to sell or lease their lands to some- 

one else.    Therefore,   they are reluctant to go out of the village for 

another job because they think they might: lose their land. 

Rows V5 through V8 are land class transfer and balance equa- 

tions which permit C and D type landlord units to rent la^nd from each 

other within a village.    This restriction further assumes that land 

cannot be transferred outside the village.    Dehqans cannot lease or 

sell their land. 

Row V9 refers to irrigation water consumption.    This is a 

simple aggregation of row 19 for all three of the representative farm 

units and specified as a total village water balance equation. 

Rows V10 and VI1 are for migrant labor available in two 

seasons.    They were transferred to the village model from rows  17 

and 18 of the representative farm unit models. 

Rows VIZ   through V15 represent resident but non-farmer labor 
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in four seasons.    They were transferred from rows  13 through 16 of 

the representative farm unit models to the village model. 

The final village constraint Vl6 deals with village alfalfa pro- 

duction.    A restriction of 100, 000 kilograms in the village was placed 

on alfalfa production.     This amount to be no more than 10 times the 

amount produced in the village before irrigation water became 

available.     The limit was imposed because no market has as yet been 

established for forage,   thereby restricting sales and purchases 

between farmers living in close proximity to each other.     In addition, 

the limitation precludes a precipitious price decline for alfalfa from 

occurring. 

In this respect,   Allen Le Baron (1970) argues that although 

alfalfa prices in Iran are high relative to other crops,   the commercial 

fodder market is very limited.    Alfalfa production is fragmented, 

with many small lots providing just enough to maintain feed for 

farmers' animals through the winter.    Brown has argued that the 

existing livestock marketing system dampens any incentive for alfalfa 

prbducticm (Le Baron, p. 137).    However,   a three-fold increase in alfalfa 

production in Iran was contemplated by the Plan Organization through 

the Fourth Plan period,   mainly in connection with new irrigation 

development (p.   134).     Justin Courtney and Telaghani Daftary,   under 

their project recommendations,   suggested a fifty-fold increase of 

alfalfa land in the Marv-Dasht area (J.   Courtney,   1965).    In this 
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analysis,   considering the above information,   a village constraint 

limits the production of alfalfa not to exceed more than 10 times the 

amount produced before the project. 

Model Activities 

Seventy-eight activities are considered in the model.    They 

are listed in summary form in Table 3. 6.    Activities Al through A49 

are grouped as production activities while A50 through A78 are classed 

as marketing activities.    Some of the activities are common to B,   C, 

and D type farm units while others are specific to only certain farm 

units.     Limitation of activities by type of farm unit is specified also 

in Table 3. 6. 

The irrigated crop included as activities in the model are wheat, 

barley,   alfalfa,   cotton,   sugarbeets,   sunflowers and rice.    Wheat and 

barley also are included as dryland crops.    Kitchen crops (tomatoes, 

eggplant,   onion,   beans,   melons,   potatoes) and fruit trees (grapes, 

apples,   apricots,   and cherries) are not yet commonly produced com- 

mercially in the area.    Their production is fragmented with many 

small lots on class I land.    Consumption of these crops is limited to 

the village.    Hence,   the kitchen crops and fruits and land class I are 

omitted from the model because of lack of data and non-market 

oriented production. 
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Table 3. 6.    Identification of Activities for Representative Unit Farm 
B,   C,   or D). 

Farm        Activity 
un it numb e r 

Activity (A) Units 

Production activities 

B, C, D        A  1 Fallow land,   class II hectares 

A 2 Fallow land,   class III " 

A 3 Fallow land,   class V " 

A 4 Wheat,   land class II,   irrigated, 
high water level " 

A 5 Wheat,   land class II,   irrigated, 
medium water level " 

A  6 Wheat,   land class II,   irrigated, 
low water level " 

A 7 Wheat,   land class III,   irrigated, 
high water level " 

A 8 Wheat,   land class III,   irrigated, 
medium water level " 

A  9 Wheat,   land class III,   irrigated, 
low water level " 

A10 Wheat,   land class V,   irrigated, 
medium water level " 

All Wheat,   dryland,   land class II (fallow) " 

A12 Wheat,   dryland,   land class III (fallow) " 

A13 Wheat,  dryland,   land class VI " 

A14 Barley,   land class II,   irrigated, 
high water level :     " 

A15 Barley,   land class II,   irrigated, 
medium water level " 

Al6 Barley,   land class II,   irrigated, 
low water level " 

A17 Barley,   land class III,   irrigated, 
high water level " 

A18 Barley,    land class III,   irrigated, 
medium water level " 

(Continued on next page) 
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Table 3. 6.     (Continued) 

Farm      Activity 
unit number 

Activity (A) Units 

B,C,D        A19 

A20 

A21 

A22 

A23 

" A24 

A25 

" A26 

" A27 

A28 

" A29 

" A30 

A31 

A32 

" A33 

11 A34 

A35 

Barley,   land class III,   irrigated, 
low water level 

Barley,   dryland,   land class II (fallow) 

Barley,   dryland,   land class III (fallow) 

Barley,   dryland,   land class VI 

Alfalfa,   land class II,   irrigated, 
high water level 

Alfalfa,   land class II,   irrigated, 
medium water level 

Alfalfa,   land class II,   irrigated, 
low water level 

Alfalfa,   land class III,   irrigated, 
high water level 

Alfalfa,   land class III,   irrigated, 
medium water level 

Alfalfa,   land class III,   irrigated, 
low water level 

Cotton,   land class II,   irrigated, 
high water level 

Cotton,   land class II,   irrigated, 
medium water level 

Cotton,   land class II,   irrigated, 
low water level 

Cotton,   land class III,   irrigated, 
high water level 

Cotton,   land class III,   irrigated, 
medium water level 

Cotton,   land class III,   irrigated, 
low water level 

Sunflower,   land class II,   irrigated, 
high water level 

hectares 

(Continued on next page) 
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Table 3. 6.     (Continued) 

Farm      Activity 
unit number 

Activity (A) Units 

B, C, D        A36 Sunflower,   land class II,   irrigated, 
medium water level 

A37 Sunflower,   land class II,   irrigated, 
low water level 

A38 Sunflower,   land class III,   irrigated, 
high water level 

A39 Sunflower,   land class III,   irrigated, 
medium water level 

A40 Sunflower,   land class III,   irrigated, 
low water level 

A41 Sugarbeet,   land class II,   irrigated, 
high water level 

A42 Sugarbeet,   land class II,   irrigated, 
medium water level 

A43 Sugarbeet,   land class II,   irrigated, 
low water level 

A44 Sugarbeet,   land class III,   irrigated, 
high water level 

A45 Sugarbeet,   land class III,   irrigated, 
medium water level 

A46 Sugarbeet,   land class III,- irrigated, 
low water level 

B, C A47 Rice»    land class II followed by 
fallow,   Z hectares 

B,C,D        A48 Rice,   land class III followed by 
fallow,   2   hectares 

D A49 Rice,   land class V followed by 
fallow,   2 hectares 

Market activities 

B, C, D        A50 Buy water 

" A5 1 Hire nonfarmer resident,   1st season 
(Esfand Ist-Ordibehesht 31st) 

3      3 
10    mJ 

man-days 

(Continued on next page) 
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Table 3. 6.     (Continued) 

Farm     Activity 
unit        number 

Activity (A) Units 

B,C, D        A52 

A53 

CD 

A54 

CD A55 

ti A5 6 

11 A57 

ii A58 

B, CD A59 

11 A60 

B A6l 

II A62 

it A63 

II A64 

II A65 

CD A66 

B.CD A67 

A68 

11 A69 

B A70 

CD A71 

II A72 

II A73 

11 A74 

Hire nonfarmer residents,   2nd season 
(Khordad Ist-Mordad 31st) man-days 

Hire nonfarmer residents,   3rd season 
(Shahrivar Ist-Aban 30th) " 

Hire nonfarmer residents,   4th season 
(Azar Ist-Bahman 30th) " 

Hire farmer labor,   1st season " 

Hire farmer labor,   2nd season " 

Hire farmer labor,   3rd season " 

Hire farmer labor,   4th season " 

Hire migrant labor,   1st season " 

Hire migrant labor,   2nd season " 

Sell own labor,   1st season " 

Sell own labor,   2nd season " 

Sell own labor,   3rd season " 

Sell own labor,   4th season " 

Living expenses rials 

Borrow from private bank " 

Borrow from Agricultural Bank, 
Type I loan " 

Borrow from Agricultural Bank, 
Type II loan " 

Borrow from Agricultural Expansion Fund     " 

Borrow from peddlers " 

Transfer land class II by sale or leatse " 

Transfer land class III by sale or lease " 

Transfer land class V by sale or lease " 

Transfer land class VI by sale or lease " 

(Continued on next page) 
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Table 3. 6,     (Continued) 

Farm        Activity ....,,,.. ' Activity (A) Units 
unit number 

CD A75 Transfer land class II by purchase 
or lease rials 

" A76 Transfer land class III   by purchase 
or lease " 

" A77 Transfer land class V by purchase 
or lease " 

" A78 Transfer land class VI by purchase 
or lease " 
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With the exception of wheat and rice,   crop activities are con- 

fined to class II and III lands.    Wheat and rice production are per- 

mitted on three soil types--class II,   III and V lands.    With the 

exception of rice,   each class of land,   in turn,   is treated with three 

levels of irrigation--high,   medium,   and low--and different amounts of 

fertilizer for each level.    The quantity of water consumed at each 

level and the amount of fertilizer applied for each treatment are shown 

in separate crop enterprise budgets (Appendix Tables 17 through 36). 

Rice is flood irrigated so has but one single water level requirement. 

Activities 1 through 3 specify fallow activities for land classes 

II,   III,   and V.     Land class VI,   because it cannot be irrigated by grav- 

ity is confined to dry farming of wheat and barley.    These crops, 

according to local practice,   need not be planted after fallow if they 

are planted in land class VI.    Irrigated wheat and barley,   as a 

common practice,   are planted only after fallow or sunflower,   while dry 

farming wheat and'barley are planted after fallow only if class II or 

III lands are used.    Land class V cannot be dryfarmed because of a 

salinity problem. 

Activities A4 through A10 show wheat cultivation in land class II 

and III with three levels of irrigation,   and in land class V with only 

one level of irrigation.    The salinity problem of land class V requires 

the high level of watering for flushing purposes. 
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Activities All through A13 specify wheat production under dry 

land conditions on land classes II,   III,   and VI.    Class II and class III 

land must be fallowed with activities Al and A2 before wheat is 

planted. 

Activities A14 through A19 specify irrigated barley production 

on class II and III lands and at three levels of irrigation.    Barley can 

not be planted on class V land because of its sensitivity to saline soil. 

Activities A20 through A22 permit dryland barley production on 

class II,   III,   and VI soils.    The method of cultivation and fallow 

rotation requirements of barley are similar to that of wheat. 

Activities A23 through A46 specify alfalfa,   cotton,   sunflower 

and sugarbeet production on class II and III lands with three different 

water levels. 

Alfalfa is planted with barley as a nurse crop.    After barley is 

harvested either in the form of hay or grain,   then alfalfa is produced 

under irrigation for an additional five years.    Six crops of alfalfa hay 

are assumed to be harvested annually over a 5-year period for a 

total of 30 harvests.    At the beginning of the sixth year,   in the fall, 

the alfalfa field will be plowed and prepared,   and then planted with 

barley.    This barley will be harvested,   most of the time,   in the form of 

green barley hay in the following spring.    Thereafter,   the land will 

be available for other crops.     Therefore,   a 6-year crop is estimated 
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for alfalfa in the enterprise budget tables from which the technical 

coefficients are derived and treated in the next section. 

Cotton and sugarbeet both are considered 2-year crops,   since 

they are always planted after fallow as a weed control measure. 

Activities A47 through A49 permit rice production on class II, 

III,   and V land.    The land is fallowed after rice,   thereby requiring 

two units of land for rice cultivation.    This requirement may be 

complementary to grain production which requires fallow to precede it. 

Activity A50 permits irrigation water to be purchased by each 

representative farm unit in any amount they wish from the irrigation 

project at a specified price per cubic meter.    No constraint is put on 

the water quantity on the assumption that the reservoir has enough 

water for all 70, 000 hectares of irrigable land.    This assumption was 

based on the information received from the DMP feasibility report 

3 
which indicated 467, 700, 000 m    annual release of water from the 

3 
reservoir.    This amounts to 6, 680 m    per hectare,   which is a good 

amount of water on the average cropping pattern. 

Activities A5 1 through A64   permit some buying to take place. 

A51 through A54 permit non-farmer hiring in each of the four seasons 

for all three representative farm units.    A5 5 through A58 permit 

dehqan farnners to be hired by C and D type farms in any season.    A59 

and A6o permit migrant labor hiring in seasons one and two for all 

three farm type units.    A6l through A64 allow farmers and family to 
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sell their labor to in-village employers (C and D type farms) in eaqh 

of the four seasons. 

Activity A65 permits farmers to spend money from their cash 

row (23) for family living demands. 

Activities A66 through A70 permit capital borrowing from 

different sources at different annual interest rates as identified in 

Chapter II. 

Activities A71 through A78 enable representative farm units, 

khordeh-malek (type C) and omdeh-malek (type D),   to transfer differ- 

ent types of their lands to each other within the village. 

Technical Coefficients 

Recognition of the direct relation between data accuracy and 

quality of programming solutions provided an important inducement to 

evaluate available sources of technical data very carefully. 

The Data Base 

Technical input-output relationships for both irrigated and dry* 

land crops in the Marv-Dasht plain were collected from five indepen- 

dent sources: 

1. Field experiments 

2. Feasibility report of D. M. P. 

3. Survey of 15 farmers in several selected villages 
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4. Survey of 10 villages 

5. Budgets from Battelle Northwest 

Data from each of the five sources were compared and evalu- 

ated,   both statistically and subjectively,   in the process of selecting 

those data which appeared  to be the most reptese?ita,tive of the project 

under current technological conditions. 

The field experiments were conducted in the Marv-Dasht plain 

from 1968 through 1971 as a joint project of the Soil Institute of Iran 

and the Food and Agricultural Organization of the United Nations 

(F. A. O. ).     The experiment involved replicated trials of selected 

seeding rates,  water levels and fertilizer applications on wheat, 

sugarbeets,  alfalfa,   cotton,   and sunflowers (Ministry of Agriculture, 

1968-1971).    The field data from experiments on each of the five crops 

are shown in Appendix Tables 1 through 12. 

Under contract by the Iranian Government a feasibility report 

of DMP (Daroodzan Multipurpose Project) was prepared by Justin 

Courtney and Taleghani Daftari,   consulting engineers,   and published 

January 1965.     The report was essentially a cost-rbenefit analysis for 

the D. M. P.   project.    Physical description of the project area, 

existing farming conditions,   and nornnative projections of agricultural 

development under irrigation were presented.    Point estimate of crop 

yield and water requirenaent specified for D. M. P.   are presented in 

Appendix Table 13. 
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The survey of 15 farmers in several selected villages in the 

D. M. P.   project area of the Marv-Dasht plain was conducted on a 

private basis by the Nov-Dasht Agricultural Company in 1972.    Crop 

budget data for each major crop being irrigated in the area were 

obtained from the 15 selected farmers.    The budget data included crop 

yield,   variable costs,   labor use,   water requirements,   field operation 

and crop rotation information on several land classes.    Questionnaire 

format used in the farm survey is shown in Appendix Tables 14 and 

15.    Data were obtained for wheat,   barley,   sugarbeets,   alfalfa,   sun- 

flowers,   cotton,   and rice.    Since records of the amount of water used 

in a cropping season for each crop were not kept by the farmers,   a 

special procedure was devised to obtain the needed information.    The 

farmer was asked two questions:    (1) how many hectares can you 

irrigate by flooding,   the common method,  with the rate of supply you 

are allocated in a 24-hour period,   and (2) what proportions of total 

monthly water allocation are used for each crop.    With the flood 

system of irrigation,   historical irrigation records indicate that a 

depth of 10 centimeters of water is applied per unit of land each time 

the land is flooded.    Therefore,   with farmer information specifying 

how many hectares can be irrigated in a 24-hour period provide an 

estimate of how many cubic meters of water is consumed in each 

village in a specific time period,   then the proportion of water allocated 

to each crop in each time period and knowledge of seasonal cropping 
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pattern,   permit annual consumption of water for each crop to be 

estimated. 

Some landlords with partly mechanized farms (khordeh-malek) 

and some landlords with mostly mechanized farms (omdeh-malek) 

were questioned.    They were requested to give data about their own 

farms and the dehquan farms as well.    This was done ginqe dehqans 

are suspicious and very reluctant to provide information of any sort 

to persons they do not know. 

This information received from landlords was considered 

adequate for the purpose of this study.    Landlords worked very 

closely with dehqans for the many years prior to the land reforna and 
o 

are aware of all agricultural activities and costs and yields associated 

with each crop enterprise in a village. 

The point estimate of water requirements and crop yield for 

major crops from the 15 farm survey is reported directly in Table 

3.7. 

The survey of 10 villages was conducted by the Pahlavi 

University Agricultural College,   Shiraz,   Fars,   in 1964.     The 10 

villages were located in the Marv-Dasht plain.    Village selection was 

based on variation in geographic location,  village size,   water 

resources,   soil class,   and crop production so as to present farming 

situations and resource use in the area.     The villages surveyed were 

Hessam-abad,   Jamal-abad,   Atabak,   Feiz-abad,   Mahmood-abad, 



Table 3. 7.    Comparison of Data for the Study Area from Five Sources. 

Yield (kg/ha) and water applied (mVha) 

Crops 
Land 
class 

Experimental data 
Water             Water 
(range) (range) 

Battelle3 

Water        Yield 

DMP project 
10 villages surveyed3 condition3 

Fifteen farmers survey0 

Water Yield Water        Yield 
B, C G D     B type 
water yield 

C type       D type 
yield yield 

Wheat, irrigated II 3,058- 
7,905 

1,585- 
5,425 7,060 1,270 

Wheat,  irrigated in 

Wheat, irrigated V 

Wheat, dryland Hi VI 550 

Barley,  irrigated ii 7,060 1,000 

Barley, irrigated in 

Barley, dryland n, VI 160 

Sugarbeets ii 6,260- 
28,290 

35,540- 
66,000 25,240 20,000 

Sugarbeets in 

Sunflower II 9,640- 
12, 950 

1,607- 
1,825 

Sunflower HI 

Alfalfa II 8, 730- 
42,800 

14,500- 
26,400 37,340 5,000 

Alfalfa m 

Rice II 14,900 1,800 

Rice in 

Rice V 

Cotton ii 6, 242- 
15,410 

1,219- 
2,188 29,840 1,269 

Cotton in 

Kitchen crop 10, 950 7,020 

ave. use 
of 9,061     900      1,743   2,500 

2,500 

770 

12,000 10,904       25,000 

6,537 

7,500 16,967 8,500 

1,100 13,450 2,500 

1,500 10,734 2,000 

7,200 8,908 8,500 

4,050 2,000 2,200 2,600 

4,050 1,140 1,250 1,300 

4,050 660 700 700 

550 550 700 

3,600 2,000 2,200 2,600 

3,600 1,140 1,250 1,300 

' 800 800 1,000 

12,400 18,000 18,000 25,000 

12,400 11,900 11,900 18,000 

8,800 1,000 1,000 1,500 

8,800 500 500 1,000 

21,000 7,500 7,500 8,500 

21,000 5,000 5,000 6,000 

15,000 2,500 2,500 - 
15,000 1,500 1,500 2,000 

15,000 - - 1,500 

9,000 1,500 

9,000 1,000 

1,500 2,000 

1,000 1,500 

Classes of land are not distinguished. 

Lands are classified according to their productivity. 
c 

B = past sharecroppers, new farmers, mostly traditional farming ( dehqan ) 
C = landlord, partly mechanized farm management (Idiordeh-malek) 
D = landlord, mostly mechanized farm management (omdeh-malek) 

00 
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Fatah-abad, Massoom-abad,   Olya,   Sfadroon,  and Ghale-Nov.    The 

point estimate of the average crop yield, and water requirements are 

shown in Table 3. 7. 

All detailed information about forms used,   questions asked,   and 

data obtained are shown in Annexure 1,   which is attached to Appendix 

B of the DMP feasibility report (Justin and Courtney,   1965).    A very 

brief presentation of these data is shown in Appendix Table 16. 

Battelle Northwest,   an American based consulting firm,   with 

regional office in Richland,   Washington,   conducted a comparative 

advantage analysis of several regions in Iran.    Fars was included as a 

region in that study.    Because the climate of Fars province is highly 

variable between locations,   much of the Battelle data could not be 

used direptly.    However,   the farm budget data by irrigated crops was 

used in cross checking data received from the 15 farm survey source, 

point estimate crop yield and water requirement level for each 

irrigated crop reported by Battelle is presented in Table 3. 7. 

Crop yield and water level data from each of the five sources 

are summarized in Table 3. 7.    These data  then were compared to 

determine which point estimate of input-output relationship between 

water level and yield appeared to be the most consistent.    The proce- 

dure in doing this involved comparison of each data source with 

results from the field experiments.    Field experiment data were 

used as the benchmark since they were perceived to be not only the 
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most accurate and reliable but also because they were the only data 

source which provided functional input^output relationships in water 

use instead of purely point estimates.    However,   it is generally well 

recognized that an upward bias in yield level exists with experimental 

data when compared with farm performance since conditions tend to 

be more controlled or idealized on experimental plots. 

Of the four farm data sources that,   from the 15 farmers 

surveyed was the most consistent,   both for water level and crop 

yield,   with the field experiment data.     Yield levels were consistently 

lower for the farm data as expected.    In addition,   data from the 15 

farmers were far more complete and accurate in terms of recogniz- 

ing different water yield relationships due to soil classes.    No visible 

bias in obtaining dehqan data from landlords was detected.    The 10 

village survey data differences in terms of water-yield relationships 

were the least useful since only a single average water level of 

9061 m   /hectare for all crops was generated.     The more general data 

from the 10 village survey proved highly useful in identifying initial 

factor endowments used in specifying both villages and farm unit 

models of this study.    The Battelle data appeared to be consistently 

conservative.    That is,   a definite pattern of high water requirements 

and low yield prevailed across all crops reported.    The DMP project 

data were just the opposite.    They were consistently optimistic,     That 

is,   a definite pattern of low water requirements and high yield 



81 

prevailed across all crops reported.    This can be a common bias in 

areas where strong political pressures are permitted to bear upon the 

outcome of feasibility studies attempting to justify water use for 

particular purposes. 

Derivations of Functional Forms 

The data from the field experiments were selected as the pri- 

mary data source.    They provided functional relationships between 

several water levels and resulting yields rather than just a single 

point estimate as the other four data sources provided.    Because the 

field trials were replicated and contained several water,   seed,   and 

fertilizer input levels,  a variety of functional mathematical forms 

were fitted to each set of annual data for each specific crop.    Each 

equation was tested statistically for goodness of fit over the period of 

experimentation and the equation giving the best fit was selected. 

Functional form for each crop was then compared with the point 

estimate generated from the 15 farmers surveyed.    In the case of 

each crop,   the functional form was adjusted downward by reducing the 

intercept term of the equation.    Derivation of functional forms for 

each crop is discussed separately below. 

Sugarbeets.    Eight functions were fitted to the sugarbeet data. 

Seven of them were significant to at least the . 05 level for annual 

results from three of the four years over which the experiment was 
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conducted.    The following linear form was selected: 

Y   =   24. 47 + . 00162W 

(6.774)      (4. 885)4 

R2   =   0. 923 

Fl,2   =   23-88 

This form was selected for two reasons:    (1) simplicity and (2) the 

water-yield relationships from the farm fell within the range of water- 

yield levels of the field experiments.     The intercept term was adjusted 

downward using class II and III soils for the different representative 

farm units as follows: 

(1)       Y =   4. 92 + . 00162W Class II land and 
"D" type farmer 

(2)       YmD       =    -2.08 + .00162W    Class III land,  D type farmer 
TT_ Class 11 land,   B and 

C type farmers 

(3)       YTTTT3   '•     =    -8. 18 + .00162W  Class III land,   Band 
IIIB, C 

C type farmers 

This extent of downward adjustment was done by comparing B,   C and 

D farm production from the 15 farmer survey.    Water level obtained 

from the farm was inserted in the equation before adjusting the inter- 

cepts. 

Wheat.    Of the functions fitted to the wheat data,   six were found 

to be significant at the . 0 5 level or higher.    The following quadratic 

(       )   =   t test. 
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form was selected as providing the best fit; 

Y   =   254. 4+7. 684N - 0. 0402N2 + 1. 278W 
(0. 8079)  (1.005)      (0. 835) (3. 928) 

0. 0000911W2 - 0. OQ0902NW 
(3.113) (1.079) 

R2   =   0.733 

F7,19   =   7-44 

To be comparable with results from the 15 farmer survey,  the inter- 

cept term was adjusted downward for "D" type farm units resulting 

in the following three equations,   one for each land class: 

(1)   Y      =   -778. 6 + 7. 684N + 1.278W - 0. 0402N2 

- 0. 0000911W2 - 0.000902NW 

(2)   Y        =   -2078. 6 + 7. 684N + 1.278W - 0.0402N2 

- 0. 000911W2 - 0. 000902NW 

(3)   Y        =   -2981. 6 + 7. 684N + 1.278W - 0.0402N2 

- 0. 000911W2 - 0.000902NW 

The intercept term of these three functions was adjusted downward 

by 15 and 23 percent respectively to represent C and B type farm 

units,     The percentage reduction was derived from the 15 farmer 

survey data. 
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Cotton.     The production function,   providing the best fit,   and 

hence the one,   significant at the . 05 level,   selected for cotton was: 

Y =   -6754. 6 + 1. 97W - O.OOOllW2 

(3. 979)   (4.501) (4. 004) 

R2   =   0. 897 

F2,9   =   39-49 

Intercept term adjustment for representation of farm type D on class 

II and III soils generated the following functions: 

(1) Y      =   -6819. 6 + 1. 97W - O.OOOHW2 

(2) Y        =   -7319. 6 + 1. 97W - 0.00011W2 

The intercept term of these two functions was adjusted downward 

by 25 percent for both B and C type farnas on class II land and by 33 

percent on class III land. 

Alfalfa.    The function selected for alfalfa was: 

Y ~   55. 75 + 0.0017W R2   ;=   0.75 

(2.95)       (1.75) _ 
Fl, 1   -    3 

The adjusted functions for different land class and farm unit types 

were: 

(1) Y =   2. 94 + 0. 0017W "D" type and land class II 

(2) Y =   -8. 42 + 0. 0017W "D" type and land class III 
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(3)   YTT_   _   =   -1. 6 + 0.0017W Band C type and land class II 
IIB, C 

(4)   YTTTT, =   -12. 97 + 0. 0017W    Band C type and land class 
UIB.C m 

The field experiment yields were calculated on the basis of 

unwilted hay yields,     because the yield figures received from the 

farm data sources were based on   dry alfalfa.    The conversion ratio 

of 0. 22 was used. 

Sunflower.    The selected function for this crop was: 

Y   =    1024. 3 + 0. 0593W 

(2.3) (1.5) 

R2   =   0. 69 

F =   2.29 

Adjusted on farm type D and land classes II and III,   the functions were 

as follows: 

(1)   Y =   978. 16 + 0.0593W 

(2)   YTTT^   =   478. 16 + 0.0593W 
HID 

The intercept term of these two functions was adjusted downward 

by 33 percent for both B and C type farms on class II land and 50 

5 
percent on class III land. 

5 
Although the functions fitted to the alfalfa and sunflower data were 
not significant at the . 10 level,   they were employed in the model as 
the best available approximate measurements. 
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Rice.    No field experiment data were available for rice.    Because 

rice cultivation is practised by flood irrigationmethod,   only a single 

level of irrigation was used in the model.    Data from the 15 farmers 

were used directly as the representative input-output coefficients for 

rice. 

Barley.    No field experiment data were available for barley. 

It was assumed,   based on data comparisons from Table 3, 7,   to use 

the input-output coefficients derived for wheat as an appropriate 

proxy,   with water and yield levels adjusted according to the relative 

levels shown in Table 3, 7 from the 15 sample farms. 

The input-output relationships derived in the section were 

transferred to the model at three discrete water-yield levels--low, 

medium and high.    A summary of the water-yield levels by crop and 

soil class which were listed in the model are shown in Table 3, 8. 

Data for Resources Other than Water 

Production input requirements for production resources other 

than water were obtained directly from the four farm data sources 

and adjusted.     These data are presented in farm budget form in 

Appendix Tables 17 through 36.    A farm budget is prepared for each 

crop produced by each farm type (B,   C,   and D) on each class of land. 

The water level and yield for each crop shown in the budget was 

derived from the previous section.    Gross income is derived from the 



3     3 
Table 3,8.   A Summary of Water-Yield Level by Crop and Soil Class Employed in the Model (yield in kg/ha and water applied in 10   m /ha) 

Land 
class 

Water-Yield Level (W-Y) 
Crop B Type CTyoe DTyne 

w Y W Y W Y W Y W Y W Y W Y W Y W Y 

Wheat U 4.05 2,000 3.45 1,680 3.OS 1,420 4.05 2,200 3.45 1,875 3.05 1,625 4.05 2,600 3.45 2,275 3.05 2,025 

Wheat m 4.OS 1,100 3.45 975 3.05 725 4.05 1,200 3.4S 1,075 3.05 825 4.05 1,300 3.45 1,175 3.05 925 

Wheat V 3.45 660 3.45 700 3.45 750 

Barley n 3.6 2,000 2.6 1,680 1.6 1,420 3.6 2,200 2.6 1,875 1.6 725 3.6 2,60) 2.6 2,275 1.6 2,025 

Barley m 3.6 1,100 2.6 97S 1.6 72S 3.6 1,100 2.6 975 1.6 725 3.6 1,300 2.6 1,175 1.6 925 

Alfalfa n 21 7,500 16 5,632 12 4, 136 21 7,500 16 5,632 12 4,136 3.6 8,500 2.6 6,630 1.6 5,334 

Alfalfa HI 21 5,000 16 3,130 12 1,635 21 5,000 16 3,130 12 1,635 3.6 6,000 2.6 4,130 1.6 2,636 

Cotton n 9 1,500 7.3 1,200 6.2 670 9 1,500 7.3 1,200 6.2 670 9 2,000 7.3 1,700 6.2 1,170 

Cotton m 9 1,000 7.3 700 6.2 166 9 1,000 7.3 700 6.2 166 9 1,500 7.3 1,200 6.2 670 

Sunflower n 8.8 1,000 7 895 5 775 8.8 1,000 7 895 5 77S 8.8 1,500 7 1,400 5 1,280 

Sunflower m 8.8 500 7 39S 5 22S 8.8 500 7 39S S 275 8.8 1,000 7 895 5 775 

Sugarbeet n 12.4 18,000 10 14,120 8 10,880 12.4 18,000 10 14,120 8 10,880 12.4 25,000 10 21,120 8 17,880 

Sugaibeet m 12.4 11,900 10 8,020 8 4,780 12.4 11,900 10 8,020 8 4,780 12.4 18,000 10 14, 120 8 10,880 

Rice u 15 2,500 15 2, SCO 

Rice m 15 1,500 15 1,500 15 2,000 

Rice V 15 1,500 

00 
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price specified in the following section multiplied by yield.    Net 

income represents the gross income minus total variable cost per 

hectare.    This represents the net return over production cost for 

each budget. 

The labor requirement for each season was obtained by adjusting 

the labor data from both Battelle Northwest and the 15 farmers1 

survey.    These were adjusted where appropriate to account for 

different yield levels in cases such as irrigation and harvest where 

water and yield levels directly influence labor requirements. 

The fertilizer input is expressed both in terms of kilograms of 
o 

nitrogen and phosphorus and rials of total fertilizer cost.    The ferti- 

lizer input levels were obtained from the 15 farmer survey and the 

Battelle Northwest data and adjusted for land class and yield levels. 

Machinery and transportation cost are combined in the budget. 

Transportation was calculated as a constant per unit of product 

hauled.    Machinery costs were based on custom machine rates and 

machine use levels reported from the 15 farmer survey.    Machine 

custom rates,   field activities,   and machine cost per crop are 

identified in the following section on price and cost. 

Prices and Costs 

Crop prices with exception of cotton,   sugarbeet,   and sunflower, 

and factor costs for farm labor and fertilizer used in the model were 
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prepared as point estimates from an 11 year farm price series of 

the Marv-Dasht plain kept by the Nov-Dasht Agricultural Company 

which conducted the 15 farmers' survey.     The time series was kept 

for the period from 1342  (1963) through 1352 (1973) on farm labor, 

fertilizer and five crops,    These prices are reported in Table 3. 9. 

Regression analysis was employed to estimate prices for 1353 

(1974).     These estimated 1353 prices were used in t;he model,    The 

price series are shown in graphic form in Figures 3. 1,   3. 2,   and 

3. 3 with the projected price used in the model also shown. 

A time series data for farm price of cotton was obtained from a 

local cotton merchant.    The price of sugarbeet and sunflower--!. 36 

rials per kilogram and 13. 5 rials per kilogram respectively--used 

in the model were obtained from sugar factory and oil seed com- 

panies,   two exclusive purchasers of these two crops. 

Considering a sugarbeet factory loaned 1,000 rials per hectare 

to the growers without interest,   and realizing that capital is an 

important input in agricultural activities of the area,   the equivalent 

interest rate that each type of farmer-^dehqan,   landlord with partly 

mechanized farm,  and landlord with mostly mechanized farm--in the 

area would have paid for such a loan was considered as a subsidy to 

the sugarbeet growers and added to their net income in the farm 

budget forms (Appendix Tables 33 through 35). 



Table 3. 9.    Seasonal Labor Wage, Fertilizer Cost,  and Crop Ptice Data, 1341-1351 

Year 
(Iranian) 

Seasonal average price 
 (rials/ man-days)  
Native agricultural labor 

Annual average price (rials/tologram) 

1st 2nd 3rd 4th 

Fertilizer Crops 

Urea 
Super 

phosphate 
Ammonium 

phosphate 
Wheat Barley Rice 

Alfalfa 
hay 

Cotton 

10 12 11 6 4.5 9 1.5 - 

10 12 11 6.6 4.5 9.6 1.8 12.25 

10 12 11 6 4.2 10.5 2 12.25 

10.5 11 13.25 8.7 4.1 11.1 2 14.25 

10.5 11 13.5 7.2 4.5 12 2.2 13.25 

10 10.5 12 5.4 3.9 12.6 2.5 14.5 

9 10 12 5.1 3.9 13.5 3 12.5 

9 9 10 4.8 3.3 13.5 3.5 13.75 

8.5 10 9.5 7.8 5.4 14.1 5 17.75 

9 10 10 8.7 6.6 14.1 5.5 20.5 

10 11 12 7.2 4.5 15 3.5 29.25 

1342 

1343 

1344 

134S 

1346 

1347 

1348 

1349 

1350 

1351 

1352 

45 

45 

50 

50 

55 

60 

65 

70 

70 

70 

80 

50 

50 

55 

55 

60 

70 

75 

80 

80 

80 

90 

45 40 

45 40 

50 45 

50 50 

55 50 

65 55 

65 60 

70 60 

70 60 

70 60 

80 70 

Predicted for 
year 1353 G 
used in 
model 81 92.8 81.5        70.3 

Standard 
deviation     11.83 14.21 11.93        9.5 

8.97 

0.68 

9.46 

0.98 

10.76 

1.30 

7.22 5.03 

1.36 0.87 

15.82 

1.99 

5.0 

1.31 

23.62 

5.34 

Data from Nov-Dasht Agricultural Company, Shiraz., Iran. 

O 
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Figure 3.1.   Profile of average cost per kilogram of urea, super phosphate, and ammoqium 
phosphate to farmers in the Marv-Dasht area (1963-73). 
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Figure 3. 2.   Profile of average price per kilogram of wheat, barley, rice,  alfalfa, and cotton 
received by farmers in the Marv-Dasht area (1963-1973). 
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Figure 3. 3.    Profile of average wages per man-day of agricultural laborers prevalent in the 
Marv-Dasht area for four seasons (1963-1973). 
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Migrant labor wages were included in the model at 5 per cent 

less than the 81 and 93 rials per man-day specified for local farm 

labor.    Land rental charge was used in the model for each class of 

land per hectare per year is listed as follows:    class II land 4, 000 

rials,   class II land 2, 500 rials,   class V land 1,000 rials,   and class 

VI land 500 rials. 

Farm machine costs were calculated on a custom basis. 

Machine costs for each field activity in each representative farm unit 

were obtained from a report prepared by the Agricultural Engineering 

section of the Agricultural Department in Shiraz,   Fars,   1972.     The 

custom charge for each field activity is reported in Table 3. 10 while 

total machine cost by field activity and management unit is shown in 

Table 3. 11.    The summary of machine cost in turn is reported in each 

crop budget (Appendix Tables 17 through 36). 

Farm chemical costs,   transportation costs and seed costs were 

obtained from the 15 farmers running on a lump sum basis and 

reported in the farm budget as such. 

Three water price levels were used in the model.    They are: 

3 
1.      0. 05 rials /m 

3 
2..     0. 2 rials /m 

3 
3.      0. 35 rials /m 

The . 05 level has been expressed as the amount which farmers want 

to pay.     The . 35 level is what the D. M. P.   project has requested that 
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Table 3. 10. 

Machine 

Custom Operation Cost of Various Farm Machine 
Activities Prevalent in Shiraz,   and Marv-Dasht,   Fars, 
1972.a 

Activity 
Cost per hectare 
 (rials) 

55 HP Crawler 

55 HP Wheel 

55 HP Wheel 

55 HP Crawler 

55 HP Wheel 

55 HP Wheel 

55 HP Crawler 

55 HP Wheel 

35 HP Wheel 

35-55 HP Wheel 

55 HP Wheel 

25 HP Wheel 

25-35 HP Wheel 

Combine 

35-55 HP Wheel 

Combine 
( self-propelled) 

25-35 HP Wheel 

25 HP Wheel 

35 HP Wheel 

Deep plow 

Plow 

Cultivator 

Heavy land leveling 

Light land leveling 

Disc plowing 

Bordering and ditching 

Bordering and ditching 

Discing 

Seed drilling 

Row planting 

Chemical spraying 

Fertilizing 

Harvesting wheat & barley 

Threshing wheat & 
barley with disc 

Stand threshing & 
cleaning grain 

Mowing 

Raking 

Baling 

500 

370 

250 

250 

150 

250 

200 

150 

170 

250 

450 

250 

250 

15-20% of yield 

3% of yield 

5% of yield 

250 

150 

350 

From the Agricultural Engineering section of the Agricultural 
Department in Shiraz,   Fars. 



Table 3.11. Cost (in rials) of Machine Work for Different Crops under Different Managements (per hectare) . 

Wheat and barley                            Alfalfa                                       Sugarbeets Sunflower Cotton Rice 
Activity 

BCD                  BCD                     BC D B            C D B C D B C D 

Plowing 

Moldboard plow 

Offset disc 

Cultivator 

b b 
300        300 

250 

370 370 370 370        370 370 

250 250 

370        370 370 370        370 370 370 370 ' 370 

300 300 300 

250 250 

Leveling 

Heavy 

Light 

Discing 

Fertilizing (broadcast) 

Seed planting 

Ditching and bordering 

Chemical spraying 

Subtotal 

Mowing 

Raking 

Baling 

Plow (deep) to turn 

alfalfa field 

Offset disc 

Discing 

Leveling 

Seed drilling 

Ditching and bordering 

Combine 

(self-propelled) 

Threshing (with disc) 

Combine (stand 

threshing and cleaning 

grain) 

170 

300       470 

170 

100 

250 

200 

Class II 

Class III 

Percentage of yield 

15% 15% 

16% 16% 

3% 3% 3% 

170 170 170 

100 

450 

160C 160° 200 

700 700 1,540 

250 

150 

350 

500 500 500 

300 300 300 

170 170 

250 

250 

200 

100 

150 

170 

100 

450 

100 

1,000 

(4 times) 

170 

100 

150 

170 

100 

450 

100 

250 

150 

170 

100 

450 

100 

1,000. 

(4 times) 

890 370       640        1, 590 370 890 2,590 

100 

770 

200 

5% 

B = past sharecroppers, new farmers (dehqan),  mostly traditional farming; C = landlord, partly mechanized farm management (khordeh-malek); D = landlord, mostly mechanized farm management 

(omdeh-malek). 

b„ 
Dry farming 

c 
Oxen employed 
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they be permitted to charge to farmers.    The mid-point,   . 2 rial, 

was selected arbitrarily. 

A miscellaneous cost component is added to each farm budget to 

account for general overhead requirements provided by villagers who 

help farmers with carpentry,   blacksmithing,   etc. 

The Empirical Model 

Farm Unit Level 

Each of the three different types of management--traditional, 

partly mechanized,   and mostly mechanized--in the village,   was 

assumed to be an independent production unit.    A separate program- 

ming model was constructed for each production unit.    Total water 

consumed,   cropping patterns,   and income levels of that particular 

production unit were computed under the optimizing criteria and 

selected water pricing schemes. 

The nature of competition among the production units for scarce 

resources in the village and the opportunity cost for dehqans whose 

excess labor may not have been purchased have an important implica- 

tion.     These postulates led to the following hypothesis: 

There are three apparently different independent production 

units; dehqan,   khordeh-malek,   and omdeh-malek in the representa- 

tive village.     But in reality,   these units appear to be interdependent 
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in their resource requirement.    The behavior of one unit can have a 

significant effect on the decision of each of the other units.    This 

interaction can be visualized in Figure 3. 4 where all of the possible 

combinations of common resources and types of management in a 

representative village are illustrated.    This interaction indicates the 

necessity of building an aggregate model. 

Village (Aggregate) Model 

The aggregate model includes all three types of farming 

(dehqan,   khordeh-malek and omdeh-malek) in the village,   and permits 

resource use interactions among different managers in the village to 

be considered and evaluated simultaneously in the computing process. 

The interaction effects are included in this model by adding 

additional equations to the individual simple progranaming models, 

representing village constraints. 

Total village constraints were represented by equations com- 

mon to all managers in the village (Table 3. 5).    The simple models-- 

models related to each representative unit--were used as sub- 

matrices with the village constraints to build the empirical aggregate 

programming model. 

The model for analyzing the cropping pattern and farm income 

of three different groups of farming community,   separately and in 

aggregate,   in response to irrigation water price was given empirical 
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Figure 3.4.    Possibility of transfer between production units. 
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content by developing three sets of data for the study area: 

(1) representative unit constraints and village constraints,   (2) rep- 

resentative unit activities and their technical coefficients,   and 

(3) prices and costs.     The aggregate model consists of 74 rows by 

278 columns and 1,406 non-zero elements.    A schematic outline of 

the model is shown in Figure 3. 5. 

The aggregate programming model refers to the entire repre- 

sentative village, but is composed of individual sub-models for each 

of the representative farms with different managerial behavior. 

The aggregate model,  briefly,   consists of the following 

elements: 

1. One representative village in which there are three types of 

decision organization:    B type,   C type,   and D type (see Figure 

3. 5).    One decisive organization belongs to dehqans (B),   another 

belongs to the landlords with partly mechanized farms, 

khordeh-malek (C),   and the third belongs to the landlords with 

mostly mechanized farms,   omdeh-malek (D).    Each type of 

management has its own unique set of technical coefficients 

(a./s)    and beginning resources (b     ,   b.^,   b     ). 
ij iB       i*—       iD 

2. Four farmers' seasonal labor transfer constraints requiring 

that dehqans sell their excess labor only in the village,   and 

landlords hiring these laborers as long as they are available 

regardless of their wage rate which is 5 per cent higher than 
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maximum alfalfa 

Figure 3. 5.    Schematic aggregate model outline. 
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migrant laborers'.    Landlords will hire other farm laborers 

only if all dehqans' labor is used. 

3. The village resident labor constraints permit the non-farmer 

resident laborers in each village to transfer to any representa- 

tive farm in the village.    Two other village constraints permit 

all production units to hire migrant labor if they wish. 

4. The village land transfer constraints require that any land sold 

within the village is also purchased within the village,   and 

vice versa. 

5. To prevent the effect of pecuniary external diseconomy,   a 

village maximum constraint is assigned to the production of 

alfalfa.    This is done after recognition that although alfalfa hay 

is the most profitable enterprise in the area,   it still does not 

occupy more than 0. 1 per cent of the cultivated land of the 

surveyed village. 

6. Water is also an area constraint, permitting all production 

units in the model to purchase their needs from one source. 

Analysis of the empirical results,   discussion of major findings, 

and suggestions for future research will be presented in the next 

chapter. 
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IV,   ANALYSIS OF THE EMPIRICAL MODELS,   CONCLUSIONS 
AND RECOMMENDATIONS 

This chapter is divided into seven sections.    The first section 

describes the effects of water price changes on each production unit at 

the farm level,   without inter-farm effects.    The second section 

presents the effects of water price changes on each production unit 

considering the interaction effects between farms at the village level. 

Sensitivity analysis is the subject of the third section.     The fourth 

section describes some by-products of the analysis.    The fifth section 

presents validation of the model.     The sixth section presents 

recommendations for further study.    The final section presents 

summary and concluding remarks. 

Effects of Water Price Changes 
at the Farm Level 

In the first simple models,   each of the three different types of 

management was treated as an independent production unit with its 

own profit objective function.    Cropping patterns,   income levels,   and 

total water consumed by each production unit--B,   C,   and D types-- 

were computed under the optimizing criteria and selected water 

pricing schemes. 

The results obtained from these simple models shown in 

Table 4. 1 indicate that the range of water price used in the Study, 



Table 4.1.   The Effect of Water Price Change on Cropping Patterns and Income Level of Types of Management (results of three independent 
simple models,. in hectares). 

Water Price: - Rials 0.35/: tn* - Rials 0.2/mi - Rials d.0£/m* 

Type of Management: B C D B C D B C D 

Cropping pattern and land use 
Fallow 46 155 155 46 155 155 46 155 155 
Wheat irrigated at medium level 

on land Class V 30 30 30 
Wheat irrigated at high: level 

on land Class 11 46 46 46 
Barley dry on land Class VI 28 28 28 28 28 28 
Rice on land Class 11 11 88 11 88 11 88 

Class III 37 37 37 37 
Class V 30 30 30 

Alfalfa at high water level 
on land Class 11 6 9 9 6 9 9 6 9 9    . 

Cotton at high water level 
on land Class n 88 88 88 

Class III 37 37 
Idle land 353 353 353 

Total land cultivated 109 347 347 109 347 347 109 347 347 
Percent of land idle 76 76 76 

Labor employment (man-days) 
Number of farmers labor 

employed/ season 
1st season 5, 100 5, 100 5, 100 
2nd season 8, 931 8, 931 8 ,931 
3rd season 8, 473 2,200 3,051 8, 473 2,200 3,051 8, 473 2,200 2,718 
4th season 3, 375 41 11 3, 375 41 11 3, 375 41 11 

Percent of farmers labor: A 

self-employed 6 6 6 
sold 94 94 94 

(Continued on next page) o 



Table 4.1.   (Continued) 

Water Price: Rials 0 .SS/nT Rials 0.2/m0 

Type of Managements'   B 
Rials 0.05/m3 

Number of kHosh-neshin labor 
employed/season 

Number of migrant labor 
employed/season 
1st season 
2nd season 

Percent of total labor force 
employed/year 

3 
Capital (rials 10 ) 

Total credit used 
Percent of credit borrowed 

used for farming 
used for living 

Water (103 m3) 
Total water consumed 

Net family income (rials 10 ) 
from farming 
off-farm employment 
per hectare from land owned 

6.3 

2,217   3,857 
314     603 

6.8 11 

460 2,150 1,700 

770 3,200 4,100 
2,060 

1.7 9.3 11.8 

2,217   3,857 
314     603 

6.3 6.8 11 

460 2, 150 1,700 

840 3,550 4,360 
2,060 
1.80 10.3 12.5 

2,217   3,709 
314     492 

6.3    6.8 10 

1,570 700 1,400 1,570 700 1,400 1,570 700 1,330 
100 3.5 4.8 100 3.5 4.8 100 3.5 4.5 
210 700 1,400 210 700 1,400 210 700 1,330 

1,360 1,360 1,360 

460 2, 150 1,950 

910 3,870 4,600 
2,060 

2 11.2 13.3 

o 
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3 
0. 05 to 0. 35 rials /m  ,   did not affect cropping patterns and l§vel of 

water consumed for each of the production units significantly.    The 

difference in farm income was due to differences in the water price. 

The cropping pattern and other effects shown on each type farm are as 

follows:' 

Dehqans.    The dehqans on class II land planted 46 hectares of 

wheat at a high water level and 11 hectares of rice.    They also kept 

35 hectares of class 11 land fallow.    This 35 hectares of fallow land, 

and an additional 11 hectares of fallow land obtained from rice 

cultivation provided the necessary fallow land for the following year's 

wheat cultivation. 

The dehqans cultivated 24 per cent of their land,   used only 6 

per cent of their labor on their own land and sold the remaining 94 

per cent of their labor.    No unemployment was observed,  but 76 per. 

cent of the dehqans1 land was left idle.     This raised the question of 

how the dehqans would react if there was a limited market for their 

excess labor.     This issue is treated in the aggregate village model 

where dehqans could hire out their labor only if in-village employers 

were willing to buy it.    Dehqans utilized 100 per cent of their avail- 

3 
able credit,   and consumed a total of 460, 000 m    of irrigation water 

per year. 

The dehqans1 net income from direct farming averaged 840, 000 

rials,   which is  1, 800 rials per hectare land owned, 
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Khordeh-malek.    Landlord type .C with partly mechanized farm 

raised 30 hectares irrigated wheat at a medium water level on class 

V land,   28 hectares barley on class VI dry land,   88 hectares rice on 

class II land and also 37 hectares rice on class III land.    They planted 

9 hectares alfalfa at a high level of irrigation on class II land and kept 

155 hectares of class II,   III,   and V land fallow,   88 hectares,   37 

hectares and 30 hectares,   respectively. 

Type C landlords utilized all their land and 3, 5 per cent of their 

3 
available credit.    They consumed a total of 2, 150, 000 m    of irrigation 

water per year.    Their net income from farming averaged 9, 300 to 

11,200 rials per hectare.    They hired 6. 8 per cent of total labor 

force which came from dehqans and migrant sources. 

Omdeh-malek.    Landlords type D had the following response. 

They planted 28 hectares barley on class VI dry land,   30 hectares rice 

on class V land,   9 hectares alfalfa at high water level on class H 

land,   88 hectares cotton at high water level on class II land,   and also 

37 hectares cotton at high water level on class III land.    They kept 

155 hectares of class II,   III and V land fallow,   88,   37,   and 30 hectares 

respectively. 

This type of farmer utilized all their land and also.4. 8 per cent 

of their available credit.    Their water consumption per year was 

3 
1, 700, 000 m .    Their net farm income per hectare averaged 11, 800 

to 13, 300 rials.    They hired 10 to 11 per cent of total labor force, 
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These laborers carne from dehqans as well as from migrant sources. 

The only difference appeared in the reaction of omdeh-maleks in 

response to water price changes,   as follows.    Omdeh-maleks in 

response to water price changes from 0. 2 rials to 0. 05 rials per 

cubic meter changed their cropping pattern slightly.    On class III land 

they raised rice instead of cotton.    Consequently,   they consumed 

3 
250, 000 m    more water and their income raised,   respectively. 

This  caused them to hire less labor (from 11 per cent of total labor 

force to 10 per cent) and borrow less money--from 4. 8 per cent of 

their available credit to 4. 5 per cent. 

Under all three water price schemes,   each of the production 

units was interested in hiring migrant labor.    Therefore,   the nature 

of connpetition among the farms for migrant labor and the opportunity 

cost for farmers whose labor may not all be purchased came into the 

picture. 

Effects of Water Price Changes 
at the Village Level 

The results of the first run aggregate model are shown in 

Table 4. 2.     Types C and D farmers are weighted equally in terms of 

land distribution in this first run model.     The amount of migrant 

labor was kept constant at 10,000 man-days per season.    The aggre- 

gate model was computed under village maximizing criteria and three 

water prices were selected. 



Table 4.2.   Effects of Water Price Change on Cropping Pattern and Income Level of Types of Management with Interaction Effects. 
(C type and D type weight are equal, Migrant labor is assumed 10,000 man-days/season) 

Water prices Rials 0.35/m3 Rials O.^n3 Rials 0.0$/n3 

Type of manazement: B C D B C D B C D 

Cropping pattern and land use 
Fallow 55 311 55 311 55 311 
Wheat irrigated at medium level 

on land Class 11 55 55 55 
Barley dry on land Class 
Rice on land Class II 15 

56 
15 

56 
15 

56 

Rice on land Class 60 60 60 
Alfalfa, high water on land class n 
Cotton at high water level 

on land Class II 

16 

177 

16 

177 

16 

177 
Class HI 74 74 74 

Transferred land -331 +331 -331 +331 -331 +331 
Idle land 337 337 337 
Total land cultivated 125 16 678 125 16 678 125 16 678 
Percent of land idle 73 73 73 

Labor employment (man-days) 
Number of farmers labor 

employed/season 
1st season 
2nd season 
3rd season 
4th season 

Number of khosh-neshin labor 
e mployed/ se ason 

Number of migrant labor 
employed/ season 
1st season 
2nd season 

(Continued on next page) 

342 - 4,758 342 - 4,758 342 219 4,539 
851 413 1,064 851 413 1,064 851 413 1,064 
687 147 6,036 687 147 6,036 687 147 6,036 
27 9 11 27 9 11 27 9 11 

219 2,878 219 2,878 3,097 

o 



Table 4.2.   (Continued) 

Riabs0.35/n3 Water price: 
Type of management: 

Rials 0.2/m3 Rials 0.05/n3 

D 

Percent of total labor force 
em ployed/ year 

Capital (rials 103) 
Total credit used. 
Percent of credit borrowed 

used for farming 
for living 

3     3 
Water (10   m ) 

Total water consumed 

3.73 

420 

1.13 21.14 

290 3,160 

2.73 1.13 21.14 

420 290 3,160 

2.73        1.13 

420 

21.14 

1,570 48 2,700 1,570 4& 2,700 1,570 48 2,700 
100 0.24 a.2 100 0.24 9.2 100 0.24 9.2 
210 48 2,700 210 48 2,700 210 48 2,700 

1,360 1,360 1,360 

290 3,160 

Net family income (rials 10 ) 
from farming 
off-farm employment or land lease 
per hectare from farm land owned 

780 ,355 6,800 840 . 395 7,300 900 .435 7,780 
1,030 935 - 1,030 935 - 1,030 935 - 

1.7 3.7 20 1.8 3.8 21 2 4 22 
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The results from the aggregate model indicate the important 

interaction effects among different production units which were not 

apparent in the individual models (Table 4. 1). 

Under the three different water price schern.es,   the cropping 

pattern and total water consumed did not change for any of the three 

types of management considerably.    The only difference in farm 

income for a specific farm type was due to differences in the water 

price.     The major effects on each type farm are as follows: 

Dehqans.    The dehqans on class II land planted 55 hectares of 

wheat at a medium water level and 15 hectares of rice.    They also 

kept 40 hectares of land fallow.    This 40 hectares of fallow land,   and 

an additional 15 hectares of fallow land obtained frona rice cultivation, 

provided the necessary fallow land for the following year's wheat 

cultivation. 

The aggregate model indicates that dehqans would leave 73 per 

cent of their land idle as compared to 76 per cent with the simple 

model.     The rationale for this difference in behavior of the dehqans 

was that they could not sell all their labor in the aggregate model, 

Therefore,   confronted with no opportunity cost,   they turned to farming 

some more of their idle lands.    This was their second choice or,   in 

fact,   the only alternative. 

Dehqans   divided their available labor time in the following way: 

7. 4 per cent was used on their own farms,   48 per cent was sold,   and 

the remainder,   44. 6 per cent,   left idle. 



112 

Dehqans utilized 100 per cent of their available credit,   and con- 

3 
sumed a total of 420, 000 m    of irrigation water per year. 

The dehqans1 net income from direct agricultural enterprise 

averaged 1, 800 rials per hectare land owned. 

Khordeh-malek.    Landlord type C with partly mechanized farms 

also showed a difference in response between the aggregate and simple 

models.    According to the aggregate model,   cropping patterns of the 

khordeh-malek indicate that they raised only 16 hectares of alfalfa on 

class II land at a high level of irrigation,   and they leased the 

remainder of their land to landlord type D.    The simple model shows 

that they cultivated the entire 347 hectares of land that they owned. 

The rationale for this difference in their behavior is that it is 

more profitable for type C farmers to lease their land at the given 

rent rather than to farm it.     They did not have the opportunity to lease 

their land on the farm level model.    Farming,   in fact,   was the best 

alternative for their land and capital. 

This type of management, in the aggregate model, hired only 

1. 13 per cent of the total labor force compared to the simple model 

in which they hired 6. 8 per cent of the total labor force available to 

them. 

These farmers in the village level model utilized only 0. 24 

per cent of their total credit; the rest was left idle,   compared to 3. 5 

per cent of their credit that they utilized in the simple model. 
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Total irrigation water consumed in the aggregate models was 

3 3 
3, 870, 000 m    per year compared to 4, 310, 000 m    in the farm level 

model. 

Their net income from farm averaged 1, 330,000 rials (395,000 

rials from farming and 935, 000 rials from rent) compared to 

3, 550,000 rials  (all from farming) obtained in the simple model, 

This happened because in the aggregate model,   competition between 

them and the more advanced mechanized farms (type D) did not permit 

type C farmers to take advantage of the available labor.    The MVP of 

the farm labor on the type D farms was higher than that of type C 

farm.     Therefore,   resources transferred to a more efficient alloca- 

tion and type D farms absorbed more laborers than type C. 

Omdeh-malek.    The response of landlord type D with mostly 

mechanized farms to the aggregate model was not very different from 

their response in the simple model because they predominated other 

firms  in the industry (village).    Their cropping pattern consisted of 

56 hectares of barley on dry land class VI,   60 hectares of rice on 

class V land,   177 hectares of cotton on class II land at a high level 

of irrigation,   and 74 hectares of cotton on land class III at a high level 

of irrigation.    They leased 331 hectares of land from landlord type C. 

Type D farmers hired 21. 14 per cent of the total labor force in 

the village, Considering the village ogjective function, which was to 

maximize the total village income subjected to the interaction effects 
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between different farm units within the village,   the model forced D 

and also C type farmers to give a priority to hiring dehqans1 laborers 

as long as they are available regardless of their wage rate which was 

5 per cent higher than migrant laborers.    Landlords hired other farm 

laborers only when all dehqans' labor was used. 

They utilized only 9. 2 per cent of their total credit.    They used 

3 
3, 160, 000 m    of water in their agricultural enterprises,  and their 

average net income of cultivated land was 7, 300, 000 rials compared 

with 4, 360,000 rials obtained in the simple model.    The reason for 

the increased income in the aggregate model was the opportunity to 

rent land. 

Effects of Changing Weights of 
Farm Types C and D 

All coefficients of the model were kept constant and the weights 

of farm types C and D were changed.    Two extreme weights of land 

endowment were used in the model.    One extreme was 25 per cent of 

the landlords to be khordeh-malek and 75 per cent of them to be 

omdeh-malek.    The other extreme was specified to have 75 per cent 

khordeh-malek and 25 per cent omdeh-malek. 

Under the assumption of these two different weights of land 

between types of landlords,   Tables 4. 3 and 4. 4 present the effects of 

water price changes on cropping pattern,   farm income,   and water 

consumed by each production unit. 



Table 4.3 .   The Effects of Water Price Change on Cropping Pattern and Income Level of Types of Management with Interaction Effects. 
(C type 75% and D type 25% weight considered; migrant labor is assumed 10,000 man-days/season) 

Water Price: Rials 0.35/m3 Rials 0.2/m3 Rials 0.05/m3 

Type of Management: B C D B C D B C D 

Croppinss pattern and land use 
Fallow 55 311 55 311 55 311 
Wheat irrigated at medium level 

on land Class II 55 55 55 
Barley dry on land Class VI 56 56 56 
Rice on land Class II 15 15 15 

Class V 60 60 60 
Alfalfa, high water, land class II 16 16 16 
Cotton at high water level 

on land Class n 177 177 177 
Class UI 74 74 74 

Transferred land -504 +504 -504 +504 -504 +504 
Idle land 337 337 337 
Total land cultivated 125 16 678 125 16 678 125 16 678 
Percent of land idle 73 - - 73 - - 73 - - 

Labor emoloyment (man-days) 
Number of farmers labor 

employed /season 
1st season 
2nd season 
3rd season 
4th season 

Number of khosh-neshin labor 
employed/season 

Number of migrant labor 
employed/season 
1st season 
2nd season 

342 - 4,758 342 - 4,758 342 219 4,539 
851 413 1,064 851 413 1,064 851 413 1,064 
687 147 6,036 687 147 6,036 687 147 6,036 
27 9 11 27 9 11 27 9 11 

219        2,878 219        2,878 3,097 

(Continued on next page) 



Table 4.3.   (Contmued) 

Water price: 
Type of management; 

Rials 0.35/m3 Rials 0.2/m3 Rials 0 .05/m3 

Percent of total labor force 
employed/year 2.73 1.13 21.14 2.73 1.13 21.14 2.73 1.13 21.14 

Capital (rials 10 ) 

Total credit used 
Percent of credit borrowed 

used for farming 
for living 

WaterTlO3 m3) 
Total water consumed 

1,570 48 2^,700 1,570 48 2,700 1,570 48 2,700 
100 0.24 9.2 100 0.24 9.2 100 0.24 9.2 
210 48 2,700 210 48 2,700 210 48 2,700 

1,360 1,360 1,360 

420 290 3,160 420 290 3,160 420 290 3,160 

Net family income (rials 10 ) 
from farming 
off-farm employment or land lease 
per hectare from farm land owned 

780 ,350 6,320 
1,030 1,430 

1.7 3.4 36 

840 ,400 6,800 
1,030 1,430 

1.8 3.5 39 

900        ,440 7,500 
1,030       1,430 

2 3.6 43 

o 



Table 4.4.   The Effects of Water Price Change on Cropping Pattern and Income Level of Types of Management with Interaction Effects. 
(C type 25% and D type 75% weight considered,  migrant labor is assumed 10,000 man-days/season) 

Water price: Rials 0.35/m3 Rials 0 .2/m3 Rials 0.05/m3 

Type of management: B C D B C D B C D 

Cropping pattern and land use 
Fallow 55 311 55 311 55 311 
Wheat irrigated.at medium 

level on land Class II 55 55 55 
Barley dry on land Class VI 56 56 56 
Rice on land Class II 15 15 15 

Class V 60 60 60 
Alfalfa, high water, land class II 16 16 16 
Cotton at high water level on 

land Class H 177 177 177 
Class III 74 74 74 

Transferred land -158 +158 -158 +158 -158 +158 
Idle land 337 337 337 
Total land cultivated 125 16 678 125 16 678 125 16 678 
Percent of land idle 73 - - 73 - - 73 - - 

Labor employment (man-days) 
Number of farmers labor 

employed/season 
1st: season 
2nd season 
3rd season 
4th season 

Number of khosh-neshin labor 
employed/season 

Number of migrant labor 
employed/season 
1st season 
2nd season 

Percent of total labor force 
employed/year 

(Continued on next page) 

342 - 4,758 342 - 4,758 342 219 4,539 
851 413 1,064 851 413 1,064 851 413 1,064 
687 ,147 6,036 687 ,147 6,036 687 ", 147 6,036 
27 9 11 27 9 11 27 9 11 

219        2,878 219        2,878 

2.73 1.13 21.14 2.73 1.13 21.14 2.73 1.13 

3,097 

21.14 



Table 4.4.   (Continued) 

Water price: 

issemene 

Rials 0.35/m3 Rials 0.2/m3 Rials 0.05/m3 

Type of man: B C D B C D B C D 

Capital (rials IQ3) 
Total credit used 1,570 48 2,700 1,570 48 2,700 1,570 48 2,700 
Percent of credit borrowed 100 0.24 9.2 100 0.24 9.2 100 0.24 9.2 

used for farming 210 48 2,700 210 48 2,700 210 48 2,700 
for living 1„360 1,360 1,360 

Water (103 m3) 
Total water consumed 420 290 3,160 420 290 3, 160 420 290 3, 160 

3 
Net family income (rials 10 ) 

from farming 
off-farm employment or land lease 
per hectare from farm land owned 

780 350 7,330 840 390 7,800 900 530 8,700 
1,030 440 - 1,030 440 - 1,030 440 - 

1.7 4.5 14 1.8 4.7 15 2 5 17 

00 
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Analysis and evaluation of each of the above tables indicates 

that neither the different ratio of land between types of landlords nor 

different prices of water affected the commodities produced by the 

production units,   income realized (except the differences related to 

the water price changes) by types of farmers and total water con- 

sumed in the village.    The result from different ratios of land 

between types of landlords was expected to be so because of the 

construction of the model. 

None of these items were sensitive to the irrigation water price 

changes.    The importance of water in agricultural enterprises as 

perceived by this model is such that the demand of water is perfectly 

inelastic at least in the range of negotiated prices (i. e. ,  between 

0. 35 and 0. 05 rials). 

Effects of Changing the Number of 
Migrant Laborers in Each Season 

Table 4. 5 shows the effects of changing the amounts of migrant 

labor from 10, 000 man-days to 1, 000 man-days per season.    In this 

3 
model water price level was kept at 0. 2 rials per m    and land use 

weights between landlord types C and D were assumed to be equal. 

When man-days were changed,   cropping pattern,   farm income, 

and water consumed did not alter.    The only significant effect was on 

the level of employment of non-farmer resident (khosh-neshin) labor 
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Table 4.5.   The Effects of Water Price Change on Cropping Pattern and Income Level of Types of 
Management with Interaction Effects.   (C type 50% and D type 50% weight considered, 
migrant labor is assumed 1,000 man-days/season) 

Water price: Rials 0.20/m3 

Type of management: B C D 

Cropping pattern and land use 
Fallow 55 311 
Wheat irrigated at medium level on land Class II 55 
Barley dry on land Class VI 56 
Rice on land Class II 15 

Class V 60 
Alfalfa, high water, land class II 16 
Cotton at high water level on land Class II 177 

Class III 74 
Transferred land -331 +331 
Idle land 337 
Total land cultivated 125 16 678 
Percent of land idle 73 - - 

Labor employment (man-days) 
Number of farmers labor employed/season 

1st season 
2nd season 
3rd season 
4th season 

Number of khosh-neshin labor employed/season 
1st season 

Number of migrant labor employed/season 
1st season 

Percent of total labor force employed/year 

Capital (rials 103) 

Total credit used 
Percent of credit borrowed 

used for farming 
for living 

3     3 
Water (10   m ) 

Total water consumed 
3 

Net family income (rials 10 ) 
from farming 
off- farm employment or land lease 
per hectare from farm land owned 

342 - 4,758 
851 413 1,064 
687 147 6,036 
28 9 11 

219 1,878 

- - 1,000 
3.76 1.5 29 

1,570 48 2,700 
100 0.24 9.2 
210 48 ?,700 

1,360 - - 

420 290 3,160 

680 ,395 7,300 
1,180 935 - 

1£ 3.8 21 



121 

in the area.    Thirty-nine per cent of the first season khosh-neshin 

labor was employed in this case compared to none in other circum- 

stances. 

Sensitivity Analysis 

The solutions obtained from these models are based on the 

specified prices,   quantities of resources and production coefficients 

which are assumed to be known with certainty.    Of interest is the 

range over which these parameters can change without changing the 

optimum solutions.    Tables 4. 6 through 4. 9 present these ranges. 

In instances that there is a data series available for wages and 

prices, their means and standard deviations can be evaluated. Since 

a predicted value from a data series is used in the models of this 
0 

study,   the predicted values should be evaluated instead of means. 

Standard deviations obtained from the computation of price data series 

furnish quantitative criteria to which the sensitivity values can be 

compared and stability of the optimum solutions can be evaluated.    The 

solutions will be defined as sensitive or called unstable if the high and 

low extreme of the range of each specified prices and coefficients is 

within one standard deviation. 

In the absence of a data series,   the results of a sensitivity 

analysis can only be subjectively presented with no quantitative 

measurement (Bruce W.   Cone,   1969). 
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Table 4.6.   Range over Which Costs and Returns in Rials in the Optimum Solution Can Vary without 
Changing the Cropping Pattern.   (C type- and D type weight are equal, migrant labor =. 
10,000 man-days/season, and water price = rials 0.2/m') 

Description Cost or 
return 

Ransje 
B Type C Type D Type 

upper         lower upper         lower . „upper_     JSPfB. 

Labor (hire) 
Farmers 

1st season 81 
2nd season 93 
3rd season 81.5 
4th season 70 

Migrant 
1st season 77 

Land (acquisition by lease) 
Class II 4,000 
Class III 2, 500 
Class V 1,000 

"Class VI 500 

Machinery 
Offset disc (for fallow) 

Capital (interest rate) 
from peddlers 
from Ag-Bank 

Costs 

300 3,410 0 

50% 670%       no limit 
8% 670%       no limit 

- - 81 81 
Ill 77 181 70 
133 0 163 0 
140 0 140 0 

77 26 77 77 

5,396 4,000 
5,161 2,500 
6,410 1,000 

641 500 

Returns 

Crops 
Wheat 7.22 11.9 6.97 
Barley 5.03 
Rice 15.82 no limit 13.88 
Alfalfa hay 5.00 
Cotton 23.62 

Land (disposal by lease) 
Class II 4,000 
Class III 2,500 
Class V 1,000 
Class VI 500 

Labor (sale) 
Farmer 

1st season 81 81 81 
2nd season 93 108 68 
3rd season 81.5 808 0 
4th season 70 5,448 0 

no limit       4.93 

4,000 2,600 
2,500 0 
1,000 0 

500 359 

no limit        4.99 
no limit        8.61 

37.22 22.25 
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Table 4.7.   Range over Which Costs and Returns in Rials in the Optimum Solution Can Vary without 
Changing the Cropping Patterns.   (C type 75% and D type 25% weighted; migrant labor = 
10,000 man-days/season, and water price = 0.2 rials/m^) 

Range 
Description                      Cost or                B Type                            C Type D Type 

Return         upper         lower         upper         lower upper         lower 

Labor (hire) 
Farmers 

1st season 81 
2nd season 93 

3rd season 81.5 
4th season 70 

Migrant 
1st season 77 

Land acquisition by lease 
Class II 4,000 
Class III 2,500 
Class V 1,000 
Class VI 500 

Machinery 
Offset disc (for fallow) 

Capital (interest rate) 
from peddlers 
from Ag-Bank 

Costs 

300 3,410 0 

50% 670%       no limit 
8% 670%       no limit 

- - 81 81 
Ill 77 181 70 
133 0 163 0 
140 0 140 0 

77 26 77 77 

5, 396 4,000 
5,161 2,500 
6,410 1,000 

641 500 

Returns 

Crops 
Wheat 7.22 11.89 6 .95 
Barley 5.03 
Rice 15.82 no limit 13 .87 
Alfalfa hay 5.00 no limit 4.925 
Cotton 23.62 

Land disposal by lease 
Class II 4,000 4,000 2,603 

Class III 2,500 2,500 0 
Class V 1,000 1,000 0 
Class VI 500 500 359 

Labor (sale) 
Farmer 

1st season 81 81 4 
2nd season 93 109 67 
3rd season 81.5 1,768 0 
4th season 70 5,480 0 

no limit 
no limit 

4.99 
8.61 

37.22 22.22 
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Table 4,8. Range over Which Costs and Returns in Rials in the Optimum.Solution Can Vary without 
Changing the Cropping Pattern. (C type 25% and D type 75% weighted, migrant labor = 
10,000 man-days/season,  and water price = rials 0.2/m ) 

Cost or 
Return 

Range 
Description B Type CType D Type 

unoer         lower upper         lower upper         lower 

Costs 

Labor (hire) 
Farmers 

1st season 81 
2nd season 93 

3rd season 81.5 
4th season 7P 

Migrant 
1st season 77 

Land acquisition by lease 
Class 11 4,000 
Class III 2,500 
Class V 1,000 
Class VI 500 

Machinery 
Offset disc 300 3,410 0 

Capital- (interest rate) 
from peddlers 50% 670% no limit 
from Ag-Bank 8% 670% no limit 

Returns 

Crops 
Wheat 7.22 11.9 6.95 
Barley 5.03 
Rice 15.82 no limit 13.87 
Alfalfa hay 5.00 
Cotton 23.62 

Land disposal by lease 
Class II 4,000 
Class III 2,500 
Class V 1,000 
Class VI 500 

Labor (sale) 
1st season 81 81 4 
2nd season 93 109 67 
3rd season 81.5 1,768 0 
4th season 70 5,480 0 

- - 81 81 
Ill 77 181 70 
133 47 163 8 
140 64 140 no limit 

77 

no limit 

4,000 
2,500 
1,000 

500 

26 77 

4.92 

2,600 
0 

,    o 
359 

26.71 

77 

5,396 4,000 
5,161 2,500 
6,410 1,000 

641 500 

no limit 4.99 
16.71 10.72 

22.28 
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Table 4.9.   Range over Which Costs and Returns in Rials.in the Optimum Solution Can Vary without 
Changing the Cropping Pattern.   (C and D types are weighted equally, migrant labor =   , 
1,000 man-days/season and water price =0.2 rials/m^) 

Description 
Cost or 
Return 

Range 
B Type C Type D Type 

upper lower upper lower      upper lower 

Costs 

Labor (hire) 
Farmers 

1st season 81 
2nd season 93 
3rd season 81.5 
4th season 70 

Migrant 
1st season 77 

Khosh-neshin 
1st season 81 81 81 

Land acquisition by lease 
Class II 4,000 
Class III 2,500 
Class V 1,000 
Class VI 500 

Machinery 
Offset disc (for fallow) 300 3,420 0 

Capital (interest rate) 
from peddlers 50% 670% no limit 
from Ag-Bank 8% 670% no limit 

Returns 
Crops 

Wheat 7.22 11.89 6.95 
Barley 5.03 
Rice 15.82 
Alfalfa hay 5.00 

Cotton 23.62 

Land disposal by lease 
Class II 4,000 
Class III 2,500 

Class V 1,000 
Class VI 500 

Labor (sale) 
Farmer 

1st season 81 81 81 
2nd season 93 108 68 
3rd season 81.5 808 0 
4th season 70 5,446 0 

- - 81 . 81 
110 78 181 74 
130 0 163 0 
140 0 140 0 

77      no limit 

5,374 4,000 
5,161 2,500 
6,376 1,000 

634 500 

no limit 4.92 

no limit 4.99 
no limit        8,65 

28.95        22.25 

4,000 2,625 
2,500 0 
1,000 0 

500 360 
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Sensitivity to Costs and Returns 

Tables 4. 6 through 4. 9 present the range over which costs and 

returns at each water price level and a specific ratio of types C and D 

landlords can vary without changing the cropping pattern of the farm. 

Comparing wage rates,   cost of capital and land,   and the prices of 

crops with their high and low sensitivity value gives insights  into the 

critical nature of the prices used in preparing technical coefficients 

of the model. 

Table 4. 10,   using the 1342-1352 (1963-1973) price data series, 

presents a comparison between the range of one standard deviation 

around the prices of crops and wage rates,   and the bound between the 

high and the low sensitivity values of the respective items. 

Stability of the solutions with respect to each input can be 

evaluated by comparing the ranges of crop or labor prices and their 

sensitivity value.    Table 4. 10 indicates that the optimum solution is 

stable with respect to the labor wage on all seasons of a year.     This 

table also indicates that the solution is stable with respect to the price 

of rice,   while it is sensitive to the price of cotton.    The optimum 

solution is stable with respect to an increase in the price of wheat, 

alfalfa and barley but sensitive to a decrease in their prices. 

Land transfer,   machinery cost,   and utilized credit do not have 

any data series and consequently no standard deviation around their 
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Table 4,10, Comparison between high and low sensitivity values and 
the range of one standard deviation around the predicted 
value of price data series,  year 1342-1352 (1963-1973). 

One s itandard Sens itivity 
deviati 

upper 
on range 

lower 
values s bound 

-Description upper lower 

Crops price 

Wheat 8. 58 5.86 11.9 6.95 

Barley 5.9 4. 16 no limit 4.99 

Rice 17, 81 13.83 no limit 10.72 

Alfalfa hay 6.31 3.69 no limit 4.92 

Cotton 28. 96 18.28 26.71 22. 28 

Labor wage rate 

First season 92.83 69. 17 81 a 81a 

Second season 107,01 78, 59 181 70 

Third season 93.43 69. 57 163 8 

Fourth season 79.8 60,8 140 no limit 

This,   in fact,   is a shadow price indicating that all first season 
farmers1 labor are employed. 
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predicted values and no ranges to compare with sensitivity values. 

Therefore,   the results of a sensitivity analysis with regard to the 

stability of these three activities are subjectively analyzed.    From 

Tables 4. 6 through 4. 9 the solutions are shown to be stable with 

respect to the interest rate on borrowed capital and machinery cost. 

This is based on the fact that a wide range exists between the upper 

and the lower bound of interest rate and offset disc operation cost in 

the solutions.    Subjective analysis of the Tables 4. 6 through 4. 9 

indicates that the solutions are sensitive to land transfer.    The 

rationale for this interpretation is based on the disproportionate value 

observed on the lower range of the land sale and the upper range of 

the land purchase items. 

By-products of the Analysis 

In the process of evaluating water price changes on the cropping 

pattern,   farm income and water consumed,   there are some interesting 

economic patterns shown in the solutions about the possible realloca- 

tion of resources, 

Capital Constraint 

Dehqans type of farming is shown to be badly in need of capital. 

Empirical.evidence indicating that they borrow money at a high interest 

rate,   20 to 80 per cent,   was also predicted in the model which showed 
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that these farmers borrowed 100 per cent of their available credit. 

In the model they still are willing to borrow more money,   even up to 

670 per cent interest rate at the margin.    While type C landlords used 

0. 24 per cent of their available credit and type D landlords utilized 

only 9.2 per cent of their available, credit. 

Land and Labor Constraints  . 

Dehqans left 73 per cent of their land idle.     They used only 7 

per cent of their labor time on their own land,   sold 48 per cent of 

their labor and left 45 per cent of their labor unemployed.    This idle- 

ness probably was due to capital constraints.    Had they enough capital, 

would they have left such a big portion of their land and labor idle? 

Although type C farmers have adequate credit and access to 

labor and machinery,   they preferred to lease 90-97 per cent of their 

land to type D farmers.    Type C farmers cultivated only 3 to 10 per 

cent of their land,   depending on the size of their farms. 

Type C farmers have enough credit to borrow capital while 

dehqans do not.     The type C farmers can hire dehqans1 labor for 

agricultural activities.     But,   there are type D farmers  in the area 

that conapete with them in hiring dehqans' labor. 

However,   the MVP of farm land in the firms of type D farmers 

is higher than in that of type C farmers.     This causes type C farnaers 

not to compete in farming and lease their lands to their well prepared 

competitors. 
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. To evaluate the importance of capital on the agricultural 

activities of dehqans and to appreciate its indirect effects on the 

activities of other farmers in the village,   the dehqans1 capital con- 

straints were relaxed for the model.    Its effects are discussed in the 

following paragraphs. 

Effects of Increasing Dehqans' Credit 

Table 4. 11 shows the effects of increasing dehqans' credit in 

the Agricultural Bank from 1, 260, 000 to 2, 520, 000 rials.    In this 

model,   land use weights between landlord types C and D were assumed 

to be 75 and 25 per cent respectively.    Migrant labor was assumed 

to be 10, 000 man-days per season and all other coefficients in the 

model were kept constant.     The most interesting results from this 

3 
model under two water price schemes  (0. 35 rials/m    and 0.05 rials/ 

3 
m ) were as follows: 

1. Dehqans did not leave any part of their land idle.     Consequently 

their cropping pattern was quite different than when they had 

capital constraints. 

2. Type C farmers who previously planted only alfalfa could not 

conapete with dehqans  in production of alfalfa.     They,   therefore, 

leased all their lands to type D farmers. 

3. Although type D farmers had more land and a better term 

credit (lower interest rate),   they encountered strong competitors 
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Table 4.11.   The effect of water price change on cropping pattern and income level of types of 
management with interaction effects.   C type 75 per cent and D type 25 per cent weight 
considered.   Migrant labor is assumed 10,000 per season and dehqans' credit from 
Agricultural Bank increased by two times. 

Water price: Rials 0. 35/m3 Rials 0.05/m 
Manajjement type: B C D B C D 

Croppins pattern and land use (hectares) 
Fallow 193 319 189 319 
Wheat irrigated at medium 

level on land class V 40 40 
Wheat irrigated at high 

level on land class II 22 22 
Wheat, dryi land class VI 38 38 
Barley, dry, land class VI 56 56 
Alfalfa irrigated at high 

level on land class II 16 
class III 24 

Rice on land class II 104 112 
class III 49 37 
class V 60 60 

Cotton irrigated at high 
level on land class 0 • 185 185 

class III 74 74 
Total land cultivated 462 0 694 462 0 694 

Transferred land 0 -520 +520 0 -520 +520 
Idle land 0 0 0 0 0 0 
% of land idle 0 0 0 0 0 0 

Labor emplovment (man-davs) 
Number of dehqans1 labor 

employed/season     1 2,658 2,442 3,695 2,405 
2 1,562 1,096 1,756 1,096 
3 3,270 5,203 3,279 5,194 
4 68 11 73 11 

Number of khosh -neshins 
labor employed/ 
season                          1 

2 
3 
4 

1,008 1,018 

(Continued on next page) 
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Table 4.11.   (Continued) 

Water price: Rials 0 . 35/m3 Rials O.OS/m 
Management type: B C D B C D 

Number of migrant laborers 
employed/season      1 

2 
Percent of total labor force 

5,394 5,431 

employed/year 11 22 11 22 

Capital (rials 103) 
Total credit used 2,273 2,744 2,273 2,744 
% of credit utilized 18 9.4 18 9.4 
Amount of credit used for 

farming 913 2,744 913 2,744 
living 1,360 - 1,360 - 

Water (103 m3) 
Total water consumed 2,812 3,229 2,897 3,229 

Net family income (rials 10 ) 
From farming 5,100 4,470 5,500 5,440 
Off-farm employment or 

land lease 725 1,500 720 1,500 
Per hectare from farm 11 6a 12 8a 

On the basis of total land under cultivation including leased land. 
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(dehqans) in this model,    Dehqans with adequate capital were 

more economically efficient than C type farmers for all crops 

and more efficient than D type farmers on labor intensive crops. 

The latter issue reflects the zero cash cost for dehqans1 labor 

on their own farm.    Dehqans'net income per hectare of land 

farmed averaged 11,000 rials compared to type D farmers who 

averaged 6,000 rials with the major difference attributable to 

low cost labor and machinery costs for dehqans. 

Dehqans,   after cultivating all of their lands and selling 34 per 

cent of their labor to type D farmers,   still have 37 per cent of their 

labor unutilized for crop production.    This raises the question of how 

dehqans would react to relaxing the ban on their land transaction, 

and how all three types of farmers would respond to permitting them 

to make contracts on the basis of sharecropping. 

However,   Table 4. 12 persents a comparison between crops 

produced,   land cultivated,   labor employed,   capital used,   water 

consumed,   and income realized by representative units on the village 

level and the farm level under two different schemes:    1) prevailing 

situation,   and 2) after an hypothetical credit increase for dehqans. 

The effects of dehqans1 credit change can be studied on the village 

level as well as on the farm level. 

Village Level.    On the village level,   wheat production stayed 

almost the same,   about 92, 000 kilograms.     Barley and alfalfa did not 
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Table 4. 12.    The Effects of Doubling Credit of Dehqans on the Cropping 
Pattern,   Farm income,   and Water Consumed Compared 
to the Prevailing Credit Situation.    Type C farmers 75 
per cent and type D farmers 25 per cent land weight are 
considered.    Migrant labor is assumed to be 10, 000 man- 
days/season and water price is 0.05 rials /m . 

Description 
Before increasing   After increasing 

credit credit 

Village level 
Crops produced (kg) 

Wheat 92,400 91,300 
Barley 56,000 5 6,000 
Alfalfa hay 100, 000 100, 000 
Rice 127, 500 423, 500 
Cotton 465,000 481,000 

Land cultivated (hectares) 
All classes 819 1, 156 

Labor employed (man-days) 
Dehqans 
Khosh-neshins 
Migrant 

Capital used (10    rials) 
For farming 
For living 

Water consumed (10    m  ) 
Net family income (10^ rials) 

From farming 
Off farming 

Farm level B CD B C D 

4, 000 
0 

3, 000 

3, 000 
1, 360 
4, 000 

9, 000 
1, 000 

16, 000 
1, 000 
5, 500 

3, 700 
i, 360 
6, 000 

11, 000 
700 

Capital used (10^ rials) 
For farming 200 50    2,700 900 0       2,700 
For living 1, 360 

Net family income (lO-3 rials) 
From farming only 900 440    7,500        5,500 0        5,400 
Off farming 

employment 
or land lease 1,000        1,430 - 700     1,500 

50 2,700 900 
- 1, 360 

440 7, 500 5, 500 
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change.      Rice production increased from 127, 500 kilograms to 

423, 500 kilograms,   and cotton increased from 465,000 kilograms to 

481,000 kilograms.    Total land under cultivation increased from 

819 hectares to 1, 156 hectares.    Dehqans' labor used on farms 

increased from 14,000 man-days/year to 16,000 man-days /year. 

Khosh-neshin labor employed increased from zero to 1, 000 man- 

days /ye.ar,   and migrant labor from 3,000 to 5, 500.    Capital utilized 

showed an increase of 700,000 rials per year.    Water consumption 

3 3 increased from 4, 000, 000 m    to 6,000,000 m   /year.    Net income 

from farming showed an increase of 2, 000, 000 rials. 

Farm Level.    At the farm level the differences between produc- 

tion units were quite noticeable.    Type B farmers used 350 per cent 

more capital on farming.     That is,   they increased their capital use 

from 200,000 to 900,000 rials,   while type C farmers decreased their 

capital use from 50,000 rials to zero and type D farmers did not 

change.     The most interesting change was in net farm income which 

can be called the distribution effects of this policy.    Net farm income 

of dehqans increased from 900, 000 to 5, 500, 000 rials,   but their off 

farming income decreased from 1,000,000 to 700,000 rials.    Type C 

farmers' income from farming dropped from 440,000 rials to zero 

and from land lease showed an increase of 70, 000 rials.    The farm 

income of type D farmers declined from 7, 500, 000 to 5, 400, 000 rials. 
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Validation of the Models 

Validation is a basic requirement for any model to be of use as 

either a descriptive or predictive tool in the real world.    A generally 

accepted set of validation criteria for economic models stated in 

summary form by Glenn L.   Johnson (1974) includes four items: 

1. to be consistent with the observation and experiences in the 

real world, 

2. to be internally logically consistent, 

3. to be understandable by the individuals who have similar 

experiences and have access to the sa^me information, 

4. to be workable in solving relevant real world problems. 

Validation of the models constructed for this study follows a 

parallel track and involves:    1) tracing back the historical data base, 

frona which to determine the relevance of the results obtained from the 

model to current irrigated condition,   2) testing the predictability 

power of the model in the form of a direct comparison of the results 

obtained from the model with the farmers' behavior in the area,   and 

3) comparing the statistical measurements of the data and their 

representation in the L. P.   model against observed and theoretical 

behavior. 

Tracing back the Historical Data 

In the area of this study,   the first survey of thi? nature was the 
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survey of 10 villages in 1964 conducted by Pahlavi University College 

of Agriculture,  Shiraz.    This survey served as a source of informa- 

tion for providing initial endowments of the production units in this 

study.     This survey was subsequent to the land reform (1962),  but 

before the implementation of the irrigation project in the area. 

The survey of 15 farmers  (in 1972),   although 8 years later than 

the survey of 10 villages,   was still before the introduction of water 

to the farmers which took place in 1973.    Consequently,   there is no 

historical data base from which to check the validity of the model in 

terms of its truly representing today's irrigated farming pattern in 

the Marv-Dasht area. 

Testing Predictability of the Models 

Another way of validating the results of this study is to evaluate 

its predictability power.    But considering the fact that farmers in the 

area did not receive water from the irrigation project before  1973,   it 

is hard to believe that they are not still in a transitional period. 

Therefore,   current farmers' reactions to the new input (water) per- 

haps should not be viewed in the more stable or long run sense. 

Consequently,   even if data are available it may not be very desirable 

to take them as a base for comparison with the results of this study 

which presumes a relatively stable environment in terms  of production 

response,   input coefficients and price?. 
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However,   this type of test can be reserved for the near future-- 

3 to 4 years.     Then the relevant data can be collected and the pre- 

dictability power of the model can be tested. 

Statistical Measurements 

The operational characteristic of the response functions has 

already been evaluated in Chapter III on statistical grounds.    These 

data in turn were included in the LP models under the usual modeling 

constraints as discrete point estimates.    However,   in this context 

there are some questions: 

1. Does LP closely approximate (according to theory) the water 

production functions generated for each of five crops in Chapter 

III? 

2. If it does not,   what is happening? 

3. What modification of the LP model would be required in order 

to correctly approximate the water production function? 

To answer these questions,   a direct analysis of how LP 

"models" the production function is in order. 

Figure 4. 1  represents  profiles of the production functions of 

alfalfa,   sugarbeet,   cotton,   sunflower,   and wheat with respect to 

water which are derived from the experimental field and adjusted for 

dehqans on land class II as described in Chapter III. 
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Figure 4. 1.    Profiles of production functions of 
five crops derived from experimental 
field and adjusted for dehqans on land 
class 11. 

Figure 4. 2.   Profiles of value added product per Figure 4. 3.    Profiles of marginal value productivity 
10   m3 of water with respect to five of water derived from the production 
crops derived from the farm budget functions of five crops, 
data. 



140 

Figure 4.2 represents profiles of the value added product per 

3      3 
unit (10    m  ) of water with respect to each of the five above crops. 

These profiles are generated from the representative farm budgets 

prepared for each crop.    The cost of labor is not included since the 

type (village or migrant) of labor to be ennployed by the model is not 

known. 

By looking at the profiles on Figure 4. 2 one can see that these 

marginal value added curves do not approximate the MVP of water 

derived from the production function (Figure 4. 3).    There are several 

reasons for the discrepancy.    First,   the marginal value added at 

each level of irrigation in the LP does not hold constant other asso- 

ciated factors of production such as labor,   fertilizer,   and capital, 

Consequently,   these marginal values generated include not only the 

incremental productivity of water but that of labor,   fertilizer,   and 

other inputs as well. 

To find the marginal value productivity of water alone it is 

necessary to modify the LP model by separating the .effects of ferti- 

lizer,   labor,   and capital from that of water.     Then the input-output 

coefficients for each level of water use,   keeping all other variables 

constant,   should be double-checked to be sure that the trend of MVP 

of water with respect to each crop follows the related theoretical 

production function.    When this  is achieved then the LP model can 

approximate the MVP of water. 
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Recommendations for Further Study 
and Improving the Model 

The most crucial element in this recommendation section is 

the emphasis on the need first to validate the model.    Until accom- 

plished one cannot know whether the results here have any application 

to the real world. 

Until such time as the model is validated the final remarks here 

must be limited primarily to suggestions for model improvement with 

only limited observation concerning possible implication of the study 

for real world resource allocation. 

Although considerable effort has been placed on obtaining 

appropriate data for the models used in this' study,   several limitations 

exist in the data base.    Those items are discussed here. 

Collecting and assorting data from a relatively large geo- 

graphic area should be considered a shortcoming of the model since 

it tends to average out individual farm or village differences.    Also, 

the study did not include the elements of risk and uncertainty.    That 

is,   prices were assumed to be known with certainty,   derived from 

the price data series.     In reality,   each price might be viewed,   over 

some  range,   as  coming from a probability of occurrence distribution 

rather than as a discrete parameter. 

The functions obtained from the experimental field data for 

sugarbeet,   alfalfa,   and sunflower showed linear relationships between 
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water and yield.    Empirical evidence from U. S.   water research 

generally suggests a non-linear response function for water with 

associated declining MVP for increases in water use.    To obtain more 

realistic production functions and consequently more accurate techni- 

cal coefficients for different levels  of irrigation,   an expansion of the 

range of water,   at both lower and higher levels,   in the experiments 

is needed to improve the accuracy and sensitivity of crop response to 

water. 

In these models,   water use for each crop was calculated as one 

item for the whole year.    Considering all other factors equal,   differ- 

ent crops need water at different points of time and in different 

quantities.    In some cases,   for example in late spring and early fall, 

the water needs of wheat may coincide with that of cotton,   sugarbeet, 

or rice and bring about some conflict.    In these situations farmers 

may not be able to have the desired crops in their cropping patterns. 

For other crop combinations a complementary water use relationship 

may exist. 

Therefore,   it is suggested that to the extent that data will allow 

water use for crops be calculated monthly for e?Lch one and be entered 

into the programming model in that format.    At the same time the 

supply of water at each corresponding period should be measured 

and a constraint indicating the maximum available water for irrigation 

for each month in the area should be registered.     This additional 
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information would be expected to improve the usefulness and reliability 

of the programming model. 

Summary and Concluding Remarks 

Water price changes in the range of negotiated prices in the 

Marv-Dasht area under the assumptions of the models showed to be 

insensitive and had a negligible effect on the cropping patterns,   on the 

farm income and on the amount of water consumed in the area.    This 

result probably is not a good basis for water pricing policy in the 

Marv-Dasht area.    Rather it could be a starting point for development 

of research studies to measure and describe more definitively the 

marginal value productivity of water in various uses. 

However,   other results,   as a by-product,   obtained from this 

study help describe the resource use in the area between land,   labor, 

and capital components.    It also suggests that income distribution 

effects associated with possible institutional changes are worthy of 

future investigation. 

It is hoped that the results related to the latter issues (economic 

efficiency and income distribution) of this study will prove useful in 

guid.lng economists  as they attempt to provide relevant information for 

decision making regarding agricultural policies to improve the 

conditions of farmers  in the Marv-Dasht area. 
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There are some general tentative conclusions that may be 

drawn from the study.     Whether in fact these conclusions are correct 

or not can be ascertained only after model validation processes are 

completed and more research on the issues is done. 

1.- Given the nature of mechanization as specified in the model and 

types of farmers in the area,   it appears that labor available in 

the village (dehqans,   khosh-neshins,   and migrant laborers) may 

not be fully utilized.    Although there are some highly intensive 

labor crops in the area,   there still is labor available which 

might be employed in other sectors of economy. 

2. Given the nature of mechanization as specified in the model and 

types of farmers in the area,   it appears that dehqans are able 

to compete with omdeh-maleks particularly well in more 

intensive labor crops.     This is mainly because dehqans have 

their own costless labor where omdeh-maleks have to pay for 

labor. 

3. Given the nature of mechanization as specified in the model and 

types of farmers in the area,   it appears that khordeh-maleks 

are not able to compete with other types of farmers in the area. 

They do not have free labor to enable them to compete with 

dehqans and they do not have advanced technology to enable them 

to compete with omdeh-maleks.    To compete,   it is expected that 

the groups will adjust both the technical and economic aspects 
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of their operation.    Whether it will simply involve output and 

cost reducing technology or will also involve some change in 

input use between labor and machinery is viewed as an important 

subject for future research. 

It appears that dehqans are extremely short in capital and would 

increase their crop production significantly if capital were 

increased to a comparable level per hectare to the more 

mechanized landlord operation. 
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APPENDICES 



Appendix Table 1.    Experiments on Consumptive Use of Water Conducted by the Soil Institute of 
Iran in Years 1347-1350. 

Plant 
Year Crop Varieties Replication population 

levels 

1347 Sugarbeet 1 3 

1348 Sugarbeet 1 3 

1349 Sugarbeet 1 1 

1350 Sugarbeet 1 1 

1348 Wheat 3 9 

1350 Wheat 2 10 

1350 Cotton .    1 3 

1351 Cotton 1 1 

1349 Sunflower 1 1 

1349 Alfalfa 1 1 

1350 Alfalfa 1 1 

Fertilizer Water 
levels le vels 

3 3 

3 3 

1 4 

2 4 

3 3 

1 3 

1 4 

3 3 

1 3 

1 3 

1 3 
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Appendix Table Z.    Sugarbeet Yields from Field Experiments 
on Consumptive Use of Water,  Marv- 
Dasht Plain,   1968. 

Treatment 
Yield ,ir  ,  ..a 

/,    ,                              Water                    Na                         „b tons /ha)                               .    3.                 .     ...                     S  (m-3) (unit)  

66, 00 

59. 00 

65. 60 

63. Z0 

59. 50 

54. Z0 

42. 80 

51. 50 

52. 10 

a 
Each unit represents 30 kilograms available nitrogen per 
hectare. 

Number of plants per hectare. 

28,290 1 102, 500 

28,290 2 100, 300 

28,290 3 95, 300 

25,960 1 106, 700 

Z5,960 2 96, 100 

25,960 3 94,000 

21,910 1 108, 300 

21,910 2 95,600 

21,910 3 91, 900 
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Appendix Table 3.    Sugarbeet Yields from Field Experiments 
on Consumptive Use of Water,  Marv- 
Dasht Plain,   1969. 

Treatment 
Yield                                                             Water                    Urea 

(tons/ha) (m3) (kg) 

51. 38 

46. 16 

48. 81 

43. 06 

40. 97 

45. 83 

39. 40 

37. 25 

37. 18 

22,630 45 

22,630 90 

22,630 135 

16,660 45 

16, 660 90 

16,660 135 

14,170 45 

14,170 90 

14,170 135 

Appendix Table 4.    Sugarbeet Yields from Field Experiments 
on Consumptive Use of Water,  Marv- 
Dasht Plain,   1970. 

Yield 
(tons /ha) 

47. 88 

45. 26 

36. 83 

35. 54 

Treatment 
Water 
(m3) 

Same level of ferti- 
lizer for all 

14,670 f 90 

11,770 90 

8, 970 90 

6,260 90 
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Appendix Table 5.    Sugarbeet Yields from Field Experiments 
on Consumptive Use of Water,   Marv- 
Dasht Plain,   1971. 

Yield 
(ton/ha) 

64. 00 

72. 63 

62. 80 

64. 25 

67. 34 

72. 11 

58. 36 

59. 86 

Treatment 
Water 
(m3) 

Urea 
(kg) 

18,550 0 

18,550 90 

16,490 0 

16,490 90 

14,370 0 

14,370 90 

12, 120 0 

12,120 90 
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Appendix Table 6. Wheat Yields from Field Experiments on Con- 
sumptive Use of Water, Marv-Dasht Plain, 
1969-70. 

Yield Water Urea V ,,  b „•   c 

(kg/ha) (m3 /ha) (kg/ha) V2 V3 

2, 700 3,058 0 i _ _ 

2, 262 3,058    ' 60 i - - 
2, 507 3, 058 120 i - - 
2, 250 3,058 0 - 1 - 
2, 127 3,058 ■ 60 - 1 - 
2, 280 3,058 120 - 1 - 
1°, 980 3,058 0 - - 1 
2,242 3,058 60 - - 1 
2, 110 3,058 120 - - 1 
3,475 5, 671 0 i - - 
3, 682 5, 671 60 1 _ - 
3,430 5, 671 120 1 - - 
3, 123 5, 671 0 - 1 - 
3,257 5, 671 60 - 1 - 
3,017 5, 671 120 - 1 - 
3, 742 5, 671 0 - - 1 
3, 655 5, 671 60 - - 1 
3, 175 5, 671 120 - - 1 
3,286 7, 905 0 i - - 
3,667 7, 905 60 1 - - 
3, 323 7, 905 120 i - r- 

3, 390 7, 905 0 - 1 t 

3, 501 7, 905 60 - 1 - 
1, 585 7, 905 120 - 1 - 
3, 90 5 7, 905 0 - - 1 
3, 572 7, 905 60 - - 1 
4,077 7, 905 120 - - 1 

aV    = Wheat, 
bV2 = Wheat, 

Ro s ha n 

IN IA 

'V    = Wheat,   Penjamoo 
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Appendix Table 8.    Cotton Yields from Field Experi- 
ments on Consumptive Use of 
Water, Marv-Dasht Plain,   1971. 

Yield Water 
(kg /ha)  

1,207 

1,219 

1,312 

1,706 

1,665 

1,718 

1,905 

2,188 

2,018 

1,851 

2,133 

1,840 

(m3) 

6, 242 

6, 242 

6, 242 

7, 382 

7, 382 

7, 382 

8, 403 

8, 403 

8, 403 

9, 5'4.3 

9, 543 

9, 543 

Appendix Table 9.     Cotton Yields from Field Experi- 
ments on Consumptive Use of 
Water, Marv-Dasht Plain,   1972. 

Treatment 
Yield Na Water 

(kg/ha) (unit)  (m3) 

0 8,470 
1 8,470 
2 8,470 

0 8,960 
1 8,960 
2 8,960 

0 9,250 
1 9,250 
2 9,250 

•■Each unit represents 70 kg available nitrogen/ha. 

2, 097 
1, 647 
2, 418 

1, 492 
2, 075 
2, 814 

2, 499 
1, 673 
2, 178 
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Appendix Table 10.    Alfalfa Yields from Field Experi- 
ments on Consumptive Use of 
Water,   Marv-Dasht Plain,   1971. 

Yield 
(ton/ha, 

unwilted wt.) 

Water 
(m3) 

96.70 

96.20 

66.20 

25,750 

17,080 

8,730 

Appendix Table 11.    Alfalfa Yields from Field Experi- 
ments on Consumptive Use of 
Water,   Marv-Dasht Plain,   1970. 

Yield 
(ton/ha, 

unwilted wt. ) 

Water 
(m3) 

120 

112 

113 

42,800 

31,800 

21, 200 

Appendix Table 12.    Sunflower Yields from Field 
Experiments on Consumptive 
Use of Water, Marv-Dasht Plain, 
1970. 

Yield 
(kg/ha) 

Water 
(m3) 

1,825 

1, 607 

1,638 

12,950 

11, 090 

9, 640 
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Appendix Table 13.    Point Estimates of Crop Yield and Water Use 
Under Irrigated Conditions in Marv-Dasht 
Plain (Justin, Courtney and Taleghani.Daftari 
Consulting Engineers,  1965). 

Crop 
Water Consumptive      Crop Yields/ 

Use/Hectare          Year/Hectare 
(103m3) (kg) 

•Cotton 

Alfalfa 

Fruits and vegetables 

Rice 

Sugarbeets 

Wheat and barley 

Chickpeas 

Oil seeds 

Livestock and domestic, 
roads and canals 

10,734 2,000 

16,967 8,500 

8, 908 8, 500 

13,450 2, 500 

10, 904 25,000 

1, 743 2, 500 

6, 537 1, 500 

6, 537 1, 500 

147 330 
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Appendix Table 14.    Enterprise Budget Forrn used for 15-Farm 
Survey. 

Name of village  Kind of crop  Class of land 
Hectares under this crop  

Yield (kilograms) 
Main product  
By product     

Variable Costs (rials) 
1. Fertilizer (also kind and quantity) 
2. Seed (also quantity) 
3. Chemicals 
4. Machinery 
5. Miscellaneous 

Labor Used (man-days) 
Fa       Or_       Kh       Ti       Mo_ 
Sh       Me       Ab       Az       Di_ 
Ba Es 

Water 
1. Considering village water share,  how many hectares can be 

irrigated by flooding method in 24-hour period in each month 
of the year ? 

Fa. Or. Kh. Ti. Mo. 
Sh. Me. Ab. Az. De. 

2. Percentage of total water used for this crop in each month: 
Fa. Or. Kh. Ti. Mo. 
Sh. Me. Ab. Az. De. 

Rotation 
1. Preceding crop 
2. Following crop 
3. Any particular characteristic 

Limitation 
1. Maximum hectares 
2. Minimum hectares 
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Appendix Table 15.    Form Used for Machine Use by Field Activity 
and Crop,   15-Farrn Survey. 

Name of village   

Please indicate activity which was used for each crop. 

__t 7~ " 
Activity and        Alfalfa       ,r~     „   ^     Cotton   Rice 

beet        flower 
    barley  

Plowing; 
Moldboard plow 
Offset disc 
Disc plow 

Leveling: 
Heavy leveling 
Light leveling 
Discing 

Planting and Nursing; 
Fertilizing 
Seed drilling 
Row planting 
Ditching & bordering 
Chemical spraying 

Harvesting; 
Combining 
Threshing with disc 
Stand threshing & 
o    , • cleaning gram 
Mowing hay 
Raking 
Baling 



> 
H

 
< 

o
 

r^
- 

I
 

V
 

» 
'
"

■ 

era
 

a < »> era
 

to
 M

 

0
0

 

o
 

? 
> 

^ 
O

 
^ 

"K 
ffi 

O
 

1"
 

r
f

 
(0

 
UJ

 
(U

 
re 

B
T

 

rr
 

N
 

p
 

p
 

rf 
in

 
H

) 

0
 

0
 a
 

1"
 

0
 

cr
 

r 
I"

 
cr

 

0
 

o-
 

3 0>
 

to
 

1 Z
 

o < 
rr

 
w 

a
 

cr
 

C
L

 
cr

 

(U
 

i"
 

0
 

?r
 

(1
> 

C
L

 

a
 

' 
4

 a"
 

a.
 

«
 

i»
 

o
 

■-t
 a
- 

(u
 

1—
 

*. 

i—
»

 

o
 

►-
  
  

 o
  

  
 r

o
  
  
 O

J 
  
  

u
i 

o
  
  

 o
 

.-
 

o
 

i—
 

o
 

o
 

oo
 

o
  
  

 o
  
  

 o
 

o^
  
  
o

 
o

  
  
 o

 

a^
 

~
J 

u>
 

W
 

*. 
M

 
O

 
o

 
o

 
0
3

 
o

 
U

I 
t—

' 
o

 

o
 

o
 

(7
^ 

I—
   

   
 o

 

u
i 
  

  
o

 

to
  
  
 p

o 
o

  
  
 o

o 
o

  
  
 o

 

ro
 

o
 

o
 

00
 

O
 

O
 

O
 

U
i F a
 

-i o o 3
 

N
) 

t\
) 

-~
J 

,-, 
Cv

J 
p

o
 

t—
• 

~
J

 
►—

 
H

- 
o

 
•^ 

•- 
~

J 
^_ 

ro
 

-J
 

--
J 

M
 

(^ 
U

J
 

o
 

P
0

 
to

 
0

0
 

U
l 

^- 
-J

 
O

n 
*
>

■ 
^

J 
i^

 
tv

) 
U

l 
o

 
w

 
u\

 
-J

 
o

 
un

 
O

 
O

 
t-

n 
o

 
o

 
o

 
o

 
^

J
 

o
 

u>
 

O
J

 
H

- 
N

 
ro

 
[-

0
 

H
-

 
[\

»
 

M
 

o
 

o
 

^o
 

~
J

 
-J

 
M

 
0
0

 
0
0

 
--

J
 

o
 

o
 

o
 

o
 

o
 

o
 

U
l 

o
 

O
 

rr
^ 

*>. 
o

 
CT*

 
*. 

to
 

-J
 

cr
- 

t—
> 

O
"-

 
oo

 
*- 

*. 
~

J
 

o
 

-v
l 

1
—

' 
o

 
^ 

o
 

v
D

 
-J

 
-g

 
t—

' 
v

D
 

-J
 

o
 

o
 

to
 

*• 
ts

) 
O

^ 
oo

 
l— 

h
- 

o
 

U
l 

-J
 

o
 

vf
) 

-J
 

oo
 

O
 

O
 

0
0

 
a

i 
o

 
*.

 
O

 
t—

t 
o

 
U

J
 

U
l 

o^
 

O
 

O
 

N
O

 
o

 
U

l 
~

J
 

O
 

o
 

o
 

U
l 

o
 

o
 

O
 

O
 

to
 

o
 

0
0

 

to
 

,__• 
tM

 
o

 
4^

 
U

l 
o

 
O

 
U

l 

to
 

M
 

U
l 

H
-

 
tv

j 
O

J
 

t^
 

1—
' 

*. 
I—

1 
l — 

U
l 

to
 

_, 
o

 
sD

 
v
O

 
CT-

 
~

J
 

oo
 

*- 
•►
 

0
0

 
M

 
t—

1 
U

l 
0

0
 

oo
 

oo
 

U
l 

-J
 

o
 

~
J

 
-0

 
IM

 

1
—

 
1

—
 

U
l 

^ 
o

 
to

 
~

J
 

v
O

 
*> 

o
 

w
 

o
o

 

l_ - 
to

 
o^

 
-o

 
o

 
I\

) 
U

l 
U

l 
•^

1 
o

 
~

J
 

IS
) 

ro
 

U
l 

o
 

U
l 

o
 

o
 

o
 

o
 

U
l 

o
 

U
l 

o
 

U
l 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

o
 

N
u
m

b
er

 

N
am

e 
of
 v

il
la

g
e 

8
5

1
 

W
at

er
 a

p
p
li

ed
 

(1
03

m
3
) 

H
e
c
ta

re
s 

o
w

n
ed

 

N
u
m

b
er
 o

f 
o

w
n

er
s 

A
d
u
lt
 p

o
p

u
la

ti
o

n
 

N
u
m

b
er
 o

f 
fu

ll
-t

im
e

 
ad

u
lt
 f

a
rm

e
rs

 

A
v

er
ag

e 
d
ay

s 
ea

ch
 

fa
rm

e
r 

w
o
rk

s 
a
n
n
u
a
ll

y
 

C
as

h
 o

p
e
ra

ti
o
n

 
ex

p
en

d
it

u
re

 
(r

ia
ls

) 

N
o
n
-i

rr
ig

a
te

d
 c

ro
p
- 

la
n

d
 
(h

e
c
ta

re
s)

 

W
in

te
r 

cr
o
p
 
ir

ri
g
a
te

d
 

(h
e
c
ta

re
s)

 

S
u
m

m
er
 
c
ro

p
 
ir

ri
- 

g
at

ed
 
(h

e
c
ta

re
s)

 

V
al

u
e 

of
 a

ll
 
cr

o
p

s 

h
a
rv

e
st

e
d

 

> -o
 

to
 

a
 

S"
 

H
 a P

 < H
 

to
 

cr
 

< I o 2 5 i to
 

0
 



159 

Appendix Table 17.   Representative Farm Budgets for Wheat Irrigated per hectare. Management 
Type B: traditional farming (dehgan). 

Land Class: II Ill V 

Water Level (103 m^: 4.05 3.45 3.05 4.05 3.45 3.05 3.45 

Income (rials) 
Net income 12,496 10, 553 8,760 6,533 5,719 3,906 3,621 

Gross income 15,640 1?, 138 11,104 8,602 7,624 5,670 5,161 

Yield (kiloRrams) 
Main product (grain) 2,000 1,680 1,420 1,100 975 725 660 
Byproduct (straw) 2,000 1,680 1,420 1,100 975 725 660 

Labor (man-days) 
1st season 3 2 1 3 2 1 2 
2nd season 17.5 15.5 14 13 12 11 10 
3rd season 8 8 8 8 8 8 8 
4th season 0.5 0.5 0.5 0.5 0.5 0.5 1 

Total variable costs (rials) 3,144 2,585 2,344 2,069 1,905 1,764 1,540 
Fertilizer 845 467 374 280 187 187 - 

Nitrogen (kg) 30 25 20 15 10 10 - 
Phosphorus (kg) 15 - - - - - - 

Machinery & tranpsportation 733 664 607 538 511 457 443 
Seed 866 866 866 866 866 866 866 
Chemicals - - - - - ^ - 

Miscellaneous costs 700 588 497 385 341 254 231 

^Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths, and others in the village who help farmers. 
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Appendix Table 18.   Representative Farm Budgets for Wheat Irrigated per hectare.   Management 
Type C:   partly mechanized farm (khordeh-malek). 

Land class: II III V 
Water level (103 m3): 4.05 3.45 3.05 4_05 3.45 3.05 3.45 

Income (rials) 
Net income 10,717 8,954 7,646 4,937 4,462 3,209 2,769 
Gross income 15, 884 13,537 11,732 8,664 7,761 5,956 5,054 

Yield (kilograms) 
Main product (grain) 2,200 1,875 1,625 1,200 1,075 825 700 
Byproduct 

Labor (man-rdays) 
1st season 3 2 1 3 2 1 2 
2nd season 2 1.8 1.5 2 1.8 1.5 1.8 
3rd season 4.1 4.1 4.1 4.1 4.1 4.1 4.1 
4th season 0.5 0.5 0.5 0.5 0.5 0.5 1 

Total variable costs (rials) 5,167 4,583 4,086 3,727 3,299 2,747 2,285 
Fertilizer 845 713 563 713 467 280 - 

Nitrogen (kg) 30 25 20 25 25 15 - 
Phosphorus (kg) 15 13 10 13 - - - 

Machinery & transportation 2,853 2,501 2,230 1,856 1,712 1,423 1,279 
Seed 794 794 794 794 794 794 794 
Chemicals - - - - . - - - 
Miscellaneous costs3 675 575 499 364 326 250 212 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths,  and others in the village helping farmers. 
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Appendix Table 19.   Representative Farm Budgets for Wheat Irrigated per hectare.   Management 
Type D:   mostly mechanized farm (omdeh-malek), 

Land class: 
(103 m3): 

II III 
3.45 3.05 

V 
Water level 4.05 3.45 3.05 4.05 3.45 

Income (rials) 
Net income 11,249 9,636 8,741 4,425 3,837 2,736 1,822 
Gross income 18,772 16, 425 14,620 9,386 8,483 6,678 5,415 

Yield (kg) 
Main product (grain) 2,600 2,275 2,025 1,300 1,175 925 750 
Byproduct 

Labor (man-days) 
1st season 3 2.8 2 3 2.8 2 3 
2nd season 2 1.9 1.8 '     1.5 1.5 1.5 1.2 
3rd season 3.1 3.1 3.1 3.1 3.1 3.1 3.1 
4th season 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Total variable costs (rials) 7,523 6,789 5,879 4,961 4,646 3,942 3,593 
Fertilizer 1,689 1,407 845 845 713 374 280 

Nitrogen (kg) 60 50 30 30 25 20 15 
Phosphorus (kg) 30 25 15 15 13 - - 

Machinery & transportation 4,336 3,984 3,713 3,022 2,877 2,588 2,386 
Seed 686 686 686 686 686 686 686 
Chemicals 14 14 14 14 14 14 14 

" Miscellaneous costs 798 698 621 394 356 280 227 

"Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 20.   Representative Farm Budgets for Barley Irrigated per hectare.   Management 
Type B:  traditional farming (dehqan). 

Land class: 
Water level (103 m3)i 3.6 

II 
2,6 1.6 3.6 

III 
2.6 1.6 

Income (rials) 
Net income 
Gross income 

9,570      7,919 6,576 4,926 4,281 2,991 
11,200       9,408 7,952 6,160 5,460 4,060 

Yield (kilograms) 
Main product (grain) 
Byproduct (straw) 

Labor (man-days) 
1st season 
2nd season 
3rd season 
4th season 

Total variable costs (rials) 
Fertilizer 

Nitrogen (kg) 
Phosphorus (kg) 

Machinery & transportation 
Seed 
Chemicals 

a 
Miscellaneous costs 

2,000 
2,000 

1,680 
1,680 

1,420 
1,420 

1,100 
1, 100 

975 
975 

725 
725 

2 
17.5 

8 
0.8 

1 
15.5 

8 
0.8 

1 
14 
7 

0.8 

2 
13 

8 
0.8 

1 
12 

8 
0.8 

1 
11 

7 
0.8 

1,630 1,489 1,376 1,234 1,179 1,069 

700 636 585 520 495 445 
450 450 450 450 450 450 

480 403 341 264 234 174 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 21.   Representative Farm Budgets for Barley Irrigated per hectare .   Management 
Type C:   partly mechanized farm (khordeh-malek). 

Land class: II III 
Water level (103 m3): 3.6. 2.6 1.6 3.6 2.6 1.6 

Income (rials) 
Net income 7,988 6,676 5,666 4,781 4,136 2,846 
Gross income 11,000 9,375 8,125 6,160 5,460 4,060 

Yield (kilograms) 
Main product (grain) 2,200 1,875 1,625 1,100 975 725 
Byproduct (straw) - - - 1,100 975 725 

Labor (man-days) 
1st season 2 1 1 2 1 1 
2nd season 2 1.8 1.5 13 12 11 
3rd season 4.1 4.1 3.1 4.1 4.1 3.1 
4th season 0.8 0.8 0.8 0.8 0.8 0.8 

Total variable costs (rials) 3,012 2,699 2,459 1,379 1,324 1,214 
Fertilizer - - - - - - 

Nitrogen (kg) 
Phosphorus   (kg) 

Machinery & transportation 2,120 1,876 1,689 690 665 615 
Seed 425 425 425 425 425 425 
Chemicals - - - - - - 
Miscellaneous costs 467 398 345 264 234 174 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths, and others in the village who help farmers. 
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Appendix Table 22.   Representative Farm Budgets for Barley Irrigated per hectare .   Management 
Type D:  mostly mechanized farm (omdeh-malek). 

Land class: II III 
Water level (103 m3): 3.6 2.6 1.6 3.6 2.6 1.6 

Income (rials) 
Net income 8,110 6,918 5,976 3,267 2,768 1,771 
Gross income 13,000 11,307 10,125 6,500 5,875 4,625 

Yield (kg) 
Main product 2,600 2,275 2,025 1,300 1,175 925 
Byproduct 

Labor (man-days) 
1st season 2 1 1 2 1 1 
2nd season 2 1.8 1.5 2 1,8 1.5 
3rd season 3.1 3.1 2.1 3.1 3.1 2.1 
4th season 0.3 0.3 0.3 0.3 0.3 0.3 

Total variable costs (rials) 4,890 4,389 4,149 3,233 3,107 2,854 
Fertilizer 467 280 280 - - - 

Nitrogen (kg) 25 15 15 - - - 
Phosphorus (kg) - - - - - - 

Machinery & transportation 3,470 3,226 3,039 2,560 2,460 2,260 
Seed 400 400 400 400 400 400 
Chemicals 
Miscellaneous costs 553 483 430 273 247 194 

Miiscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths, and others in the village who help farmers. 
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Appendix Table 23. Representative Farm Budgets for Dry Farming per hectare ior Wheat and Barley. 
Management Types B, C, and D after fallow and without fallow .on Land Classes 
II and VI. 

Crop: Wheat Barley 

Land class: II after fallow VI without fallow 
Type of farm: B C D B C D 

Income (rials) 
Net income 3,122 3,015 3,108 3,528 3,408 3,290 

Gross income 4,301 4,301 5,054 4,480 4,480 5,000 

Yield (kilograms) 
Main product (grain) 550 550 700 800 800 1,000 

Byproduct (straw) 550 550 - 800 800 - 

Labor (man-days) 
1st season - - - 10 10 1.8 
2nd season 9 9 1.8 - - - 
3rd season 6 1.1 1.1 6 1.1 1.1 
4th season 0.2 0.2 0.2 0.2 0.2 0.2 

Total variable costs (rials) 1,189 1,286 1,946 952 1,072 1,710 
Fertilizer 

Nitrogen (kg) 
Phosphorus   (kg) 

Machinery & transportation 419 589 1,359 460 630 1,350 

Seed 578 505 361 300 250 105 
Chemicals - - 14 - - - 

Miscellaneous costs 192 192 212 192 192 210 

Miscellaneous costs:   S% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths, and others in the village who help farmers. 
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Appendix Table 24.   Representative Farm Budgets for Dry Farming per hectare for Wheat and Barley. 
Management Types B, C, and D on Land Class III after fallow , 

Crop: 
Land class: 
Type of farm: 

Wheat 
HI after fallow 

Barley 
III after fallow 

D 

Income (rials) 
Net income 
Gross income 

2,386 2,289 2,532 3,012 2,892 2,891 
3,519 3,519 4,332 3,920 3,920 4,500 

Yield (kilograms) 
Main product (grain) 
Byproduct (straw) 

450 
450 

450 
450 

600 700 
700 

700 
700 

900 

Labor (man-fdays) 
1st season 
2nd season 
3rd season 
4th season 

Total variable costs (rials) 
Fertilizer 

Nitrogen (kg) 
Phosphorus   (kg) 

Machinery G transportation 
Seed 
Chemicals 
Miscellaneous costs 

10 10 1.8 
8.5 8.5 1.8 - - - 

6 1.1 1.1 6 1.1 1.1 
0.2 0.2 0.2 0.2 0.2 0.2 

133 1,230 1,800 908 1,028 1,609 

397 567 1,243 440 610 1,270 
578 505 361 300 250 150 
- - 14 - - - 
158 158 182 168 168 189 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths, and others in the village who help farmers. 
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Appendix Table 25.   Representative Farm Budgets for Alfalfa per hectare.   Management Types B and 
C on Land Classes II and III(6-year budget). 

Land class: II III 
Water level (103m3): 108.6 82.6 61.6 108.6 82.6 61.6 

Income (rials) 
Net income 194,, 368 , 146,392  , , 108,059 , 124,306  , 78,610, 40,39,5 
Gross income 212,500 161,800 121,150 138,750 90,450 49, 925 

Yield (kilograms) 
Main product 37, 500 28,160 20, 680 25,000 15,650 8,175 
Byproduct (barley) 5,000 4,200 3,550 2,750 2,440 1,810 

Labor (man-days) 
1st season 82 80 78 79 77 75 
2nd season 155 153 152 152 150 148 
3rd season 55 54 52 52 50 48 
4th season 3.5 3.5 3.5 3.5 3.5 3.5 

Total variable costs (rials) 18,132 15,408 13,091 14,444 11,840 9,530 
Fertilizer 2,987 2,798 2,514 2,987 2,798 2,514 

Nitrogen (kg) 8 8 8 8 8 8 
Phosphorus   (kg) 150 140 125 150 140 125 

Machinery S transportation 1,670 1,670 1,670 1,670 1,670 1,670 
Seed 2,850 2,850 2,850 2,850 2,850 2,850 
Chemicals - - - - - - 
Miscellaneous costsa 10,625 8,090 6,057 6,937 4,522 2,496 

a 
Miscellaneous costs:   59^ of the total product (minus costs of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 26.   Representative Farm Budgets for Alfalfa per hectare.   Management Type D on 
Land Classes II and III (6-year budget). 

Land class: II III 
Water level (103 m3): 108.6 82.6 61.6 108.6 82.6 61.6 

Income (rials) 
Net income 195,795 153,760 124,642 129,431 89,429 56,136 
Gross income 245,000 194,200 158,650 166,250 117,950 77, 450 

Yield (kilograms) 
Main product 42,500 33,150 26,670 30,000 20,650 13,180 
Byproduct (barley) 6,500 5,690 5,060 3,250 2,940 2,310 

Labor (man-davs) 
1st season 32 30 29 30 29 28 
2nd season 51 48 47 47 45 43 
3rd season 27 25 24 25 24 23 
4th season .   3.5 3.5 3.5 3.5 3.5 3.5 

Total variable costs (rials) 49, 205 40,440 34,008 36, 819 28,521 21,314 
Fertilizer 5,975 5,030 4,083 5,975 5,030 4,083 

Nitrogen (kg) 16 16 16 16 16 16 
Phosphorus (kg) 300 250 200 300 250 200 

Machinery & transportation 30,415 24,857 20, 954 21,522 16,324 11,866 
Seed 1,900 1,900 1,900 1,900 1,900 1,900 
Chemicals 34 34 34 34 34 34 
Miscellaneous costs 10,881 8,619 7,037 7,388 5,233 3,431 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 27.   Representative Farm'Budgets for Cotton per hectare for two hectares of land. 
Management Type B (traditional farming, dehqan) on Land Classes II and III. 

Land class: II III 
Water level (103 m3) 9 7.3 6.2 9 7.3 6.2 

Income (rials) 
Net income 30,051 23,707 12,316 19, 164 12,822 1,343 
Gross income 35, 430 28,344 15, 825 23,620 16, 534 3,921 

Yield (kilograms) 
Main product 1,500 1,200 670 1,000 700 166 
Byproduct 

Labor (man-days) 
1st season 31.1 30.5 30 31.1 30.5 30 
2nd season 4 3 3 4 3 3 
3rd season 16 14 10 12 10 6 
4th season - - - - - - 

Total variable costs (rials) 5,379 4,637 3,509 4,456 3,712 2,578 
Fertilizer 940 752 602 940 752 602 

Nitrogen (kg) 25 20 15 25 ?o 15 
Phosphorus   (kg) 25 20 15 25 20 15 
Machinery & transportation 1,420 1,210 839 1,070 860 486 
Seed 1,050 1,050 1,050 1,050 1,050 1,050 
Chemicals 250 250 250 250 250 250 
Miscellaneous costs 1,719 1,375 768 1,146 802 190 

a CJS 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 28.    Representative Farm Budgets for Cotton per hectare for 2 hectares of land. 
Management type Q partly mechanized farm (khordeh-malek) in land classes 
II and III. 

Land classs- 
3     3 

Water level (10   m  ): 
II 

7.3 6.2 
III 
7.3 6.2 

Income (rials) 
Net income 
Gross income 

29,511 
35,430 

23, 167 
28, 344 

11,776 
15,825 

18,624 
23, 620 

12,282 
16,534 

803 
3,921 

Yield (kilograms) 
Main product 
Byproduct 

1,500 1,200 670 1,000 700 166 

Labor (man-days) 
Istr season 
2nd season 
3rd season 
4th season 

"a 

Total variable costs (rials) 
Fertilizer ',;  ' 

Nitrogen, (kg) 
Phosphorus (kg) 

Machinery & transportation 
Seed 
Chemicals 

a 
Miscellaneous costs 

27. 1 26.5 26.0 27.1 26.5 

4 3 3 4 3 

16 14 10 12 10 

5,910 5,177 4,047 4,996 4,252 

940 752 602 940 752 

25 20 15 25 20 

25 20 15 25 20 

1,940 1,730 1,359 1,590 1,380 

1,050 1,050 1,050 1,050 1,050 

250 250 250 250 250 

1,719 1,375 708 1,146 802 

26.0 

3 

6 

3,118 

602 

15 

15 

1,006 
1,050 

250 

190 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 29.    Representative Farm Budgets for Cotton per hectare for 2 hectares of land. 
Management Type D, mostly mechanized farm (omdeh -malek) on land classes 
II and III. 

Land class: 

.3)= 
II III 

Water level (10   n 9 7.3 6.2 9 7.3 6.2 

Income (rials) 
Net income 37,978 31,822 20, 657 27,091 20,935 9,770 

Gross income 47,240 40,154 27, 635 35,430 28,344 15,825 

Yield (kilograms) 
Main product 2,000 1,700 1, 170 1,500 1,200 670 
By product 

Labor (man/days) 
1st season 25 24 23 25 24 23 
2nd season 4 3 3 4 3 3 
3rd season 22 20.5 20 20 19 18 
4th season - - - - - - 

Total variable costs (ri .als) 9,262 8,332 6,978 8,339 7,409 6,055 
Fertilizer 1,880 1,504 1,128 1,880 1,504 1,128 

Nitrogen (kg) 50 40 30 50 40 30 

Phosphorus (kg) 50 40 30 50 40 30 

Machinery C- transportation 3,990 3,780 3,409 3,640 3,430 3,059 

Seed 600 600 600 600 600 600 

Chemicals 500 500 500 500 500 500 

Miscellaneous costs 2,292 1,948 1,341 1,719 1,375 768 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 30.    Representative Farm Budgets for Sunflower Irrigated per hectare.    Management 
Type B (traditional farming, dehqan) on Land classes II and III. 

Land class: .v II III 
Water level (10   r 8.8 7 5 8.8 7 5 

Income (rials) 
Net income 11,040 9,969 8,863 5,467 4,170 2,687 
Gross income 13,500 12,082 10,467 6,750 5,332 3,712 

Yield (kilograms) 
Main product 1,000 895 775 500 .    395 275 
Byproduct 

Labor (man-days) 
1st season 5.4 5.1 4.5 5.4 5.1 4.5 
2nd season 13.2 12.2 11.2 13.2 12.2 11.2 
3rd season 15 14 13 10 9 8 
4th season - - - - - - 

Total variable costs (ri ials) 2,460 2,113 1,599 1,283 1,162 1,025 

Fertilizer 602 376 - - - - 
Nitrogen (kg) 15 10 - - - - 
Phosphorus (kg) 15 10 - - - - 

Machinery & transportation 870 817 757 620 567 508 
Seed 338 338 338 338 338 338 
Chemicals - - - - - - 

a 
Miscellaneous costs 650 582 504 325 257 179 

a 
Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who help farmers. 
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Appendix Table 31.    Representative F arm Budgets for Sunflower Irrigated per hectare.    Management 
Type C (partly mechanized farm, khordeh-malekj'on Land Classes II and III. 

Land class: 

,3)= 
II III 

Water level (10   n 8.8 7 5 8.8 7 5 

Income (rials) 
Net income 10,770 9,692 8,593 5,197 3,900 2,417 
Gross income 13,500 12,082 10,462 6,750 5,332 3,712 

Yield (kilograms) 
Main product 1,000 895 775 500 395 275 
Byproduct 

Labor (man-days) 
1st season 3.4 3.1 2.5 3.4 3.1 2.5 
2nd season 13.2 12.2 11.2 13.2 12.2 11.2 
3rd season 15 14 13 10 9 8 
4th season - - - - - - 

Total variable costs (ri als) 2,730 2,383 1,864 1,553 1,432 1,295 
Fertilizer 602 376 - - - - 

Nitrogen (kg) 15 10 - - - - 
Phosphorus (kg) 15 10 - - - - 

Machinery & Transportation 1,140 1,087 1,027 890 837 778 
Seed 338 338 338 338 338 338 
Chemicals - - - - - - 
Miscellaneous costs 650 582 504 325 257 179 

a 
Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths and others in the village who help farmers. 
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Appendix Table 32.   Representative Farm Budgets for Sunflower Irrigated per Hectare.   Management 
type D (mostly mechanized farm, omdeh-malek) on Land Classes II and III. 

Land class: 

>3): 

II III 
Water level (10   rr 8.8 7 5 8.8 7 5 

Income (rials) 
Net income 13,689 13,142 12,053 7,835 7,168 6,140 

Gross income i0,250 18,900 17,280 13,500 12,082 10,462 

Yield (kilograms) 
Main product 1,500 1,400 1,280 1,000 895 775 
Byproduct 

Labor (man-days) 
1st season 2.5 2.5 2.5 2.5 2.5 2.5 
2nd season 13 12 11 13      • 12 11 
3rd season 8 7.5 7. 6.5 6.3 6 
4th season 

Total variable costs (ri als) 6,561 5,758 5,227 5,695 4,914 4,322 
Fertilizer 1,880 1,316 940 1,880 1,361 .    940 

Nitrogen (kg) 50 35 25 50 35 25 
Phosphorus (kg) 50 35 25 50 35 25 

Machinery & transportation 3,352 3,175 3,094 2,765 2,642 2,501 
Seed 203 203 203 203 203 203 
Chemicals 200 200 200 200 200 200 

a 
Miscellaneous costs 926 864 790 617 553 478 

Miscellaneous costs:   S% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths,  and others in village who help farmers. 
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Appendix Table 33.   Representative Farm Budgets for Sugarbeets per hectare for 2 hectares of land, 
fallow and subarbeets.    Management type B (dehqan) on Land Classes II and III. 

Land class: II III 
Water level (10   m ): 12.4 10 8 12.4 10 8 

Income (rials) 
Net income 17,582 13,659 10,424 11,208 7,285 4,049 

Gross income 24,813 19,536 15,130 16,517 11,240 6,834 

Yield (kiloerams) 
Main product 18,000 14,120 10,880 11,900 8,020 4,780 
Byproduct (subsidy from 

sugar factory) 333 333 333 333 333 333 

Labor (man-days) 
1st season 31.1 30.5 30 31.1 30.5 30 
2nd season 3 2 2 3 2 2 

3rd season 16 15 14 14.2 12 14 
4th season 

Total variable costs (rials) 7,231 5,877 4,706 5,309 3,955 2,785 
Fertilizer 941 809 659 941 809 659 

Nitrogen (kg) 20 18 15 20 18 15 

Phosphorus (kg) 30 25 20 30 25 20 
Machinery & transportation 5,050 4,041 3,199 3,464 2,455 1,613 
Seed Sugarbeet factory gives seed free of charge 

Chemicals 250 250 250 250 250 250 
a 

Miscellaneous costs 990 777 598 654 441 263 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in village who help farmers. 
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Appendix Table 34. Representative Farm Budgets for Sugarbeets per Hectare for 2 hectares of land, 
fallow and subarbeets. Management Type C (khordeh-malek) on Land Classes 
II and III. 

Land class: 
Water level (10   m ): 

II III 
12.4 10 8 12.4 10 8 

Income (rials) 
Net income 16,849 12,926 9,691 10, 475 6,552 3,315 
Gross income 24, 600 19, 323 14,917 16,314 11,027 6,620 

Yield (kilograms) 
Main product 18,000 14,120 10,880 11,900 8,020 4,780 

Byproduct (subsidy from 
sugar factory) 120 120 120 120 120 120 

Labor (man-days) 
1st season 28.1 27.5 27 28.1 27.5 27 
2nd season 3 2 2 3 2 2 
3rd season 16 15 14 14.2 12 10 
4th season - - - - - - 

Total variable costs (rials) 7,751 6,397 5,226 5,829 4,475 3,305 
Fertilizer 941 809 659 941 809 659 

Nitrogen (kg) 20 18 15 20 18 15 
Phosphorus (kg) 30 25 20 30 25 20 

Machinery & transportation 5,570 4,561 3,719 3,984 2,975 2,133 

Seed Sugarbeet factory givi es seed free of charge 
Chemicals 250 250 250 250 250 250 

a 
Miscellaneous costs 990 777 598 654 441 263 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in village who help farmers. 
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Appendix Table 35.    Representative Farm Budgets for Sugarbeets per Hectare for 2 hectares of land, 
fallow and sugarbeets.    Management Type D (omdeh-malek) on Land Classes 
II and III. 

Land class:        5 

Water level (10~ V): 
II III 

12.4 10 8 12.4 10 8 

Income (rials) 
Net income 20,667 17,102 14,131 13,352 9,787 9,436 
Gross income 34,080 28,803 24, 397 24,560 19,283 14,877 

Yield (kilograms) 
Main product 25,000 21,120 17,880 18,000 14,120 10,880 
Byproduct (subsidy from 

sugar factory) 80 80 80 80 80 80 

Labor (man/days) 
1st season 25 24 23 25 24 23 
2nd season 3 2 2 3 2 2 
3rd season 21 20.5 20 20 19 18 
4th season - - - - - - 

Total variable costs (rials) 13,413 11,701 10, 266 11,208 9,496 5,441 
Fertilizer 2,448 1,958 1,544 2,448 1,958 1,544 

Nitrogen (kg) 50 40 32 50 40 32 
Phosphorus (kg) 80 64 50 80 64 50 

Machinery & transportation 9,090 8,081 7,239 7,270 6,261 2,799 
Seed Sugarbeet factory gives seed free of charge 
Chemicals 500 500 500 500 500 500 

cl 
Miscellaneous costs 1,375 1,162 983 990 777 598 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen, carpenters, blacksmiths,  and others in village who help farmers. 
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Appendix Table 36.   Representative Farm Budgets for Rice per Hectare.   Management types B, C,  and 
D on Land Classes II and III (followed by fallow) and IV (one water level). 

Management type: Type B                           Type C Type D 
Cultivation; water level: Followed by a fallow                       Water level: 15,000 m3 

Land class: II                   III               II                   III               III IV 

Income (rials) 
Net income • 34, 645 20,616 35,545 20,516 26, 202 19,289 

Gross income 40,395 24, 575 40,395 24, 575 32,485 24,575 

Yield (kilograms) 
Main product (grain) 2,500 1,500 2,500 1,500 2,000 1,500 

Byproduct (fertility carry- 
over ; rials) 845 845 845 845 845 845 

Labor (man-days) 
1st season 15 15 14 14 21 21 

2nd season 0.1 0.1 0. 1 0.1 1 . 1 

3rd season 16 15 16 15 11 10 

4th season - - - - - 

Total variable costs i (rials) 4,750 3,959 4,850 4,059 6,283 5,286 
Fertilizer 903 903 903 903 1,128 903 

Nitrogen (kg) 24 24 24 24 30 24 

Phosphorus (kg) 24 24 24 24 30 24 

Machinery & transportation 670 670 770 770 2,452 2,056 

Seed 1,200 1,200 1,200 1,200 1,200 1,200 

Chemicals _ - - - - - 
Miscellaneous costs 1,977 1,186 1,977 1,186 1,503 1, 127 

Miscellaneous costs:   5% of the total product (minus cost of machine harvesting and transportation) is 
paid to foremen,  carpenters, blacksmiths,  and others in the village who hdp farmers. 


