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Chapter I
 

INTROIOTION
 

The Problem 

Thailand is a Kingdom approximately the size of Prance lying 

in the center of the Indochinese peninsula. The populatiol1 in 1970 

was over 37 million and is increasing by about 3.2 percent per year.
 

In common with most less developed nations, Thailand has a rapidly
 

increasing and predominantly rural population with the vast 

majority of agricultural production undertaken by small scale family 

farms located in well defined villages units.
 

Major efforts toward development of the agricultural sector
 

have been directed towards rice and upland crops. Uncertainty regarding 

long-term export demand for these comodities has produced a shift in
 

emphasis towards the expansion of cattle and buffalo (hereafter referred 

to as bovines) production as a major goal of the agricultural sector 

(18, p. 54). Historically, bovine production has lagged behind the 

growth of the agricultural sector as a whole which in turn has lagged 

behind the growth of the general economy (Table 1 . 1.). Efforts to build 

up the national bovine herd must take into consideration the multiple 

roles or functions presently performed by large animals in Thai villages. 

These roles include use as draft animals, a form of capital accumulation, 

and the production of meat. 

Delineation of multiple roles within an economic framework 

is necessary in order to (a) analyze the nature and severity of 
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Table 1.1 Index Numbers of Selected Economic Indicators in Thailand, 
1950-1966. 

Index of
 

Per Capitab / Cattle a/ Buffalo 
Year Value, All Cropsn/ Income Population Population 

1950-1953 100 106 100 100
 
93 104
1954 96 107 

1955 129 128 110 110 

1956 139 131 104 108 

1957 139 128 114 108 

1958 142 129 115 119 
1959 154 137 116 124 
1960 194 152 119 125 
1961 211 155 115 125 
1962 201 164 124 130 
1963 207 159 120 130 
1964 211 177 118 128 
1965 272 183 115 122 
1966 337 210 115 130 

a/ 1950-1953 = 100
 

b/ 1950 = 100
 

Source: 	 Agricultural Statistics of Thailand. 
1966 Edition. Division of Agricultural 
Economics, Under-Secretary of Agriculture, 
Ministry of Agriculture 
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restraints on expanded meat supplies for domestic consumption and
 

export earnings, and (b) assess the impact of emerging trends in 

mecha ization and meat consumption.l/ At the base of this problem of
 

role definition w~d analysis is an almost total lack of information 

relevart to the formulation of realistic bovine development policies. 

This gap extends from the economic functions that animals perform to 

the most basic technical data needed to assess village production possi

bilities. 

I1/ Chancellor (11) estimated that in 1968, 55 percent of total land in 
annual crops was being plowed by tractors on a single pass basis. 
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Review of Previous Research 

A recent study conducted by the Asian Development Bank (2) 

summarized the problems and prespects of the bovine industry in general. 

Factors favorable to bovine production included land, water, favorable 

climate, a large and well distributed population of indigenous animals 

and a large population of experienced farmers. Constraints were listed 

as (a) ineffective pest and disease control, (b) poor nutrition and 

overgrazing, (c) lack of suitable pastures, (d) substandard husbandry, 

(e) inbreeding, (f) theft, (g) inefficient marketing, and (h) restric

tive legislation limiting tile classes of animals which may be slaughtered 

and the choice of facilities available for slaughtering. 

A cattle breeding and raising project was formulated to over

come some of these obstacles. Evaluation of such a project is severely 

handicapped by a lack of information on the severity of the constraints 

listed above, the resulting improvements in efficiency from relieving 

one or more of these constraints, the efficiency levels of existing 

production systems, and the rate of return on existing livestock pro

duction -- utilization systems. The percentage return on invested 

capital for the proposed cattle breeding and raising project was 

estimated as 9.5 percent per year. Yet no information was available 

to allow comparison of tnis rate with existing rates of return to 

bovines at the village level.
 

Methods for evaluating the technical and economic performance 

of bovine production have focused on only one particular aspect at a 

time. A framework for estimating draft animal demand in India vas 

developed by Sethuraman (40). The capital accumulation role and its
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place in traditional societies has been examined in Thailand by
 

Nakajud (34) and Bhannasiri (5), in India by Singh and Parnekar (42), 

Whyte (45), and Harris (19) and in Africa by Deshler (12) and ScIneider 

(41). Those studies indicated the presence of economic forces under

lying traditional methods of cattle production ahd herding.
 

Technical aspects of buffalo production were examined briefly
 

by Bhannasiri (5)and Buranamus (9). 
 To date, the only comprehensive 

study of village level production systems was that of Rufener (39) car

ried out in Northeastern Thailand. Rufener's study identified existing
 

productivity levels and problems for bovines in small scale village pro
duction units. In most instances, however, the results were not used
 

in the evaluation of the economic performance of bovines as draft power, 

capital accumulation devices ard sources of meat output. 

Identification of factors limiting livestock development may 
be clarified by looking at farming systems rather than separate com

ponents of the system (31). 
 The procedure of looking at a system of
 

interactions is often used in studies of animals. 
Geographers, anthro

pologists, and recently, zoologists, have examined the role of animals 

as components of a system  the system being cultural, biological, or
 

environmental in nature (17, 35). The United Nations Indicative World 

Plan concluded that the great diversity of livestock enterprises found 

in the developing nations precluded recommendations for simple measures 
to improve their performance (15). Thus the economist must formulate 

his model to take account of the interactions -- both technical and
 

economic  in an attempt to identify constraints and resulting policy 

implications. 
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The two types of domesticated buffalo are the swamp buffalo 

and river buffalo. Swamp buffalo are distributed throughout Southern 

China, Southern Asia, the Philippines, Indonesia, and parts of the 

Indian sub-continent. River buffalo are found in India, Pakistan, 

Egypt, the Liddle East, and Southern Europe (29). The present family
 

(Bos bubalis) is descended from the wild buffalo (Bos arni) native to 

Southeast Asia. The average weight of a swamp buffalo is 500 and 400
 

kilograms for male and female, respectively (9, p. 3-4). Dressing 

percentages are low, ranging from 35 to 48 per cent (47, p. 261) with 

the latter figure generally used for estimation purposes in Thailand. 

sexual maturity is reached at about three years of age under 

village conditions. Gestation is 325-330 days. Altnough several breeds
 

of river buffalo are commercial milk producers (42), the swamp buffalo 

cows are barely able to sustain their progeny (9, P. 5). Reproduction
 

rates per time period are generally low under existing management levels. 

Slow maturity, a long gestation period, castration of all animals but
 

those unfit for work, short periods in heat and difficulty of heat 

detection all make high turnover rates difficult to achieve. These 

disadvantages of buffalo are offset by their efficiency in utilizing 

low quality forage (27). 

Origins of Thai native cattle are unclear. Great heterogeneity 

exists among the important characteristics of size of hump, length and 

erectness of ear, color, dewlap, navel and animal size. Mason (29, p. 82) 

classifies them as Zebu in breed and originating in Northern Malaysia. 

Rouse (38) describes them as nondescript, humped animals. The influence 
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of American Brahman bloodlines is now pronounced in certain areas.
 

The composition of Thai cattle is best described as a mixture of zebu
 

(Boa Indicus) and shorthorn (Boa brachyeeros) types (47, P. 140).
 

Gestation varies from 275 to 287 days depending on the 

breeds. Heat periods occur at 21-24 day intervals and are often very 

short for tropical breeds. Weights are lower and dressing percentages 

higher than for buffalo but are also more variable. Weights of native 

cattle seldom exceed 350 kilograms. Dressing percentage averages about 

551 (8, p. 2). 
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Objectives
 

The multiple role of bovines in Thai villages raises problems
 

in the formulation of policy objectives to expand this sector of the 

agricultural economy. Given these problems, the overall objective of
 

this thesis is to specify and analyze the technical and economic con

straints on the expansion of cattle and buffalo production in selected 

case study villages in Thailand. The review of previous research has 

shown that there is little information available on livestock produc

tion at the village level. Specific objectives of this study therefore
 

reflect the need for both an accurate description of small scale village 

production and an analytical framework for applying the results to 

specific development programs. 

Specific objectives are:
 

(1) To describe village crop production.
 

(2) To describe village cattle and buffalo production.
 

(3) To test the economic efficiency of village crop, cattle 

and buffalo production. 

(4) To define the relationship between the multiple uses of 

bovines as providers of draft inputs and producers of direct income
 

through animal sales, and, once defined, quantitatively estimate the 

relationship. 

(5) To estimate the severity of major technical and economic 

constraints on cattle and buffalo production and suggest methods for 

alleviating the constraints. 
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Procedure
 

Village bovine production in Thailand is usually part of a 

food production - utilization complex. Crop production and the resulting 

utilization of crop residues thus play a major role. For this reason, 

a study must cover a full crop production cycle. Villages were chosen 

to represent major crop production systems since tnese logically 

influence the livestock production and utilizatioz system present.
 

Village selection proceeded in stages.
 

Livestock producing regions were delineated using the Depart

ment of Livestock Development's classification. Map 1.1. outlines the 

regions and their shares of bovine population in the Department's 1965 

estimates. Travel considerations of the researcher ruled out the 

North, Peninsular, and South regions for inclusion in this study. 

One village was selected in each of regions IV, VI, and VII. 

Village selection criteria included (a) the presence of both cattle 

and buffalo, (b)a major cropping system represented, (c)some mechani

zation present in at least one area, and (d) adequate variations in herd 

parameters, such as age-sex ratios. 

Village selection began by consultations with Changwat (province: 

and Amphur (District) Livestock Development Department officials. 

Villages which adequately represented the cropping patterns, yields, and 

input usage of that region were identified. Those of manageable size 

for this study (100 families or less) were then visited to explain the 

study and solicit cooperation from the village headman and village 

families. Village selection decisions were made after initial trial 

inventory work established that the selection criteria were met. Data 

collection proceeded in three stages. 
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Figure 1. 1. 

DEPARTMENT OF LIVESTOCK DEVELOPMENT'S 

LIVESTOCK REGIONS IN THAILAND 

V Noorrthorhes 

Upper Centra Norh Nothas.

art Animal Population 

Distribution By Regions : 1965 

II East REGION CATTLE % BUFFALO % 

I 188.734 3.7 561,607 8.4 

II 152,046 3.0 464,643 6.9 

111 1.166.963 22.9 1,480,750 22.1 

IV 1,133,014 22.3 1.823,343 27.3 

V 634,677 12.4 679,104 10.1 

VI 400,091 7.8 856,881 12.9 

VII 725,041 14.2 276,995 4.1 

VIII 227.022 4.4 303,847 4.5 

IX 476,266 9.3 243,953 3.7 
TOTAL 5,103,854 100 6,691,103 100 
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Initial Inventory 

An initial inventory of village crop and livestock production
 

resources was carried out during March, 1970. 
Information was collected
 

on all farmers in the village and included data on land use and location, 

1969-1970 crop yields, family members and their occupations, bovine
 

numbers, uses and characteristics, bovine production practices, estimated
 

values, and animal measurements, when possible. Initial inventory was 

followed by selection of a random sample of faraers to participate in
 

a year long study of lanu use, crop production practices and livestock
 

production practices.
 

Lonthly Visits
 

Beginning in April, 1970, each sampled farmer in each case
 

study village was visited once a month for twelve months. Sampled farmers 

were given simple input recording forms to keep records of labor alloca

tion by month plus cash expenses. These records were revised and updated 

each month during the field visits. Crop data collected on a monthly 

basis included lauor and draft hours used per crop, other inputs used 

including cash costs plus crop yields, sales arid prit:eo. Bovine datu 

included grazing labor usedareas, for grazing and fodder gathering, 

births, deaths, sales, purchases, andprices, any other transactions 

reflecting a cha,,ge in herd numbers. 

Final Inventory
 

During the last of the twelve monthly visits (Larch, 1971) all 

of the farmers each of the threein case study village," were again inter

viewed. 
Crop production data were summarized for the entire village, a
 

five year cropping history of each farmer was obtained, village grazing 

pattens were ascertained, each farmer's bovine inventoriedherd was and 
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all changes in animal numbers were accounted for. 

Three sources of data were used in the research reported in 

the following chapters. The first was that from the sampled farmers 

who participated in the twelve monthly visits and represents the data 

used in the analysis of crop production and resource productivities. 

The second source was from all farmers in the village who participated 

in the initial and final inventories. This included those sampled and 

those not sanpled. Those data were used in analysis of village bovine
 

herds, village land resources, and carrying capacities. 

The third source of data was from additional survey work car

ried out in November, 1970. As data collection progressed in the case
 

study villages, it became apparent that data on aninial sizes, animal 

prices, herd compositions, birth and death rates, and village carrying 

capacities were, in some cases, inadequate for reliable estimates of herd 

performance. Therefore, additional survey work was carried out in the 

Nortneast and Central Highlands regions where data were most urgently 

needed. The data on animal size estimated by tape measuring and 

animal prices in actual transactions were judged to be reliable and 

comparable writh the case study villages in the respective regions. 

These items were pooled with case study data in obtaining certain 

estimates in Chapter IV, where noted. The other desired estimates were 

judged to be unreliable when collected by single survey procedures and 

were not used in any estimates that follow.
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SPecial Concepts Used in This Research
 

The readers of this thesis may 
include economists who are not
 
familiar with certain concepts used in animal production and animal sci

entists who are not familiar with certain concepts of economics. There

fore, the concepts in botn disciplines that form important parts of the 

analysis that follows are now briefly defined. 

Biomass 

For certain procedures it desirable to obtain estimateswas of 
herd size independent of animal numbers or animal type. The standard 

definition of one animal unit equal to one mature animal was inadequate 

since animal size varies greatly between cattle and buffalo and between 

villages for cattle, in particular. Therefore, the concept of biomass
 

was used. Biomass is simply the weight of 
a mass represented by live
 

animals at a point in 
 time. This research uses total kilograms of the
 

animal category under study the
as measure of biomass. The measure of
 

animal unit 
used in thxis research is a direct function of the biomass
 

represented as arijmal units (AU) 
 = Biomass in kilo&rar.: .
 

500 kilograms
 
Thus one animal unit represents one animal of 
500 kilograms or 1100
 

pounds liveweight. In actual 
practice, this approximated the weight 

of a mature water buffalo. It is recognized that the biomass procedure 

does not adequately adjust for differences in nutritional requirements 

which are not a direct function of animal weight such as the increased 

energy required for draft animals or lactating females. Thus results 

using a simple measure of herd weight without consideration of functional 
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The measure is adequate,
differences may bias the results somewhat. 


of carx:7ing capacity, herd accounting,however, for the calculations 

and meat offtake estimates used.
 

Reproduction Rates
 

Birth rate is the most commonly used indicator. It is generally
 

is the herd reproduction rate, which is 

formulated as the t, ' number of live births divided by the total number 

of females capable of reproduction. For this study, all female animals 

four years and older were included as the denominator. A related measure 

a function of birth rate and 

herd composition. It is defined as the total number of live births 

total number of animals in the herd (excluding the livedivided by the 

births). It represents the net addition to tne total herd from births 

and indicates the ability of a herd to reproduce itself at present birth
 

rates. A third measure of reproduction is herd reproductive capacity 

which is the herd reproductive rate assuming a 100 percent birth rate. 

the herd to reproduce itself. ForThis represents the potential of 

example, the reproductive capacity of a herd composed cliefly of cas

trated males used for draft purposes may be inadequate to maintain the 

size without annual purchases of replacement stock.herd at its present 

Animal Production Technology 

the villagesEvaluation 	 of levels of technology existing in 

of improved productivity required a classificationand possiule sources 

of livestock production technology. The classification developed for 

this research is outlined below in Table 1.2. 

Efficiency
 

Two types of efficiency are relevant for this research. The 

first is allocative efficiency. Two versions of this concept are used 
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Table 1.2. Sources of Increased
 
Bovine Productivity Through


Production Technology
 

I. Genetic Improvements
 

A. Cattle
 
1. Exotic or crossbred males
 
2. Exotic or crossbred females
 
3. Artificial insemination with exotic or 
crossbred semen

4. Superior animal selection within own herd
 

B. Buffalo
 
1. Superior animal selection within own herd
 
2. Superior breeding animals imported into herd
 

II. Nutritional Improvements
 

A. Grazing
 
1. Improved grass and legume species

2. Fertilizer and crop rotations to improve fertility levels
 
3. Controlled grazing
 

B. Supplemental feedstuffs
 
1. Manufactured (mixed) whole ration feeds
 
2. Manufactured supplements

3. Stored roughages

4. Purchased concentrates
 

III. Animal Health Improvements
 

A. Prophylactic measures (serums and vaccines)
 

B. Therepentic measures (antibiotics, warming, dips, spraying)
 

C. Regular veterinary inspections
 

IV. Animal Housing and Management
 

A. Structures
 
1. Climatic protection
 
2. Predator protection
 

B. Feeding and watering facilities
 
1. Feed waste prevention
 
2. Continual availability
 
3. Feed and water sanitation
 

C. Other labor saving devices
 

D. Production evaluation techniques
 
1. Input records
 
2. Output records
 
3. Breeding records
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The first version examines input allocationin tlhe following chapters. 

in crop production; the relevant measure is equality of marginal value
 

The second version examines theproducts to marginal factor costs. 

bundle in producing two products; the relevantallocation of a resource 

measure is equality of marginal rates of transformation to relative 

product prices. 

The second type of efficiency examined is technical efficiency.
 

Measures of technical efficiency are related to differences between
 

actual and technically feasible output levels at given input levels. 

Firm output levels depend on how close they are to obtaining maximum 

outputs, feasible from a technical point of view, from a given configu

ration of inputs.
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Rate of Return 

Bovine production is analyzed as an investment. Consequently
 

enterprise evaluation over time requires computation of a rate of return. 

The production -- utilization pattern is characterized by distinct 

periods of expenseu a.d of revenues. By summing yearly expenses and
 

revenues a vearly net cash flow car, be computed. The initernal rate of
 

return is used for analysis of these cash flows 
over time and is equal 

to the rate which equalizes discounted positive and negative cash flows 

over time. This measure represents a rate of return to the investment 

from its inception.
 

Village
 

Decision making units in economics are typically defined as
 

households and firms. For most Thai agricultural production decisions, 

the househola is tie relevant unit. The household has under its control
 

a bundle of resources in the form of 
land, labor, draft animals, capital 

goods, seeds, and managerial ability. These resources are trien allocated 

among various crops and work tasks to produce crops. For certain 

periods of" the crop production process, tae decision making unit may be
 

expanded to include kin group participation and other forms of shared, 

voluntary labor (6, 32). This expands production only on a limited 

scale. The widespread practice of communal grazing ana the use of
 

communal pastures in Thai villages expands the decision making unit 

relevant for livestock production to the level of the village. The well 

known (by the villagers) boundaries of each village thus define the 

available livestock production resources since seasonal migration of
 

animals and the importing of a.imal feed sources were very seldom 
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practiced. This implies that importing resources from outside the village 

boundaries is possible only through commercial transactions of animals, 

not through shared or communal use of resources with other villages. 

Method of Planting Rice ard Type' of Rice 

Rice grown by transplanting is first sown in a nursery 

two to four weeks prior to transplanting. The main fields are plowed 

and puddled as sufficient vater becomes available. The seedlings are
 

then uprooted and planted individually in rows in the prepared fields. 

For broadcast rice, the fields are plowed once or twice prior to heavy
 

rains. 'When the farmer judges that sufficient rains are forthcoming, 

seed rice is broadcast by hand on top of the plowed ground where it
 

sprouts. 

Glutinous rice is non-translucent and becomes sticky when 

steamed or boiled. It is the staple food of Northern and Northeastern 

Thailand, Laos, and parts of Mainland China and North Vietnam. Non

glutinous rice grains are translucent and remain separated when cooked. 

This is the basic food of most of the rice consuming areas of the 

world and the type produced in the United States. 

Ratooned Crops
 

Some crop species have the ability to ratoon or regenerate
 

plant growth after the stalk has been severed. Sugarcane and sorghum 

are such crops. Sorthum was harvested by cutting off the heads; if 

moisture conditions were favorable, a second head of sorghtun would be 

formed on a new tiller. best results are obtained by cutting the 

sorghum stalk two to three inches above the earth. Similarly, sugarcane 

is cut close to the ground and proceeds to regenerate. The procedure
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is repeated several years in succession. Before the rootstocks 

were plowed under, a new set of cuttings were harvested for replanting.
 

Retting Kenaf
 

Retting refers to the process of separating the fibrous part 

of a plant from the woodlike stalk by soaking. Kenaf, a long fiber 

producing plant similar to jute, is processed by soaking the mature 

plants for seven to ten days until the fibrous outer layer slips off
 

the stalk. 
It is then washed, dried, and bundled.
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CHAPTER II
 

THE OASE STUDY VILLAGES 

Physical Characteristics 

Villages were selected in three of the six distinct physio

graphic regions in Thailand (33). All villages lie between 14028 , and 

16028 ' north latitude and 10000, and 1020901 east longitude. The six 

regions and the location of the three case study villages are shown in 

Figure 2.1. 

blapkhae village is situated on the eastern edge of the West 

Continental Highlands physiographic region and borders, but is not a 

part of, the Central Plains region. The West Continental Highlands 

consists of steep mountains along the Burmese border in the west des

cending to the flatter upland areas bordering the Central Plains. 

Liapkhae is generally flat and is located on recent alluvium soils raised 

above the valleu of the Suphanburi River. The rainfall distribution of
 

this region, shovm in Figure 2.2., indicates a marked increase in the 

6eptember-October period. Forty-two percent of the ycarly average of 

1,116 m.ra. occurs during these two months. This region was the driest 

of the three areas studied. Soils are low-humic gley and noncalcic 

brown on semi-recent alluvium. Productivity of these types is good with 

adequate water. Numerous sandy areas exist in this village, and scattered 

areas of mixed deciduous forest and bamboo thickets are common. 
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FIGURE 2. 2. MONTHLY RAINFALL AT SELECTED LOCATIONS 
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Non Som Boon village lies in the Northeast Plateau. Topo

graphy is gently undulating in tne upland areas and flat in the river 

bottoms. The river bottoms of the Chli River form the western boundary 

of the village. Low-humic gley and gray podzolic soils dominate this 

area but some village fields are in alluvial river bottom soils. The 

upland areas are sandy and well leached. Eighty-seven per cent of tie 

annual rainfall of 1,242 m.m. occurs in the May-October period. The 

normal pattern, shown in Figure 2.2., is a slight decrease in the annual 

monsoon rains in late June, sometimes extending into August. Natural 

vegetation consists of Dipterocarp forest, but most vegetation now
 

consists of savannah and shrub regrowth on cutover crop land. 

Nong Jek Lee is on the edge of the Central Highlands Region, 

an area characterized by gently undulating hills, low plateaus, gently 

sloping valleys and some steep rock out-croppings. Soils are grumosols 

and rendizas associated with limestone and basalt. The monthly distri

bution of rainfall at the Lopburi Station is given in Figure 2.2. The 

yearly average over the period was 1 ,369 m.m. with 84 percent occuring 

over the May-October period. Natural vegetation consists of mixed 

deciduous forests ascending into small savannah areas on the gentle 

slopes. Bamboo thickets and cocoanut palms are prevalent near household 

areas. 



Village Settlement Patterns
 

Mapkhae village is an example of the cluster pattern of village 

organization wherein a cluster of 4 to 6 houses (often consisting of
 

related kin groups) are arranged together with the clusters being scat

tered throughout the village. The western boundary is the Nakhon 

Pathom-Suphanburi highway, the major road in the west-central region. 

The village lies about midway between these two major commercial centers 

and 13 kilometers west of the Suphanburi River. Figure 2.3., shows the 

location of the village in the region. Figure 2.4., shows the approxi

mate land use within the village boundaries. Location of houses is not 

shown because they are scattered throughout the village area. 

There is one major rice area in the northeastern part of the
 

village, and other rice plots are scattered throughout the village. 

All rice fields are bunded and rainfed. The major rice area is primarily 

lowland rainfed and the other areas are upland rainfed. Limited areas of 

the lowland fields are subject to flooding by a stream which forms in 

the monsoon season.
 

6ugar cane is the dominant cash crop and rice is the predomi

nate subsistence crop. Other cash crops of importance are corn, sorghum, 

taro, sweet potato, and dryland vegetable crops consisting of chili 

pepper, eggplant and cassava. The cash crops are grown in the better 

drained upland areas, although the flat topography makes the upland

lowland demarcation unclear in many instances and results in some 

periodic drowning of crops in portions of these fields. 

The lowland rice fields are generally short on water and the 

rains often come too late to permit transplanting of all areas. Thus 

broadcasting of some or all of individual fields is common. Yellow-orange
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leaf virus has been severe in this area. This, coupled with inadequate 

rainfall for rice, has resulted in a series of rice crop failures. The 

areas of upland crops are generally too small to provide sufficient 

incomes and the proportion of families working as hired labor is 

substantial.
 

Non Som Boon village extends west to the Chi River lowlands 

and across the major North-Souta highway in the Northeast to the rail

roaa tracks. The houses are arranged in the nuclear pattern (all in one 

location) which is typical of the Northeast. Figures 2.5., and 2.6., 

present the village's location in the Northeast and a detailed map of 

land use.
 

The village is near two major commercial centers. Khon Kaen, 

which is also the provincial capitol, is about 14 kilometers north and 

Baan Phai, a major commodity assembly and shipment point, is 30 kilo

meters south. A Department of Livestock Development Station and the 

Northeast Agricultural Research Center, both under the Ministry of Agri

culture, are at Tha Phra, seven kilometers northeast. 

The cropping patterns uniform than those of theare more other 

two case study villages. Every villager grew kenaf as a cash crop. Ten 

others grew watermelon for cash sales. Forty-two of the 52 village 

farmers grew glutinous rice, all for home consumption. Crop rotation
 

follows the crop-fallow system for upland crops. Watermelon is occas

ionally double-cropped, but rice is not. 
Kenaf canmot be double-cropped
 

because of its long growing period. 

The lowland rice fields usually have adequate water for trans

planting and are planted every year. The upland rice fields are trans

planted if rainfall is adequate, otherwise they are left fallow. Often 
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these fields are partially planted, depending on rainfall conditions. 

Nong Jek Lee village is organized in the string pattern with 

houses paralleling the irrigation canal and road. The village is located 

witin a triangle of three major commercial centers served by all weather 

highways (Figure 2.7.). Barge transportation is available on the Chainat-

Pasak Canal and a railroad station is located at Takhli. The fields
 

span a transition area between the upland areas and the Central Plain 

region. The Chainat-Pasak Canal, a major irrigation structure eight 

years old, divides tie village and the upland-lowland areas (Figure 2.8.). 

Two distinct cropping patterns are evident. Households on the lowland 

side of the canal grow primarily lowland rice and some second crop peanuts. 

Those on the upland side usually have a field of lowland rice plus one 

or more upland fields of corn or sorghum, which are often second-cropped 

to mungbeans. 
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Village Cropping Patterns
 

The sample farmers in Mapkhae practiced a diverse set of 

crop combinations, as shovm in Table 2.1. However, rice and sugarcane
 

were predominant, as shown in Table 2.2. 
Rice yields were very low in
 

this village and rice prices were also low, so 
that 64 percent of the
 

area planted by the sample farmers produced only 7 percent of their income. 

Sugarcane represented the other extreme, with 23 percent of the area
 

producing 87 percent of the value of 
production. Village cropping
 

patterns were fairly stable 
over the past 5 years, except for sugarcane
 

which expanded rapidly. Part of the area for sugarcane expansion came
 

from newly-cleared land and part from a decrease in area planted to
 

sorghum.
 

In contrast to Mapkhae, sample farmers in Non Som Boon showed
 

little variation in their choice of crops (Table 2.4.). 
Again, however,
 

the proportion of the value of production from rice was considerably 

lower tla, the proportion of area planted to it (Table 2.5.). Distri

bution of village planted area among the three crops was relatively 

stable over the five years, with watermelon expanding rapidly during the 

past two years. 

Nong Jek Lee sample farmers also concentrated on three crops 

(Table 2.7. and 2.8.). The contribution of area planted and value 

produced from each crop were more nearly equal in this village than in 

the other two. Distribution of area planted to each crop in the whole 

village was fairly stable over the past five years (Table 2.9.). 



Table 2.1. Crop Combinations of 22 Sample Farms in 1970-71 in Mapkhae. 

Sorg., Taro, 
Crops Rice 

Only 
Cane 
Only 

Rice, 
Cane 

Rice, 
Corn 

Rice, 
Sorghum 

Rice 
S. Pot. 

Rice, Corn, Rice, Corn, 
Sorghum 3. Pot., Cane 

Corn, Sorg., 
S. Pot., Cane 

Eggplant, 
Cane 

No. of 
Farmers 3 4 1 1 2 

Tkble 2.2. Planted Area, Percent of Total Planted Area and Total Value, by Crop, of 22 Sample Farms 
in 1970-71 in Mapkhae. 

Crop Rice Cane Corn Sorghum S. Pot., Taro,
Eggplant 

Total 

Area (Rai)' 368 133 26 15 34 576 

% Total Area 63.89 23.09 4.51 2.60 5.90 100 

Total Value of 6.58 87.27 1.55 2.16 2.44 100 
Crops Produced 
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Table 2.3. Planted Area of Major Crops of All Village Farms, 1966-1970, 
in Mapkhae. 

Major Crops (area in rai) 

Year Rice Cane Corn oorghum 
S. Pot., Taro, Total 

Eggplant Crop Area 

1966 496 12 9 64 36 617 

1967 496 12 9 64 36 617 

1968 51, 12 9 66 31 637 

1969 498 82 15 55 33 683 

1970 512 132 22 24 34 724 

1970 7072 18.23 3.04 3.31 4.70 100 
of to tal3.14710 

Table 2.4. Crop Combinations of 26 Sample Parms in 1970-1971 
in Non Som Boon.
 

Crop Kenaf Rice, Rice, Kenaf,Combinations Only Kenaf WIatermelon 

Ito. of Farmers 
 1 15 10
 

Table 2.5. Planted Area, Percent of Total Planted Area and Total
 
Value, by Crop, of 26 Sample Farms in 1970-71 in Non 
Som Boon.
 

Crop Rice 
 Kenaf Watermelon Total
 

Area-rai 
 322 336 
 62 720
 

% Total Area 44.72 46.67 
 8.61 
 100
 
% Total Value 18.21 69.67 12.12 100
 

of Crops

Produced
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Table 2.6. 	 rmnted irea of IFajor Cropun of Al] Village Paris in
 
1966-I't70 in 'on Som "loon.
 

Total Area'T;ajor Crops (rai) 	 f )f 

Year Rice IKenaf ,Watermelon'" Crops
 

1J66 573 531 0 	 1104
 

1967 573 550 0 	 1123
 

1968 571 577 5 	 1153
 

1969 574 557 37 	 1168
 

1970 563 5j1 66 	 1220
 

197,,
 
total area 	A6.15 48.44 5.41 100
 

(1) Watermelon totals are the sum of early and late crops. 

Table 2.7. 	 Crop (;ouinatio..s of 36 3anple Farms in 1966-1970 in Hong 
Jek Lee. 

Crop Rice Rice, Rice,Corn Rice, Corn Corn Corn, 
Combinations Only Cor iungbean Sorghum Only lKungbean 

No. of Farmers 8 2 23 	 2 0 1 
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Table 2.8. Planted Area, Percent of Total Planted Area and Total Value,

by Crop, of 36 Sample Farms in 1970-1971 in Nong Jek Lee. 

Crop Rice Corn Sorghum Llungbean Total 

Area (rai) 1014 428 
 11 
 334 1787 

Cjo of Total Area 56.74 23.95 0.62 
 18.69 100
 
of Crops Produced 

0! of Total Value 51.64 35.02 
 0.11 13.23 100
 
of Crops Produced
 

Table 2.9. 
Planted Area of Major Crops of All Village Fana in 1966-1970
 
in Nong Jek Lee.
 

Major Crops 
 Total 

4reas 
Year Rice Corn Sorghum Idungbean Peanut in

Cro~ps 

1966 1603 694 
 0 556 
 38 2891
 

1967 1623 685 0 
 556 38 
 2902
 

1968 1625 
 732 0 
 623 
 41 3021
 

1969 1664 
 788 
 0 658 
 54 3164
 

1970 1608 730 
 11 649 
 50 3048
 

1970% 
total area 52.76 23.95 
 0.36 21.29 1.64 100
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Village Cattle and Buffalo Ownership Patterns 

The patterns revealed in Figures 2.9. and 2.10. illustrate
 

the diversity of cattle and buffalo ownership patterns among the three 

villages which reflect a combination of animal use patterns (analyzed
 

in Chapter's III and IV) and the availability of resources for 

production (analyzed in Chapter IV.). Draft use patterns indicated a 

maximum of two to three buffalo or four cattle per farm necessary for 

power requirements. Herd sizes in excess of these numbers indicated 

production of animals for sale. 

Mapkhae had few cattle owners but generally large herds. 

The ovmers used two to four males for power, the remainder of the herd 

was replacement animals and breeding females. Larger herd sizes were made 

Possible by large area., of unplanted land. In Mapkiiae, sixty perceat 

of all cattle producers had herds larger than ten animals. Buffalo
 

holdings, on the otner hand, indicate smaller herd sizes and a smaller
 

surplus of ai.imals for herd replacement purposes. However, buffalo
 

cows were often used for draft purposes while cattle cows were not, so 

the cattle breeding herd necessary to provide replacements had to be 

larger. No buffalo producers had over seven animals. Only twenty-four 

of the forty farmers in Mapkhae owned animals. This was a result of 

three factors: (a) tractor plowing making possible some elimination of 

the draft animal function; (b) manual labor being used extensively on 

upland crops; and (c) no cart hauling being used. Trucks hauled the 

large volume of sugar cane while hand and bicycle transportation handled 

the generally small volumes of the other crops. In Non Som Boon, cattle 

ownership was restricted to nineteen percent of all villagers. The 
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apparent reasons were (a) resource restrictions in tie form of a heavy
 

buffalo uiomass on a heavily cropped village area, anu (u) large capital 

costs for starting a cattle-producing enterprise because of higa prices 

for Brahmin crossbred cattle prevalent in the area. Sinue cattle were
 

not used for draft purposes in Non Uom Boon, all ten producers were pro

ducing for sale purposes. The village had almost universal buffalo 

ownersnip and those not owning uuffalo rented or sorrowed them. 'later 

cuffalo were the ceast of burder. and breeding was a secondary enterprise. 

Nong Jek Lee cattle ownership patterns parallel those of l-Ton 

jom Boon for buffalo (about 60" of all farmers holding two to four head) 

reflecting tue prevalent draft power use patterns in each village. The 

lack of buffalo in ±iong Jek Lee is striking. A marked preference for 

cattle as upland power plus long distasces from tie housing areas to 

suitaule buffalo wallows was responsible. In Nong Jek Lee, 94 percent 

of the farmers haa 2 or more cattle, even t.,ougu the availability of 

tractor hire services was readily available. Cattle were a valuaUlo 

input in crop production and mot farners still kept teiem. The small uuf

falo herd was for supplementing cattle power in rice fields and were 

always kept in addition to tne farmers' cattle. 
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Chapter III 

CROP PRODUCTION 

Crop Production Practices
 

MTapkhae 

The diversity in rice preparation procedures in MapkJlae was 

due primarily to the uncertainty of rainfall. Farmers who used 

tractor services for plowing began in April, w1ile thoce using cattle 

then waitedor buffalo began in late May or early June. The farmers 

for enough rainfall to begin transplanting. By July, 1970, the fields 

still were not adequately flooded for transplanting so tne fields were 

plowed a second time by animal power and planting began. W'hen the 

heavy rains came, the areas not already broadcast were plowed a third 

time, harrowed, and transplanted. This was not finished until late 

September oy which time the seedlings were so old tillering was reduced. 

Several farmers never planted ti.eir rice fields. 

Of the seventeen rice farmers sampled, seven initially plowed 

by tractor, seven by buffalo, and three by cattle. Although every farmer 

planted a portion of his land to broadcast rice, it was never done 

immediately following the first plowing by tractor, but the fields were 

always replowed by animals prior to planting. Weed growth arid soil 

compaction occuring between initial plowing and planting time necessitated 

replowing. 
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Other production inputs were not used. The broadcast rice
 

could not be weeded by hand and the transplanted fields did not require 

weeding as puddling the soil prior to transplanting achieved adequate 

weed control. Fertilizer and insecticides were not used on rice.
 

Rice harvest began in late December. The mature rice was cut
 

by hand, bundled, and carried from the fields to the household areas by 

hand using sharpened bamboo poles extended across the shoulders. Thresh

ing was by cattle or buffalo treading only. Winnowing was by machine. 

These simple methods were feasitble because of the generally small size
 

of the rice harvest. Carts, trucks, or tractors were not used for hauling.
 

Sinue the fields were often one-half to one kilometer from the homesteads,
 

hand hauling of a large crop would be impossible. Another reason was tue 

lack of time constraints on other crops. Most sugar cane harvesting did 

not begin until January, and the harvest of other crops was finished be

fore rice harvest began. Thus the opportunity cost of labor involved ir 

hand transportation and cattle threshing was not hig. 

Sugar cane production was controlled by a factory quota oystein. 

The sugar mill which allocated production quotas in IMapkhae was located 

in Kanchanaburi. The mill had a number of factory representatives who 

each received a production quota for a producing area. The factory 

representative for the area containing Mapkhae was a wealthy woman from 

a neighboring village. Her functLons were to (a) allocate quotas to each 

village in her area, (b) allocate quotas to individual farmers witiiin 

each village, (c) set harvest dates, (d) arrange for the provision of 

cane cuttings for planting and tractor services, and (e) provide credit 

as needed md collect the debt plus interest at harvest time.
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Sugar cane production practices depended on whether the 

cane was newly planted or ratooned. Seven of the ten cane farmers had 

some or all new plantings and three had only ratooned cane. The normal 

procedure for new plantiYgs was field preparation beginning in April. 

The land was plowed twice by tractor using the standard disc plows. Then 

the fields were ridged by removing every other disc from the plow. Animal 

power was not used at any stage of sugar cane production. 

Planting was done by cuttings from ratooned fields, one rai 

of cuttings being adequate for four rai of new plantings. Large labor 

forces were mobilized for setting the cuttings and for later cultivations 

by hoe. Setting continued into May and band cultivation began immediately 

and continued into September. Fertilizer was applied during this period.
 

The second and third year ratoon crops of cane required only cultivation
 

and fertilization. 

In 1970, cane cutting in Thailand began November first. The 

factory representative set cutting dates in Ilapkhae. The two and three
 

year old fields were cut first, followed by new plantings which could be 

harvested in 111arch or April. Cutting, bundling, and loading on trucks 

were all done by hand lauor. Cutting in this village began after rice pro

duction and major labor shortages were avoided.
 

The magnitude of cash outlays for cane production, particularly 

in the first year, was usually greater than the farmers' ability to 

meet them. In these cases, the factory representative would pay for 

plowing, cuttings, labor, and truck hire. Fertilizer was provided by 

the factory. As the individual farmer's cane was sold, these expenses 

were deducted and if all cash costs were paid by the factory represen

tative, a ten baht per ton interest charge was also deducted. At the 
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1970-1971 cane prices, this was 7.31/ 
per ce. t interest per year.
 

Corn and sorghum production Procedures were similar for the
 
first crop after which the corn farmers raised a second crop of corn or 
sweet potato while sorghum farmers continued with a ratoon crop o: sor
ghum. Tractor plowring was done by all farmers in April, followed soon 
after by hand planting using hoes. Cultivation was in July and August 
and was also oy hai d. Harvest begar. in August and reql.ired little hired 
labor as areas tuca yields were small. Three fanners in each group 
aired tractor shellers. Transportation to tj&e nerchantc on the higliway ;a. 
by hand or bicycle. AniLmals were not used in a y stage of the production 
process. The second corn crop was replanted LT'ediatel, after t.ie first 
oy hand mettods, cultivated by hoe once in Jepteirber a d harvested in 
i'ovember using the same procedure as the first crop. After the first 
sorghum crop was harvested, a ratoon crop was grovz. so animals had to be 
kept from tae fields. Tne ratoon crop was smaller but required only har

vesting and threshing inputs. 

oweet potatoes aid taro, planted as a first crop,, followed the 
same patterns. Plowing was by tractor in April, plantin Dy haild il May
 
or June followed 
 by hoeing continuing into Scptemiiber aria October. harvest 
begai, in December and proceeded into February. The plants ware dug ul by 
spade and transported Iv basket to cheds vhere they were cold. Potatoes 
following corn did not require replowing but were planted by hoe in tie 
corn stubole in August or '3eptember. Cultivation continiued througa 
:Nove. ber and harvest began in Feuruary. The entire cor,: fields generally
 

were not renlanted to 
sweet potatoes. 

1/ This rate is not an adequate reflection of capital costs oecaune 
moot of these expenc:es were carried orly a fraction of tne crop year.
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Dryland vegetables were a small proportion of total cropland. 

Their input sequence followed that of potatoes and taro with initial 

tractor plowing, hand planting, cultivation, and harvesting. 

Table 3.1. summarizes the major input categories and output 

levels for major crops grown inMapkhae. 

Crop budgeting and production function analyses are presented 

following the descriptions of the other two case study village crop 

production systems. 



----------------------
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T'able 3.1. ,uiary Ieasures of lajor Crop Input and Output, 1970-'71 Crop 

:Season, Blaplchae, Thailand. 

I ten Unit Rice Cori Sorg.um Ougar Vegetaoles / 
Cane 

per rai 
Yield kg. 44 267111 --- .14la.t.......... 
 8.22 ---

Value baht 
 31 108 26j 1,125 129
 

Lauor hours 
 38.1 93.2 169.1 30o.9 351
 

Animal Power hours 20.4 0 0 0 
 0
 

Cash Cost (a) baht 18.8 19.3 49.6 475.5 A1.5
 

Crop Capital balit 8.3 5.7 
 7.1 1.7 15.2
 
Charge (b)
 

Land Rent (c) baht 47.6 62.5 43.6
50.0 104.5 


------------ per fariner who pla .ted tLhis crop----------


Area Planted rai 21.7 6.5 
 3.8 13.3 6.2 

Cane-Olo rai 8.1
 

Cane-New rai 5.2 

Fo. of Parmers 17 4 4 10 5 

(a) Includes tractor nire, truck hire, fertilizer, and shelling costs. Excludes 

hired labor.
 

(u) Capital assets times a 15/ di:icount rate plus a depreciatioi clarge. Thiu 

sui was allocated proportionately to crop areas and multiplied by the fraction
 

of the year the crop was grown. 

(c) Average land rent by crop time in 1970-1971 crop year at village rental rates. 

(d) Sweet potato, taro, and eggplant only. 
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Non Som Boon
 

Rice field preparation began in June with the plowing and 

sowing of nursery fields. Main fields were initially plowed in July 

and August when the fields were sufficiently wet. Buffalo were used 

exclusively for all field work in this village. Both males and females 

were used aid work rotation of animals was common, one working in the 

mor.iing and another in the afternoon. 

The second plowing, harrowing, and transplanting started in 

late July or August depending on the location of the field. Transplanting
 

started in late July or August depending on tiie location of the field. 

Transplanting was completed in September. All fields with enough water 

were tra.:splanted and fields with insufficient water were not broad

cast but left fallow, and were grazed if access was available. Weeding
 

and water control work after transplanting were not common and fertilizing 

and spraying were not done.
 

Harvesting began fron October to late November, depending on the 

planting date and varietal maturity. No fields were finished before 

December. Rice was harvested standing upright and was laid in bunches 

on the stubble. Ao each field was completed, tne bunches were gathered
 

and bound into bundles. The bundles were then hauled by hand to the 

central threshing floor serving a group of farners where they were stacked 

until all fields were done.
 

Threshing was done by hand exclusively. Northeastern Thai 

customs prohibit animals or wo. en from rice threshing. The bundles were 

squeezed between two sticks bound by thongs at one end and slapped on the 

pile of threshed paddy. Threshed paddy was transported to the storage 
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sheds o.- truck. Depending on tne size of the crop, one or two trips were 

made from tie field to the house. The paddy was loaded and unloaded by 

5 gallon water cans. The remaining space in tne truck ued was loaded 

witn rice straw ror stacking at the house. The uala ce, if a.y, 

remained at the tareshing floor. 2he trucIR hauling procedure speeded 

u. t..e harvesting sequtei.ce a d perjUitted easy hauling oz the bulky 

ri(e straw. Kenaf cutting coulu then proceed soouiev. 

Kenaf production procedue:.; were similar for all sa-pIled 

farmers. Field .'reparatio preceded that of rice. Tne same tillage 

i:.pleme. ts were used. The initial plowin was follo.:eL Ly broad,azt 

light 1 to :loiL 

in A:1ril or early .lay and 

seeding and tLe. a r-o,*ing cover tie seea.--. e,_a. 

was done before June. .2roaacasting ar.d 

harrowing folloa;ed immediately. SIhen the plant;; reached 4 to 6 irncite:: i. 

heig..t, naa cultivation ana thi,.nirg began a; a continued thro,,gI. July. 

This ";as tie last input util cutting bega,. after t..e completion of rice 

harvest in I:ovember and December.
 

Cutiing begaL. wihen tne plants turned red, aceu pods w.ere
 

fully formed, and t.ie leaves had fallen. The stalks were cut indivi

dually, bound into bundles of twenty to tiirty plant:s, and slocked ,xtil 

hauling began following transportation of the padd,,. The shockc .:..-es 

were loaded on the trucks by the farmer and exchange labor. One truc,:

load contained auout 700 to 8U0 uundles. The, were Lunloaded on the river 

bluffu by slings. Jtetting was done exclusively at the Chi River, giving 

tnese villagers a quality advai tage in that fresh "iater was continuously 

available. Iost Northeastern villages arn dependent on ditches and 

ponds whose water supply is limited and the n,agnwt water soon reduces 

fiber quality. 

http:sequtei.ce
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After unloading, the bundles were again shocked to await 

retting. Retting proceeded in batches, with the size of the batch
 

depending on the family and hired labor available, but usually was about 

one truckload. The bundles were hauled down the bank, lashed together 

into a raft, ana sunk in the river by piling dirt on top of the raft. 

After ten to fourteen days, the raft was brought to the surface, hauled 

to shore, and fiber separation began. The fiber from a bundle of 

stalks was gathered in one hand and simultaneously pulled upward and 

off the core. The fiber was then folded and put in tie river to soak 

until the batch was finished. After soaking, the small fiber bundles
 

were washed in the river and hung to dry on bamboo drying racks for two 

days. Finally, the fiber was folded and tied into 200 kilogram
 

bundles to await sale. 

Watermelons were grown in two seasons. The early season was 

fron April to June and the late season from September to December. 

Three farmers grew two crops in 1970. The other seven raised only the 

late season crop. Ielons required purchased inputs consisting of seeds, 

spray, fertilizer, and hired labor. Tractors were not used for plowing 

as the fields were small enough for buffalo plowing. Tractors were not
 

used for plowing as the fields were small enoughi for buffalo plowing. 

Tractors were used in neighboring villages, however, for the plowing of
 

larger melon fields. Plowing for the early melon crop began in April. 

The soil was still dry, but melons were grown on sandy soils so buffalo 

plowing was possible. The planting and fertilizing were done in May. 

Initial fertilizing often included applica'Lioas of buffalo manure; 

this was the only instance manure was used in any of the case study 

villages. After the plants were large enough, hana hoeing and spraying 

began. The first crop was ready by June. Melons were harvested by the
 

farmer for sale at his home or sold unharvested in the field.
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The second crop was planted the following October. Plowing 

was done during olack periods throughout the summer for the double crop 

fanners. The single crop farmers began in September and October, and 

did not fertilize. Planting was followed by cultivation and spraying 

in October and November. Harvest began early in Decerauer. I-lost late 

crop melons were sold unharvested in the field. Farmers who did their 

ow harvesting transported the melon.6 to tue village or main road by 

baskets. Those sold in the field were loaded directly onto trucko 

hired , tue mercha,.ts. A sunuuxr, of cropping in Fon .3oin Boon is 

given in Table 3.2. 
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Table 3.2. Summary I-easures of Major Crop Inputs and Outputs. 1970-71 
Crop 3eason. Non Som Boon, Thailand.
 

Rice Kenaf WatermelonI tem Unit 
Fiber 

------------------- Per rai-----------------

Yield kg. 185 152 --

melons --- --- 883 

Value baht 95 347 331 

hr. 88.4 141.9 51.aLabor 

Animal Power hr 13.9 9.3 16.7 

9.0 93.1
Cash Costs baht 5.5 

Crop Capital Charge baht 6.0 0.9 0.3 

Land Rent baht 42.7 40.0 50.0 

per fanmer who plailted his crop 

rai 12.9 6.2Area Planted 12.9 

No. of Farmers no. 25 26 10 

the field so labor requirementsa/ Watermelons were usually sold in 

are considerably less tha.i if the melons were harvested by the farmers.
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Pon& Jek Lee 

Cropping information was collected only for rice, corn, 

sorg..um anmd mungbeans. Altnough some pearuts and soyLeans were groi 

as a second crop followirg rice oetween the feeder canal and gravel 

road, the areas were miall and were not harvested wtil -yell after the 

study was completed so tney were excluded fro-, analysis. 

Tne rice land was idle begiunin, ii Jr,1nary or Ma, , the 

latter date being tne case if peanut.; followed rice. The preseiue of 

second crops restricted tie paday ltid for pasture u:,... The peanut 

fields were scattered tirougrlout tie lowlana areas 3o access to paddy 

stubztle by EL.inal, %-asoften restricted ana large, unsupervised grazint-; 

herds ,iere unorrio. 

Sixtee:. of tne thirty-five sample fax--.ers used tractor for 

the i.Aitial paddyland plowing, which began in tpril at ..e same Lire as 

.-oni nlovwing. Farmers initially plowin4 with animal.; berma in I..a:,. or 

early June. Piursery fields were replowed anu harrowved rcuominantly vwrith 

cattle teams, but tw: o faniers used utu'falo and one used a large tractor 

for puddling. The plo'ring a.:d harrowing were done in the morniLq and 

transplantir:g followed in tne aftenoon of tne :alae day. Farmers .-/ere 

not uniforr in their use of other inputs. Elevei! of the tirty-five 

fertilized and seven sprayed for insectS. 1.1ost did limited amounts of 

weeding, grass cutting, and field irrigation after tjie completion of 

transplanting. 

Harvest beg,,,n in Decenber in the drier rice fields aund two 

weeks later for the others and continued into early Feuruary in the 

larger fields. Preparation for narvesting consisted of dragging a 

large uamboo pole over the rice to flatten it for easier harvest. Then 
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it was cut by hand scythe, bundled and transported to a central threshing 

floor at the field or at the farmer's house by tractor, truck or cattle 

drawn carts. The majority threshed in their fields and then transported 

the paddy and straw to their storage sheds. Threshing was done by cattle 

or tractors, but no clear indication of reasons for using one method or 

the other was found. Tractor threshing was much faster as a tractor 

was driveni rapidly in a circle on the bundles until the paddy was removed, 

whic., required one and one-half to two hours for a tractor cart load. 

Then the stra, was snaken out and piled at the edge of the threshing 

circle. Paddy was raked into a pile and scooped into a winnow machine 

which cleaned out dust, stones, and straw. Then it was stored. If 

threshing was done in the field, the rice was scooped into the tractor 

cart, truck or animal cart for transportation. The straw was loaded on 

top of the paddy or piled on the tractor platforms. 

The first plowing for corn began at the same time as rice, 

and only two farmers did not use tractors. Soon after initial tractor 

plowing, most farmers replowed with a pair of cattle and planted directly 

behind the plow with a dibble stick. Cultivation began two weeks later, 

with the cattle plow and was often supplemented by hand hoeing. Harvest 

was in August or early September. Hand picking was followed by hauling 

with tractors if the area was dry or with cattle carts if the area was 

wet. The corn was partially dried in sheds, houses, or the village 

meeting house or on open cement floors or canvas tarps. Shelling was by 

tractor mounted, power take-off driven shellers or stationary rigs. 

Selling was usually done at the shelling area with further drying and 

handling done by the merchant. 
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Parmers aVi,o followed corn wit,, mungbeans replowed the corn 

stuoble i..ediately aftev pickiing. The seeds were taen uroadcast into 

the freshly plowed soil. Spraying followed in six weeks and was repeated 

once or twi.ce at two week intervals. Animal power was u ed for hauling
 

only i: one case. In iloveniuer, the plants were uprooted, gatherea into 

bundles a..d placed on both ends of a sharpened baboo pole for carrying 

across the shoulkers. When all the farmers' bundles were assembled at 

the tlrcsning floor, tuey were then scattered on tne floor and thshed 

by tractor. 2he vines were shaken out and tie ucans vrinilowed by snaking 

wooaen oaskets suspended on tripods. 

The stuimary data for tiie input and output in tne 1970-1971 

crop season is presented in Table 3.3. 
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Table 3.3. 	 Summary Measures of Major Crop Input and Output, 1970-71 Crop 
Season, Nong Jek Lee, Thailand. 

I tem Unit Rice Corn Sorghum(b) Mung Beans 

--------------------- per rai ------------

Yield kg. 325 420 51 103 

Value baht 241 386 42 204 

Laoor hr. 89.6 44.3 7.1 69.9 

Animal Power hr. 12.9 8.6 0 0.3 

Cash Costs baht 48.0 33.8 26.7 32.7 

Crop Capital 
Change baht 17.8 8.0 32.2 5.0 

Land Rent oaht 75.1 53.4 60.0 27.0 

---- per farmer who planted this crop- --

Area Planted rai 29.0 15.3 5.5 13.9 (a) 

Io. of Farmers no. 35 28 2 24 

1 
(a) Second 	crop after corn.
 

(b) Very low sorghum yields were the result of a serious shoot-fly infestation. 
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Inaividual Crop Production Functions 

Functional 	Forms
 

Crop production inputs 
of the sampled fanqers in each case
 
study village were summarized in Tables 3.1., 3.2., and 
 3.3. Input 
data was compiled for each farmer and for each crop sown. Six major 

input categories were used. 
Planted crop area was total area sovn 
as
 
estivated 	 by the faner3. Rent value by crop was eotiiated oy farrers
 
in most cases as almost all land was operator-o'nied 
 and land rental markets 
were not well developed. Total labor inputs were in hours worked by all 
labor categories - farily, 	hired, relatives, and reciprocal labor. Draft 
animal inputs were hours 	worked per team for cattle 	and hoLrs ',workeupur 
irdividual animal for 	buffalo. All animal tasks were included. Cashl
 
costs included 
 tractor arid 	truck hire, fertilizer, spray, and 	 shelling costs. 
It excluded hired labor, aired draft power, aia land rent charges. Crop
 
capital ciLarget were computed fro, 
 tie inventory of crop production 

assets owned eachby farmer. Typically, ti:ese assets included one or
 
more wood, steel-tipped plows, 
 a harrow, seed inventories, winnowiuga 
device, ard aand tools. In Rong Jek Lee, cart ovniership was coituion and 
several farmers owned tractors, wia tractor-mounted equipment. The 
capital inventory included two ciarges. The afirst was capital charge 

equal to tue present value of the asset multiplied by a 15 per cent 
interest rate. The second was a straigui line depreciaLion charge applied 
to each asset. Tractors were charged as a cost only or, the percentage 

of time used on the owner's fields. 
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Crop output for individual crop analysis was measured in
 
total kilograms of harvested grain 
or vegetables except for watermelons, 

which were measured as a total number of harvested melons. 

Means and standard deviations of the inputs and outputs on a 
per farii and per rai basis are summarized for each major crop in each 

village in Appendix A. 

These data were then used for three purposes: 

1. To measure the productivit, of crop production 

inputs as a prerequisite for further analysis of 

the village livestock system; 

2. To test if rational economic behavior anwas 

adequate guide to behavior in the crop production 

sector; and 

3. To construct crop budgets indicating the profitability 

of various crops to 
serve as a guide for comparisons 

of profitability between the crop and livestock pro

duction enterprises.
 

Analysis of the first two require 
a crop production function.
 
The functional form not
was specified a priori but instead several 
different functional forms were estimated using various groupings of the 
inputs. The two major input-output groupings for individual crop analysis 
were per farm observations and per unit of area obervations. The 

first used totals of outputs and inputs as observations while the 
second divided inputs and outputs by planted area (in rai). Functions 

using the second grouping often included planted area as a variable to 

test for scale effects on per rai yields. 
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Functional forms were of the linear, quadratic, and Cobb-

Douglao types. In general, each of these functions was fitted both 

with per farm and per unit of planted area observations. 

The functional forms and variable groupings are presented 

below, excluding the land rent variaole. 

0 = output, in kilograms of grain, fiber, or vegetables, or 

number of melons. 

a = constant term. 

L = rai planted. 

N = labor hours. 

A = animal team hours.
 

K = capital in balit.
 

C = cash cost in baht.
 

Uc= rand.m disturbance term, assumed to be independently dis

tributed with zero mean and finite variance.
 

The representative functions are:
 

Linear per farm
 

Oc= a + bL+bY + bA + b4K + b5C + Uc 

Linear per rai
 

0
c = a+b N+ b A + CK + b + U 
LL 3 L L L-. 

Linear per rai plus land 

Oc =a+b 2 N+ b3 A + K i b5 C + Uc 
i- L L L 

Cobb-Douglas per farm 

2 Ab3 Cb5 O = a L 1N Kb4 Uc 
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Cobb-Douglas per rai
 
b2 b b4 b
 

0c=aN A K CL tL L L L U 

b2 b b4 b b6 c a N 2A 3 4 5K Cr- I f T, I L Uc 

Quadratic per Farm 

0 e = a + bIL + b 2 L + b3N + b+N2 Uc 

TheE b for n factors is the returns to scale for the Cobb-

Douglas function. On the "per rai" functions, it implies the percentage 

increase in output from increasing all inputs 1 per cent on the same amount 

of land. 

Marginal productivities of the functions indicate the change 

in output forthcoming from a one unit increase in input use. For the 

linear functions it b2 , . . for theis , . b5 , Cobb-Douglas function 

it is 10,~1_2, . . . , b5 0 where the bars represent geometric means 

L I C 

and for quadratic functions it is b + 2b L, b3 + 2b 4N,..., b9 + 2ui 0 

where the oars represent authentic means. Marginal value products are 

obtained by multiplying these marginal value productivity estimates by 

product prices.
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I:apkhae 

Results of the rice analysis were strongly influenced uy 

drouth conditions over the study period and generally poor soils for
 

rice production purposes. Scattered areas of rice were left unharvested 

due to tiie above factors plus infestations of yellow-orange leaf virus. 

Sugar cane provided igh profits mid resouvce productivities but 

expansion was limited by quota allocations. Corn also produced poorly
 

relative to Nong Jek Lee in the Central Highland (111 kg/rai in MLapkhae 

compared to 420 kg/rai in Nong Jek Lee and a national average in 1966 of 

275 kg/rai) vi lle sorghum did much better (266 kg/rai in i..apkhae corapare 

to 51 kg/rai in Nong Jek Lee and tie 1966 nationsl average of 264 kg/rai 

3ugar cane production averaged 8.22 tons per rai, well aoove the nations 

average in 1966 of 5.0 tons per rai. Comparable national averages of 

Indonesia and the Philippines for tle !9G3-1967 period were 7.0 and 14.2 

tons per rat of cane respectively.
 

Crop budgets are estimated in Table 3.4. Coefficients of 

selected production functions along with thir standard errors, con

stant terms, and coefficients of multiple determination are given for 

Iapkhae crops in Table 3.5. The data for corn and sorghum were pooled 

with the data from Nong Jek Lee for production function analysis as the 

number of observationis in Mapkhae ware insufficient for reliable 

results.i Corn and sorghum were analyzed together as the production
 

process was similar. However, separate budgets were constructed for 

each crop in each village. 

2./ Pooling the data was appropriate as it was judged that yield 
differences were a function of soil and environmental conditions
 
rather than levels of inputs applied. 



Table 3.4. Crop Budgets, Mapkhae.
 

Crop 

Unit 

Rice 

Baht % Baht 

Corn 

% 

Sorghum (1) 

Baht % 

Sugar Cane 

Baht % 

Sweet Potato, 
Taro, Eggplant 

Baht 

Land @
Rent Value 47.64 29.47 62.50 34.59 50.00 16.90 104.50 11.46 72.50 15.10 

Labor @ baht
1/hr. 38.08 23.56 93.22 51.59 189.11 63.93 308.88 33.88 351.01 73.11 

Draft Power 
@baht 2.4/ 
hr. 

48.86 30.23 0 0 0 0 0 0 0 0 

Cash Cost 18.80 11.63 19.28 10.67 49.61 16.77 475.46 52.15 41.46 8.64 

Crop Capital
Charge 8.27 5.11 5.68 3.15 7.10 2.40 22.89 2.51 15.17 3.15 

Total Cost 
per Rai 

Total Revenue 
per Rai 

Profit per Rai 

161.65 

30.68 

-130.97 

100 

---

180.68 

107.57 

-73.11 

100 295.82 

269.33 

26.49 

100 

---

---

911.73 

1124.89 

213.16 

100 480.14 

129.46 

-350.68 

100 

Total Cost 
per kg. (2) 

Price per kg.(2) 

3.64 

0.69 

---

---

1.623 

0.966 

1.109 

1.01 

---

---

110.92 

136.85 

1.53 

.43 

Profit per
kg. (2) -2.95 --- -.657 

(1) Includes rattoon crop. 
--- -.099 --- 25.93 

(2) Per ton for sugarcane. 
--- -1.10 



Table 3.5. 
 Summary of Crop Production Functions, Mapkhae.
 

Mapkhae: Production Function Analysis Summary.
 

Crop Rice Rice Rice Sugarcane Sugarcane Potato, Taro
Eggplant Potato, Taro,

Eggplant 
Functional 

Form 
Linear 
Per Farm 

Linear 
Per Farm 

Cobb-Douglas 
per Farm 

Cobb-Douglas 
per Rai + 

Cobb-Douglas 
per Farm 

Linear per rai 
+ Planted Area 

Cobb-Douglas 
per Farm 

Planted Area 

R2 .71440 .61037 .89865 .87387 .92409 .92174 .95082 
Degrees of 

Freedom 
10 13 11 5 6 1 2 

Constant 
Term 

411.52 
(1876.82) 

88.89 
(248.97) 

486.10 
(10.69) 

0 0 -1721.68 
(706.96) 

0 

Planted Area 35 "09 (f)19"4 58 (d) 1.608(b) 
(35.63) (12.486) (.616) 

1.996(b) 
(.693) 

1.199 
(1.403) 

115.54(e) 
(46.21) 

% Broadcast -367.37 
Rice of TotaL (1964.00) 
Labor 

Draft Power 

.097 

(.607) 

.970 (d) 

347 (e) -.050 
(.282) (.428) 

.462(f) 

2.205 

(2.407) 

2 .414 (c) 

(1.059) 

.699 (d) 

(.204) 

.761(c) 

(.211) 

Capital Charge 
(.671)

.309 .929 (f) 
(.485) 
.735 (b) -.669 (f) -. 649(e) 

Cash Cost 
(.962) 

-1.486 
(.914) (.326) 

-.437(f) 
(.604) 

.184 
(.521) 

1.143 .919 (c) 

Rent 
(2.733) (.498) (1.85) (3.177) 

16.1 88(e) 
(.308) 

4 .596 (c) 

Returns to 

Scale 

n.a.(l) r-a. ( I ) 1.394 1.720 2.964 
(5.711) 

n.a. (I) 
(1.241) 

6.276 

(1) n.a. = not applicable to this type of function. (2)Probabilities the estimated coefficients are signi

ficantly different from 0 are as follows: = 
a .99,

b = .95, c = .90, d = .80, e = .70, f = .60.
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The budgets indicated the presence of losses on most crops
 

wher labor was valued at prices prevalent during peak demand periods. 

Since all of these crops, with the exception of broadcast rice, were 

relatively labor intensive, very low returns to labor when valued as 

a residual were expected. The production function analysis tended to 

bear this out. Also of interest was the limited use of draft animals 

in this area. All upland crops used tractors for initial plowing and 

further land preparation was then by hand tools. 

A major shortcoming of budget construction was lack of
 

accurate rental values. 
The predominant pattern of owner-operated farms
 

made it difficult to estimate rents. When land was rented, the rent 

was often in kind and thus subject to commodity p:.ce 2luctuations in the 

calculation of rents. An alternative was to assign rent value as a 

residual but this has several shortcomings. 

Production function analysis of individual crops was of 

limited value in estimating resource productivities in Mapkhae. Number 

of observations on each crop was small and consequently the degrees of 

freedom were limited, particularly for the non-rice crops. Standard 

errors were large in most cases, particularly for cash costs. An 

attempt was made to adjust for lower yields of broadcast rice by inci'.ading 

broadcast rice as a percentage of rice area planted as a variable. How

ever, the coefficient was not significant. 

Coefficients of linear functions can be interpreted as 

marginal physical products while coefficients of Cobb-Douglas functions 

represent production elasticities. Thus the second function estimated 

for rice in Table 3.5. indicates the addition of one rai of rice land 
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increases rice production by only 19.458 kilograms, an additional
 

one hour of labor adds .347 kilograms of rice and an additional one 

baht of crop production capital investment increased rice output
 

.929 kilograms. With rice prices less than one bart per kilogram, 

these results indicate excess use of inputs since input marginal value
 

productivity (marginal physical product times output price) is less
 

tha, input price. Cobb-Douglas results for rice were poor as tdree 

input groups had negative coefficients. Sugar cane fmctions indicated 

a negative relation between capital charges and output for both per 

rai and per farm functions. Labor was being efficiently used witn 

marginal value productivities beint, close to taht per hour (tneone 


vwage rate). Labor use appears excessive for both vegetacle functio:s
 

although the small 
number of degrees of freedom make inferences from
 

the results difficult. Cash costs 
would also appear excessive as
 

marginal physical products close
were to one, product price about one

half baht so margiial value products would be about 
one-hallf the wage
 

rate. 
 However, ttie use of L'amily labor was particularly heavy on 

ti:icc cropt, tued lower. wage rateu probably would be more relevant to 

adjust for citldren arid vmen doing the bulk of hoeing, wid harvestig. 

Non 3om Boon 

Table 3.6., the crop budgets, indicated a more even distri

bution of inputs between the three crops studied than in Miapkhae. Pro

duction costs per unit of output were more in line wiLi, historical 

prices received and the losses sustained on rice reflected a major drop 

in glutinous rice prices caused by several years of overproduction in the 

major producing areas. Kenaf profits were substantial withi the good 



--- 
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Table 3.6. Crop Budgets, Non Som Boon.
 

Crop Rice 


Unit Baht % 
 Baht 


Land 0 Rent Value 42.69 20.69 40.01 


Labor @ Baht 1.25 110.48 53.55 177.38 
Per Hour 

Draft Power @ 41.67 20.20 27.78 
Baht 3 Per Hour 

Cash Costs 5.47 2.65 8.99 

Crop Capital Charge 6.01 2.91 0.90 


Total Cost Per Rai 206.32 1.00 255.06 

Total Revenue Per Rai 95.24 --- 346.62 

Profit Per Rai -111.08 91.56 

Total Cost Per Kg. 1.11 
 1.68 


(2) 

Price Per Kg. (2) 0.51 2.28 


Profit Per Kg. (2) -0.60 
 0.60 


(1) Data includes early and late watermelon crops. 


Kenaf 


% 


15.69 


69.54 


10.89 


3.52 


0.36 


100 


Watermelon
 

Baht
 

50.00 19.41
 

64.09 24.88
 

50.04 19.43
 

93.10 36.15
 

0.33 0.13
 

257.56 100
 
330.77 --
73.21 
0.29
 

0.37
 

0.08
 

(2) Per melon for watermelons.
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price reflecting a strong world market. 
Watermelon profits per rai
 

were large relative to the other crops grown. 

Table 3.7. summarizes the results of tie production function 

analysis. The production function coefficients were generally positive 

and significant. The negative coefficient for planted area in the 

per rai function for kenaf indicated diseconomies ol scale as did the
 

returns to scale figure, excluding the land variable. Draft power 

was an important input in all crops reflecting the absence of tractor 

plowin and villagers' dependence on their water buffalo for all land
 

preparation purposes.
 

Rice yields were slightly under the all Nortiheast average, 

and kenaf yields are well above it, while no data for conparison were 

available for watermelons.
 

Labor productivities were low with tiie exception of water

melons. Marginal value productivities were to.1 .54 for rice aid 

kenaf but 2.7 for waternelon. A similar pattern emerged for draft 

power and capital charges. This reflects the introduction of a new 

crop where resource use has not yet reached equilibrium levels. Cash 

cost productivities were high and reflected the general shortage of 

cash in this village. 

The individual crop functions in Non Som Boon gave more
 

reliable and plausible results than those in Mapkhae. More obser

vations were available, crop production practices were more uniform, 

and yield variations were not as great.
 



Table 3.7. Summary of Crop Production Functions, Non oni Boon . 

C3op Rice Rice Kenaf Ketiaf Watermelon Jatermelon 

Functional 
Form 

Linear per -Rai 
+ Planted Area 

Cobb-Douglas 
per Farm 

Linear 
per Farm 

Coub-Doualas 
per Rai + 

linear 
per Rai 

Cobb-Douglas 
per Farm 

Planted Area 

R 2 	 .67479 .6,1150 .88581 .6804, .39973 
 •73357
 

Degree of 
Freedom 
 19 	 21 20 
 20 	 5 
 5
 

Ccinstant Term 
 -86.89 
 4.58 206.197 
 26.40 -3002.74 3.37
(75.70) (3.05) (178.742) (2.17) (2361.79) (11.41)
 
Land .
5 30 (c) .250 (d) 22 .755(e) -,167(d)
 

(2.79) (.169) (17.985) (.104)
 
Seed Cost 


173.01 (e) .383(c 	f)() (128.27) (.502)

Labor 
 .208 .334(c) . 1 6 7 (f) 2 6 3(d) 7.45 .021 

(.418) (.190) (.163) (.171) 
 (12.84) (.718)

Draft Power 3 .64(d) .2 12(f) 2 .58 (d ) .10 1(f) .56(e)
27	 .96 1(d)


(2.73) (.209) 
 (1.59) (.113) (21.76) (.601)

Capital Charge 6 . 0 1 (d) 	 8 5(f).
11	 .0 80(f) 1426 .9 5(e)
 

4.52 (11.54) (.078) (1216.29) 
Cash Cost 8 .6 9(d) .299(c) 6 .12(b) 313(b) 

(6.22) (.174) (2.54) 
 (.148)
 
Rent 1.16(f) .173
 

(1-5) (1
(1)(.426) 
Returns to Scale 
 n (1) 1.095 n.a. .590 n.a. (1 .538(1) 	 n.a. = Not applicable to this type of function (2) 	Probabilities the estimated coefficients are 

significantly different from 0 are as follows: 

a = .99, b = 95, c = 90, d = 80, e = 70, f = 60. 
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Nong Jek Lee 

The crop budgets in Table 3.8. indicate generally higher 

levels of inputs and outputs in this village tan the otiier two. CorL and 

mung beans were raised only for sale so the suostantial areas in these 

crops coupled with the large revenue generated per rai meant large cash 

transactions within Nong Jek Lee. 

The utilization of large tractors in the village for plowing, 

hauling, shelling, and threshing activities in addition to their non

uniform pattern of use between sampled farmers caused problems in pro

duction function estimation. This is apparent in the labor and capital 

coefficients obtained in the production function analysis, shown in 

Table 3.9. Generally yield per rai did not vary oy size of farm, mid so 

total output and hence total revenue per farm varied directly by size. 

Large farms tended to use tractors while small farms tended to use lauor 

and animal power. Thus negative but significant labor coefficients Eud 

large positive capita] coefficients resulted from the per farm functions.
 

Estimating functions on a per unit of area basis did not improve results 

significantly. The allocation of tractors as capital, even after adjusting 

for hiring out of part of the tractor services, still caused large varia

tions in the capital charge assigned to owners and non-owners of tractora 

and, in general, this variable was of little help in estimating production 

relationships.
 

Labor marginal value productivities were about equal to 

wage rates for the Cobb-Douglas functional forms out were much lower 

in the linear functions. The same pattern was found for draft power. 

Cash cost productivities were much higher for upland crops than for 



Table 3.8. Crop Budgets, Nong Jek Lee.
 

Crup Rice Corn Sorghum (1) Mung Beans 

Unit Baht % Baht % Baht % Baht 

Land @ Rent Value 

Labor @ Baht 1.50 
Per Hour 

75.14 

134.40 

23.93 

42.79 

53.40 

66.39 

28.50 

35.43 

60.00 

10.70 

46.30 

8.26 

27.00 

104.79 

15.84 

61.49 

Draft Power @ 
Baht 3 Per Hour 

Cash Costs 

38.73 

48.01 

12.33 

15.29 

25.80 

33.75 

13.77 

18.01 

0 

26.73 20.62 

0.87 

32.72 

0.51 

19.20 

Crop Capital 
Charges 

17.77 5.66 8.04 4.29 32.17 24.82 5.04 2.96 

Total Cost Per Rai -14.05 
Total Revenue per Rai 240.90 
Profit Per Rai -73.15 

100 
---
---

187.38 
386.42 
199.04 

100 
---
---

129.60 100 170.42 
204.38 
33.96 

100 
--
---

Total Cost Per Kg. 0.97 --- 0.45 2.54 --- 1.65 

Price Per Kg. 0.74 --- 0.92 0.82 1.98 

Profit Per Kg. -0.23 --- 0.47 -1.72 --- 0.33 

(1)2 observations only Crop not rattooned. 
0 



Table 3.9. 
Summary of Crop Production Fun:tions, Nong Jek Lee.
 

Crop Rice Rice Corn, Sorghum Corn. Sorghum Mung Bea Mung Bean 

Functional 
Form 

Linear 
per Farm 

Cobb-Douglas 
per Fann 

Linear per Rai 
+ Planted Area 

Cobb-Douglas 
per Farm 

Cobb-Douglas 
per Farm 

Linear per Rai 
k Planted Area 

R2. •87990 .61036 .38208 .85911 .85092 .65911 

Degrees of
Freedom 

Constant Term 

30 

-34.72 
(978.97) 

30 

28.00 
(3.01) 

32 

62.113 
(90.249) 

33 

28.21 
(1.57) 

18 

72.00 
(8.28) 

17 

-13.196 
(35.213) 

Planted Area 

Labor 

Draft Power 

Capital Charge 

272.23(a) 
(57.44) 

.072 
(.532) 

1.70 
(2.38) 

.350(c) 
(.194) 

.041 
(.049) 

4 .91(c)  
(2.57) 

.375 (f) 
(.433) 

9 .80(a) 
(2.96) 

-1.70 

.278(d) 
(.195) 

-113 (e) 
(.095) 

.076(a) 
(.027) 

-.067 
(.128) 

.023(e) 
(.020) 

-.879(c) 
(.506) 

-.183 (b) 
(.087) 

7.902 ( c) 
(4•393) 

-3824( b ) 

Cash Cost 

Rent 

.531 

(.817) 
.i98 ( d )(d)...o2 

(.131) 

.2 2 3 (d) 

(2.45) 
'3. (c) 

(2.17) 
a)-546(a 

(.122) 

02(a )1 .0 

(.130) 
-.726 ( e) 

(1.750) 
5.23(a 

(1.126) 

Returns to Scale n.a. 1 

(.145) 
0.812 n.a. 11.013 

(.560) 
0.250 na. 

(1) n.a. = Not applicable to this type of function. 
 (2) Probabilities 
the estimated coefficients are
 
significantly different from 0 are as follows: 
a = .99, ." = .. 5, c = .90, d = .80, e = .70, f = .6(j 
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rice. Capital charge coefficients were negtive for the functions 

in which they were included, reflecting problems outlined above. 

Draft power results wero poor for rice since substantial substitution 

of tractors was occuring. Results were better for corn and sorghum while such 

small amounts of draft power were used for mung beans that draft power 

productivities have little meaning for this crop. Large draft power 

coefficients for corn and sorghuLl reflected increased yields occuring 

from animal cultivation. 
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Whole Farm Production Functions 

Aggregation Procedures 

A problem arose in estimating individual crop production 

relationships when other crops were simultaneously being produced. 

Because resources were being allocated between several enterprises, 

constraints arose often in the usemore of one or more factors of
 
production. An analysis of the value of draft animals must 
 include 

their contribution to all enterprises. Thus a whole farm production 

function aggregating each farmer's total inputs and outputs was
 
necessary. Inputs aggregated
were over all crops and outputs were
 
aggregated by total value. 
 Input productivity measures for draft 

animals are examined in the following sections. 

The procedure used was the estimation of the marginal
 
value productivities (.IVP) 
 for each input. For the linear functions, 

MVP = bi; for the quadratic function, MVP bi + 2biXi the= where X is 

arithmetic mean level of the i 
 th input; and for the Cobb-Douglas 

function MVP = biY Xi where the means are geometric meams. The MVP's 

are directly ootainable from the production function because the 
dependent variable is in value terms while the independent variables 

are in physical terms for land, labor and draft power and value terms 

for rent, capital, and cash cost (7). 

Assuming cost minimizing behavior by the farmer and no re
source constraints, each factor vill be used up to the point at which 
the IiVP of that resource equals its marginal factor cost (MFO), or 
price. The average price of the input in the village was used as the 
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marginal factor cost. If input restrictions are ignored, a ratio of
 

one indicate3 the farmer has allocated the resource so its returns
 

are just paying for its cost. 
A ratio less than one implies excess
 

use of the reuource and a ratio greater than one inaicates a constraint 

on the resource preventing optional levels of use. 

To test if the regression coefficients obtained were signi
ficantly different from b values which would give marginal physical 

products tiat equated MVPiA.IFC = 1, a t test was performed The required 

b values for the two functional forms, where X and Y are inputs and
 

outputs and P are prices, 
 are
 

Linear Function: MPPxiPy
 

- = 1, or 

PY = 1i so bi = Px
 
Px (required) 17
 

Cobb-Douglas Function: MPPx 1Py 

IFC
 

bi Y/X)PY = 1, bi (required) =(Px/Ay) (_XI) 
Px
 

The appropriate t test was
 

t = bi required - bi obtained 

where linear function vaiance = (standard error) 2 and Cobb-Douglas 

variance = (-/) 2 (standard error) 2 . 
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I,.aphae 

Whole farm production functions were initially fitted
 
using ouservations 
from all twenty-two farmers selected. The presence 

of high values produced on a per farm and a per rai basits by the sugar 

cane producers biased the results heavily toward labor mid cash cost
 

and gave negative productivities 
for land and draft power. 

Therefore, functions were estimated by dropping farmers
 
who used no aiimal inputs on crop.
any This brought significant improve

ments in first order correlation matrices, regression results, and
 

allocative efficiency analysis. 
 A comparison of the cnrrelation coef
ficient matrices for output-inputs and inputs-outputs is presented
 

in Appendix 1, Tables 1-4.
 

By eliminating farmers who used no animal power, correlations 
between total value produced and total draft power clunged from -. 25333
 
to .5114 and, in the 
per rai taole, improved from -. 51635 to .11069.
 

A similar improvement occured between labor inputs aria draft inputs as
 

was expected because of the harrowing--transplanting relationship in
 
rice production, the only animal-using crop enterprise.
 

Production functions 
of the arithmetic type gave more 
consistent results than the other iunctional farms in Mapkhae, both on 

a per farm &id per rai basis. However, the negative land coefficients 

indicated per unit of area functions would be more logical. 
Quadratic 
functions also gave good results, but limited the degrees of freedom
 

available. linear per farm and quadratic per farm functions are sumnarized 

in Table 3.10., after non-users of draft animals were dropped from tne 
analysis. Function two, a quadratic function adding capital and omitting 
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Table 3.10. Summary Measures of Efficiency Analysis, Iapldcae, 1 and 2. 

1 • Linear Per Farm: Only Fanners Using Draft Animal Power 

(1) V = 67.812 - 84.395L - .116N + 2.392A + 2.1520 + .882R 

2

R = .95007 

Variable Coeff. S.e. S.0) Ratio: IVP S. (2)
 

Planted Area (L) -84.395 25.490 0.98 -1.455 0.99 

Labor (14) -0.116 0.584 0.10 -0.116 0.90 

Draft Power (A) 2.392 1.293 0.80 0.997 0.01
 

Cash Cost (C) 2.152 0.390 0.99 2.152 0.95 

Land Rent (R) 0.882 0.461 0.90 0.882 0.01 

(S.1. refers to the probability the estimated coefficient is
 

significantly different from 0. 

(2)S.I. here refers to the prouability the coefficient required 

to equate MVP and LIFC is not equal to tile coefficient actually computed. 

2. Quadratic Per Farm: Only Farmers Using Draft Animal Power 

+ .15511 - .00015N 
(2) V = -126.317 + 39.277L - 1.15TL2 

3.8610 - .00043023.505A + .004A2 + 3465K - OOSK2 + 

2 
H = .99575
 

( 2 )
s.c. Ratio: IVP S.1Variable Coeff. s.1. 0) 

Planted Area WL) 39.277 93.706 0.20 
2 -.530 not 

Planted Area -1.157 0.991 0.60 possible 
to 

Labor (N) 0.155 2.957 0.01 
-.348 compute
 

Labor2 -0.00015 0.0007 0.10 in
 
Draft Power (A) -3.505 5.747 0.40 .290 quadratic
 

Draft Power 0.004 .003 0.70 functions 

Capital (K) 3.465 5.514 0.40 -.391 

Capital2 -0.008 0.005 0.70
 

Cash Cost (C) 3.861 1.726 0.80 2.772
 

Cash Cost2 -0.00043 0.00037 0.60
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land nnt gave the highest R2 values and the logically correct 
sign on all coefficients except draft power. However, poor significance 

levels on most coefficients and poor values of factor allocation ratios 

made the function of limited value. 

The linear function obtained by converting the variables to 

a per unit of area basis gave the be.;t results in the efficiency analysis, 

shown as function,!A in Tab.e 3.11. This formulation avoided the negative 

productivity of the planted area variable fc.1nd in equation 1 of Table 

3.10. All marginal productivities were positive and all except aLimal 

power significantly different from 0 at the 70 per cent confidence
 

level or higher. The improvement of results obtained by eliminating 

from the analysis non-users of draft animal power is illustrated by 

comparing equations 3 and 4, Table 3.11. Despite the loss of 9 degrees 

of freedom, the plausibility and reliability of the results improved.
 

The results 
obtained from function 4 were used as the basis 

for further analysis o2 resource productivities. The conclusions con

curred with those expected. Labor and draft animals were being used 

relatively efficiently, though probably beyond the optimum cost mini

mizing mix, while cash costs were still not used up to their optimum 

level due to capital shortages and a general shortage of cash income 

in this village. Capital shoitages were also indicated by the MVP/MFC 

ratio for capital derived from equation 2, Table 3.10. Land rent 

appears to reflect underlying land productivities well. 
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Table 3.11. Summary Measuree of Efficiency Analysis, Mapkhae
 

(3) All Farmers: Linear Per Rai
 

(3) V = -8.152 + .093 u, - 1.283 ... + 2.077 C + .852 R 
L L L L L
 

R2 
= .97981
 

Variable Coeff. s.e. Ratio: M-
s.l.(l) s.1.(2)
 

Labor/rai 0.093 
 0.168 0.40 0.093 0.99
 

Draft/rai 1.283 
 1.942 0.40 -0.535 0.90
 

Cash Cost/ral 2.077 0.104 0.99 2.077 0.99
 

Rent/ral 0.852 0.716 0.851
0.70 0.10
 

(4) Only Farmers Using Draft Power: Linear Per Rai
 

(4) V =-84.952 + .550 N + 1.206 C RA + 1.686 + 1.014
L L L L L. 

R2 = .96354 

VariableMVP
 

Variable Coeff. s.e. Ratio:
s.l.(l) s.l.(2)
 

Labor/rai 0.550 
 0.168 0.70 0.550 0.60
 

Draft/rai 1.206 
 1.942 0.60 0.503 0.60
 

Cash Cost/ral 1.686 0.99
0.104 1.686 
 0.95
 

Rent/ral 1.014 0.716 0.90 1.014 
 0.01
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lion Son Boon 

The functional form giving the most consistent results was 
a Cobb-Douglas function using per unit of area quantities as independent 

variables plus planted area as a scale indicator. The function, 

coefficients, variables, and results of the efficiency analysis are 

given in Table 3.12.
 

Land and labor both had a positive impact on value produced,
 
land through a significant scale effect and labor through a large and
 

highly significant production elasticity. 
 Cash cost did not appear to
 
be a major influence on value of output. This 
was because most of the
 
farmers used a relatively fixed amount 
of cash costs in the form of truck 
hauling and the cost was in the form of a fixed Lnarge per haul, regard

less of how much was hauled. Thus it was a lumpy input and difficult to 
assess by regression techniques. Land wasrent included as a proxy for
 
land quality. The lack of 
a well-developed land rental market plus vir

tually uniform rent value estiwates in the two land categories of lowland 

and upland contribvted to its poor performance in the analysis. 

The non-significance of the draft power variable was more 
difficult to explain. One possibility was that draft animal tillage 

reaches diminishing returns quickly and further tillage adds little or 
nothing to yields and therefore value produced per unit of area. In 
other words, draft power in this village was essentially a fixed input
 

per unit of area.
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'able 3.12 Jummajry I.easures of Efficiency Analysis, Non 3ore Boon. 

V =15.27 .579 A .016 .078 -. 167 .145 2 
L*14 t_R__2_, 55843 

L L L L L 

Variable Coeff. c.e. s.1.(1) Ratio:- s010(2) 

Planted Area (L) .145 .135 0.70 .744 .001 

Labor (u) .579 .151 0.99 .940 .01 

Draft Power (A) .016 .137 0.05 .106 .001 

Cash Coot (C) .078 .099 0.50 1.487 .001 

Land Rent (R) -. 167 .128 0.70 -. 979 .99 

(1) ,ignificarce level here refers to the probability the actual 

coefficient is significantly different from 0. 

(2) ,ignificance level here refers to the probability the required 

coefficient (reauired to equate MVP and MiiC) is not equal to the coefficient 

actually computed. 
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A minimum level was necessary for land preparation but additional 

increments added very little to output. Additionally, the value of 

kenaf per unit of area was much higher than that of rice (346.62 baht 

per rai for kenaf and 95.24 for rice), yet kenaf required, on the 

average, fewer hours of animal team power per rai (9.26 compared to 

13.89 for rice). This was the most plauuiule explanation. The high 

significance level of the factor allocation analyuio sectioni for 

animal power must be interpreted with caution since the coefficient 

itself was not significant in tne production analysis nd the 

standard error was very large giving a large denominator in the t 

ratio calculations. 

Labor and value of output were highly correlated as were cash 
cost and value of output. The first order correlations between the varia

bles used in thie whole famn analysis are given in Appendix B, Tables 

5 and 6. 
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NonM Jek Lee 

An arithmetic function quadratic in the labor and cash cost 

per farm data gave the best results for Nong Jek Lee.
variables uzing 

power inputs, all ouservations were
3ince all farmers used some draft 

to areaused. Transforming per farm variables per unit of variables 

tne total crop values produced
was tuyecessary as correlation between 

and total 	crop areas planted were not considered excessive 
(.78800)
 

cannot
Appendix B, Table 7). Unfortunately, significance levels be 

on the quadraticfor the cost minimization analysiscalculated 

of both IAVP/C ratios would indicate,variables. The magnitude 

nor cash cost was being used at the optimum
however, 	 that neither labor 

i.e. too muc labor and too few cash costs. Again, the heavylevel, 

its low value produced per rai
labor in.,ut in transplanted rice xdxl 

relative to corn (240 vs 360 baht per rai) would explain the negative 

cash costsmarginal value productivity of labor. Rationing of also 

would explain its higa productivity. 

results of the analyses are presented inTe equation and 

Table 3.13.
 

appear highly profitable
Poth planted area and draft power 

from the 	auove analysis. The use of large tractors has allowed large 

of corn and mung beans to be grown without diminishing returns acreages 

to draft power setting in. 

draft power stems from two sources.The high productivity of 

higher yields and theyFirst, farmers transplanting rice achieved much 

inevitably used draft power for replowing and puddling their fields. 

corn with cattle did oetter yieldvise,Second, farmers cultivating their 


were used
and cattle cultivation appeared profitable. These figures in 

further resource productivity analysis. 
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Table 3.13. Summary Measures of Efficiency Analysis, Non Jek Lee.
 

V = -4837.155 + 139.687 L + .27( N - .00016 N2 + 

9.844 A + 4.927 C - .000287 C2
 

R2 
= .77864
 

3 1 3 MVP 
Variable Coeff. : s.e. : s.l.(l): Ratio: FC s.1.(2) 

Planted Area 139.687 45.119 0.99 
 2.253 0.90
 

Labor 0.277 1.782 0.10
 -.604 not
 
Labor2 -.00016 .00014 0.70 possible
 

Draft 9.844 3.747 0.99 3.281 
 0.90
 

Cash Cost 4.927 2.116 0.98
 
3C757 not
Cash Cost2 -.000287 .00024 0.70 
 possible
 



J ummary 

As was anticipated, whole farm production functions gave 

better results than estimating individual crop production functions. 

There were more degrees of freedom available and the whole farm proce

dure allowed resource allocation between enterprises to be accounted for. 

Transforming per farmi variables to per unit of area varia

bles gave the best results in I4apkhae mid Non Som Boon while a per farm 

function worked best in Nong Jek Lee. The linear form was used in 

Mapkhae, Cobb-Douglas in Non Som Boon, and a semi-quadratic form gave 

best results in Nong Jek Lee. This tended to justify the earlier 

assumption that a priori specification of variable form or functional 

form was not feasible in a limited study of non-homogeneous areas. 

Of the major input groupings, labor and draft power appeared 

to be used excessively in Mapkhae and close to equilibrium levels in 

Non Som Boon. The negative marginal value productivity of labor in 

Nong Jek Lee can best be explained by high values from mung beans 

being obtained by tractor plovwng and broadcast seeding methods requiring 

a very small labor input. The negative labor productivities of labor 

in the mung bean production function (Table 3.9.) would tend to bear 

this out. The high marginal value productivities of Nong Jek Lee animal 

power resulted from large fields of rice and corn being worked by limited 

numbers of animals so a shortage of draft power still existed in this 

village. 

The capital variable was of little value in explaining 

values produced in every village. Standard errors tended to be high 
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for this variable with most farmers having uniformly small amounts 

(wooden plow, wooden harrow and hand tools) and a few having large 

amounts (tractor, sheller, disc plow, cart, and winnow machine). In 

the villages without tractors, the level of capital equipment showed 

little variation. Cash costs were consistently significant variables 

explaining value produced and their marginal value productivities were 

also much higher than factor costs in every case. This implies credit 

shortages and considerable room for increasing outputs through the 

use of fertilizers, sprays, and hired machine services. Land rent as 

an indicator of land quality gave good resulvs in Ma~khae, poor results 

in Non Som Boon and was of no value and thus not used in Nong Jek Lee. 

Overall, the farmers tended to allocate their traditional 

inputs of labor and draft power at close to or exceeding cost minimizing 

levels while allocating newer, cash using inputs in less than optimum 

proportions. When we examine the returns to bovines in the next chapter, 

it is assumed the farmers allocated them relatively efficiently as a 

crop production input. Also, further investment in bovine production 

can now be measured against the opportunity cost of investing in cash 

expenditures on crop production which were found to be quite profitable. 
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CHAPTER IV
 

CATTLE AND BJFFAIW PRODUCTION 

The preceding chapter described and analyzed the input of 

animal power into village crop production systems, crop land use and 

seasonality of use, enterprise profitability, resource and productivity, 

and allocative efficiency of resource use. This chapter carries out a 

parallel development for the livestock production enterprise but the 

crop production system now serves as an input into the livestock produc

tion enterprise through the provision of pasture and supplementary feed 

resources. The carrying capacity of each such system is then analyzed 

in detail. Using somewhat different procedures, enterprise rates of 

return and the allocative efficiency of each type of livestock enter

prise are examined. The chapter is divided into three sections: herd 

characteristics, bovine production resources, and an analysis of enter

prise rates of return. 

Herd Characteristics
 

Beginning and Ending Inventory 

The basic inventory data for all farmers in each village are 

summarized in Tables 4.1. and 4.2. The biomass estimating procedure is 

described in Appendix C and was of necessity crude since weighing of ani

mals was not possible and tape measuring was possible only an the more 

docile animals. Measurements of carrying caracity and herd output'were 

made using biomass estimates because the concept of biomass is not biased
 

by differences in animal sizes between ages, sexes and villages. 



Table 4.1. Beginning Cattle and Buffalo Inventory
 

Total No. No. farmers Total 
 Biomass Total Herd
VleofATotal Total by animal BiomassFarmersFwith Type typethat animals Males Females type (kgs) (kgs) 

Mapkhae Cattle 10 170 94 76 37,08640 Buffalo 14 54 56,126
24 30 19,040
 

Non Som Boon 52 Cattle 10 47 15 
 32 9,373 58,330
Buffalo 
 49 125 70 55 48,957
 

Nong Jek Lee 62 Cattle 
 59 226 179 47 74,435
Buffalo 2 4 4 0 2,134 77,569
 

--4 



Table 4.2. Cattle and Buffalo Biomass by Functional Groups (kgs). 

Mapkhae 

Sex Male Female Total 

Age 

Cattle 

Buffalo 

0-2 

4875 

825 

2-4 

4463 

4230 

Mature 

12,175 

3343 

0-2 

2153 

1085 

2-4 

4410 

2223 

Mature 

9010 

7334 

0-2 

7028 

1910 

2-4 

8873 

6453 

Mature 

21,185 

10,677 

Non Som Boon 

Sex Male Female Total 

Age 

Cattle 

Buffalo 

0-2 

1125 

2312 

2-4 

1050 

3862 

Mature 

675 

23,148 

0-2 

133 

1125 

2-4 

1680 

2858 

Mature 

4710 

15,652 

0-2 

1258 

3437 

2-4 

2730 

6720 

Mature 

5385 

38,800 

Sex 

Age 

Cattle 

Buffalo 

0-2 

1727 

0 

Male 

2-4 

5462 

0 

Mature 

56,299 

2134 

Nong Jek Lee 

Female 

0-2 2-4 

1929 1959 

0 0 

Mature 

7059 

0 

0-2 

3656 

0 

Total 

2-4 

7421 

0 

Mature 

63,358 

2134 
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The 	inventory data of Tables 4.1. and 4.2. indicated major
 

differences in the following herd characteristics: 

1. 	 Cattle numbers and biomass were higher for cattle 

than buffalo in two villages and much higher in 

one, Nong Jek Lee. 

2. 	The male - female ratio was about one or greater
 

than one where the herd's primary function was the 

provision of draft inputs into crop production. It 

was less than one where more female animals were used 

for reproductive purposes. 

3. 	The total biomasses of two villages were about equal
 

while that of Nong Jek Lee was one-third higher. 

4. 	 The biomasses estimated by functional groupi varied 

according to the herd's primary function. Reproducing 

herds have most of their biomass concentrated in young 

stock (0-2, 2-4 categories in the table) and mature 

cows. A draft herd has a high proportion of biomass 

in mature males. 
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Herd Growth Components
 

Changes in the cattle and buffalo inventories over the
 

twelve month study period are 
 shown in Table 4.3. These changes in 

numbers of animals in each category were converted into biomass changes
 

and are shown in Table 4.4. In addition to correcting for differences 

in animal size by type, age, sex, and village, biomass estimates also 

permit estimation of the biomass increase through the biological growth 

of young animals.
 

Biological increases (births plus growth) in biomass of
 

the cattle herds of I1apkhae, Non Som Boon, and Nong Jek Lee were 22,
 

32, and 8 percent, respectively, of the initial bicmass. Transactions,
 

theft, and death losses reduced biomass increase to 2, 18, and 5 per

cent, respectively. Farmers in Mapkhae and lion Som Boon had rapidly 

increasing herds which permitted substantial sales. 

Buffalo herd management differed from that of cattle in 

the three villages. Biological increases were minus 22, plus 15, and 

zero percent for Mapkhae, Non Som Boon, and Nong Jek Lee respectively, 

with net biomass changes of minus 19, plus 9 and plus 19 percent res

pectively after deducting transactions and death losses. The Nong Jek 

Lee buffalo herd was too small to draw conclusions from. The substantial 

decline in the buffalo biomass in Mapkhae could be attriouted to several 

causes. First, most rice farmers had buffalo. Very low family incomes 

as a consequence of poor rice yields resulted in many families selling 

some of their animals to purchase rice and other food. Second, tractor 

plowiig was displacing some of the buffalo draft functions. Third, an 



Table 4.3. Herd Accounting Sheet 

Cattle Inventory Changes 

Village 

Mapkhae 

Non Som 
Boon 

Nong Jek 

Lee 

Herd Increases 

Transactions Biological 

Begin Purchase Rent Gift In, Births 
In Loan In 

170 2 0 3 33 

47 4 0 0 18 

226 15 2 9 25 

Herd Decreases 

Transactions 

Sales Gift In, Rent Theft Biological
Loan In In Death 

21 7 0 0 3 

14 0 0 0 0 

22 5 1 4 3 

Net
Change 

+7 

+8 

+18 

End 

177 

55 
5 

244 

Village 

Mapkhae 

Non SomBoon 
Nong Jek 

Lee 

Buffalo Inventory Changes 

Herd Increases Herd Decreases 
Transactions Biological Transactions Theft Biological

Begin Purchase Rent Gift In, Births Gift In, Rent Death 
In Loan In Sales Loan In In 

54 0 0 3 9 19 0 0 0 10 

125 20 2 8 28 36 5 1 0 2 
4 1 1 1 0 

Net 
Change 

-17 

+14 

End 

37 

139 



Table 4.4. Biomass Accounting Sheet
 

Cattle Biomass Changes (in kgs.)
 
Herd Increases 
 Herd Decreases
 
Transactions 
 Biological 
 Transactions
 

Village Begin 
Vent Uitt 

PurchaseLoan BirthsI &LonGrowth 
Growth 
Animal Sales 

Gift In, 
Loan In 

Rent 
out 

Theft Biol. 
Death 

Net 
Change 

End 

Mapkhae 

Non Som 

Boon 

37,086 

9373 

793 

840 

0 

0 

628 

0 

3407 

2210 

4865 

805 

6612 

2142 

1631 

0 

0 

0 

0 

0 

528 

0 

+922 

+1713 

38,008 

11,086 

Nong Jek 
Lee 

74,435 5899 760 3476 3810 2427 8346 1464 380 1414 1032 +3736 78,171 

Buffalo Biomass Changes (in kgs.)
 
Herd Increases 
 Herd Decreases
 
Transactions 
 Biological Transactions 

Village Begin Purchase Rent Gift Births Animal Death Changet h e athBiol. EndNet 

In & Loan Growth Sales Gift In, RentLoan In Out 
Mapkhae 19,040 
 0 0 833 1915 2276 
 6587 0 0 0 2098 -3661 15,379

Non Som 48,957 9108 1028 
 4102 4348 2896 
 14,304 2063 514 

Boon 

0 351 +4250 53,207
 

Nong JekLee 2134 407 534 534 0 0 1068 0 0 0 0 +407 2541 

'%o 
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outbreak of haemorrhagic septicaemia caused an abnormally high deati
 

rate in the village buffalo herd.
 

The herd accounting sheets illustrate how the primary
 

function of the herd affects the 
growth of the herd. Key indicators
 

of herd function and management were proportion of males to females
 

and proportion of herd biomass 
 in each of the three functional categories. 

The number of breeding females placed a limit on the biological growth 

components of the herd while the number of mature males place a limit 

on the draft output of the herd. These principles served as the basis
 

for construction of synthesized herds in Chapter V.
 

Reproductive Performance
 

The ability of a herd to provide sufficient offspring for
 

replacement of culls plus a marketable surplus of animals 
 is a function
 

of (a) the proportion of the herd held as females capable of reproduction
 

and (b)the actual birth rate. The reproductive rate and reproductive
 

capacity of a herd, as defined at the end of Chapter I, take both of
 

these factors into account. Herd composition, birth rate, reproductive
 

rate and reproductive capacity of the herd uy animal type and village
 

are shown in Table 4.5.
 

Reproductive performances, with one exception, were sur

prisingly good considering the low levels of technology outlined later
 

in this chapter. Cattle birth rates were slightly higher than buffalo 

when both types were present. Brahmin crossbred cattle in Non Som Boon 

had the highest birth rates and herd reproduction rates. Column 8 of Table 4.5 

shows, at present birth rates, the proportion of the herd that could ue
 

sold or otherwise lost and still maintain a stable population. Offtakeo
 

higher than the rates in Column 8 deplete the herd while lower rates of
 

off take build up herd populations. Column 9 indicates potential offtcicco
 



Table 4.5. Herd Composition and Reproductive Measures. 

Village Type 

1 

Tot. ani
mals, beg. 
of study 

2 

Aver. no. 
males & 
females 

3 

Aver. no. 
mature 
cows 

4 

% mat. 
cows of 

total herd 

5 

% mat. 
cows of 
mature 
animals 

6 

No. of 
births 

7 

Birth 
rate 

% 

8 

Herd 
reprod. 
rate 
% 

9 

Herd 
reprod.
capacity

% 

Mapkhae Cattle 

Buffalo 

170 

54 

88 

28 

48 

16.5 

28.24 

30.56 

54.54 

58.92 

33 

9 

68.75 

54.54 

19.41 

16.67 

28.24 

30.56 

Non Som 
Boon 

Cattle 
Buffalo 

47 
125 

30 
87 

26 
40 

55.32 
32.00 

86.66 
45.97 

18 
26 

69.23 
65.00 

38.30 
20.80 

55.32 
32.00 

Nong 
Jek 
Lee 

Cattle 
Buffalo 

226 
4 

180 
4.5 

33 
0 

14.60 
0 

18.33 
0 

25 
0 

75.76 
--

11.06 
0 

14.60 
0 

Calculations: 

Column 4 = col. 3/col. 1 
Column 5 = col. 3/col. 2 
Column 7 = col. 6/col. 3 
Column 8 

= col. 6/col. 1 

Column 9 = col. 3/col. 1 

-o 
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at a stable animal population using a 100 percent birth rate. The 

difference between columns 8 and 9 indicates potential offtake to 

be gained by higher birth rates. This potential was limited by 

the percentage of cows in the total herd, shown in column 4. 

Another characteristic of bovine reproduction which affects 

performance is the seasonality of birtas. Good husbandry practices 

limit animal breeding to certain periods of the year to assure par

turition when weather and feed conditions comuine to produce optimum 

growing conditions for the offspring with minimum stresses on the cow. 

The resultant patterns of parturition are given in Figures 4.1. and 4.2. 

The patterns were consistent with those found in other studies when free 

breeding practices were followed (10,39). The concentration of con

ception over the January through May period was explained by Chanta

lakana, et, al. (0) as the cows attaining prime condition during 

this period which is the cool winter following the months of heaviest 

rainfall. They further hypothesized that the cows' reproductive effi

ciency has been disturbed by nutltional factors during the summer.
 

The herding patterns observed in all villages would tend to 

accentuate this pattern. Animals were herded in small groups when crops 

were planted to avoid trampling and crop damage. It was only after one 

of the major crops was harvested that animals from each fanner were 

combined into a large herd and the non-castrated males could circulate 

and breed. In most cases, this was the winter period beginning with 

rice harvest in December and January. The large percentages of con

ceptions in January-March resulted in the majority of calvings occurring
 

over the October-December period for cattle and the November-January 

period for buffalo. Using the same reasoning, increased cattle births
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Figure 4. 1.
 

CATTLE PARTURITION SEASONALITY PATTERNS
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Figure 4. 2. 
BUFFALO PARTURITION SEASONALITY PATTERNS 

Month of Conception 
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Tong Jek Lee would then correspond toin June and July i Inapkhae and 

grazed by larger herds of 
corn narvest when some upland fields were 

the months of conception correspondingcattle in Septemuer and October, 

to June and July births. 

factors determined the desirability of tais prevailingThree 

seasonal pattern--temperatures, rainfall, and crop residue availability.
 

early part of the primary
The lower mean naximum temperatures during the 

parturition period lessened physiological stresses on young animals.
 

poor forage sourcesThe very low rainfall during this period implied 

from natural pastures. This was counteracted, in part, b the major 

crop residue sources uecoming available during tie early part of tiis 

Toward the end of the primary parturition period, Februaryperiod. 

and Earch, all of these factors were becoming unfavorable with rising 

this time, a depleted supply oftemperatures, sparse rainfall, aid, by 

Births during thii period were thus undesirable. Rufener's crop residue. 

showed that all animal groups, except younger grovring stock,study (39) 

the January
lost 10 to 15 percent of their initial body weight during 

April perioa.
 

Animal Value Estimates 

of animals were estimated from transactions recordedPrices 

over the ztudy period. The age of each animal was estimated by the 

at each age werefarmer at the time of the transaction. The mean values 

then graphed and are given in Figures 4.3. through 4.6. The curves for 

data from the case study villagethe Northeast and Central Highlands used 

plus the two villages in each region surveyed in November, 1970. The 
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Figure 4. 3. 

MALE CATTLE VALUES 

Price 

2400
 

2200
 

2000
 

1800 (8 
I I


* I I
 
1600
 

D., I t \ Nong Jek Lee 

I /a\1400a 

i Mapkhae 

1200 . Non Som Boon 
I * \ / 

1000
 

800
 

600
 

200
 

0 
0-1 1:2 2-3 3L4 4-5 5-6 6-7 7-8 8-9 9-10 >10
 

Age Intervals
 



100 

Figure 4. 4. 

FEMALE CATTLE VALUES 
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Figure 4. 5. 

MALE BUFFALO VALUES 
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Figure 4. 6. 

FEMALE BUFFALO VALUES 
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estimated values were consistent between the case study and surveyed 

villages within each region so the pooled estimates were used for value 

calculations in the Northeast and Central Highlands. Ilapkhae estimates 

represent transactions from Mtapkhae only. 

Definite trends are apparent i Figure 4.3. through 4.6. 

Value increased rapidly up to maturity, remained about the same over tne 

animals' productive lifespan (four to jight or nine years) and usually 

declined when tihe aianial was no longer productivc anr co-Ald be sole a

a cull for ulaughiter. Taese graphs indicated that a substantial in

crease in fariv level prices for slaughter animals would nave to occur 

Lefore slaughter prices would equal or exceed prices dictated uy the 

animals' productivity as draft power or breeding stock. 

Production Technology 

The potential sources of increased uovine productivity were 

outlined at tie end of Chapter I. Evaluation of the technology levels 

existing in the case study villages indicated most measures were not 

availaule and tiio.se wlhih were available were often not unifor nly 

utilized. Table 4.6. gives the percentages of all farners using some 

of the outlined measures widrh were thought to be available to Thai 

villagers. 

The use of nutritional and housing teciuioloe,' reflected the 

presence of traditional production techniques. Variations in use within 

categories reflects individual farmer preferences anti convenience factor! 

rather tiian a change in technology. 

Partial adoption of genetic and animal health technology 



---

Table 4.6. 
Improved Livestock Production Technology Used in Case Study Villages in Thailand.
 

Cattle 
 Buffalo
 
Mapkhae 
 Nong Mapkhae Non Nong
Production Technologyan 
 Boon Jek Lee 
 Som Boon Jek Lee
 

I. Genetic 
 percent of owners using this technology ------------

Exotic breeding stock 
 10 100 0 


II. 	Nutritional
 
Stored roughage (rice straw) 20 10 47 	 7 
 27 50
 
Fresh roughage (grass clippings) 20 4 80 
 29 24 75
 

III. Animal Health
 
Veterinary inspection at least 
 60 100 0 
 77 49 0
 

once per year
 

IV. 	Animal Housing
 
Structures


Shade in grazing area 20 0 
 18 	 0 
 0 0
 

Pen under house for shade
 
and theft protection 100 100 100 
 100 100 100
 

Feeding and watering facilities

Feed trough 20 0 16 0 0 0
 
Water trough (unsanitary) 60 0 16 
 46 0 0
 

0 
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represeilted trie only instance of non-traditional techniques being 

used. The non-uniion:i u~e of veterinary services reflects farmers 

clhoice of using or not using the veterinarian service when it arrived 

at tuLe village for innoculations, not a patteri of discrimination 

among the veterinarians. 
The exotic stock was Prahnin bloodlines
 

introduued on a significa,.t scale in 1957 with thc importation of 101 

uulls and 30 heifers from the United States (37, p. 13). Non Som Boon 

is near ti.e Depart-.ent of Livestock Development :tation where some of 

the stock was originally dissemiated from.
 

L'oderr, nutritional practices were not followed in tne stuuy 

villages. Variations in animal size, growtl, ra-es, a. d condition tlius 

reflected primarily the nutritional levels proviced froin trie village 

bio-sys tem.
 

Produc.tion Rlesources
 

Procedure 

A de--:cri,tioi of the major re-ource- used in, livestock pLoduc

tion is given first. Then an analysis of each factor is conducted for
 

each village.
 

Land resources.--Grazing was confined to two major classes
 

of land(a) permanent pastures accessible to all animals; amcd(b) cropland
 

which provided varyin " level: of pasture a;-d ot},plementaipr Ceed resources. 

The procedure was to inventory a id classify all lane withinc each village 

for 1-razing use on either a permanent or seasonal basis. The lwid used 
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by 	 the village herd was well-defined by village boundaries and 

grazing into other village areas was avoided. 

Next, grazing patterns were recorded during the course
 

of 	the monthly village visits. Primary areas grazed, approximate 

grazing hours, and identity of the herdsmen were recorded. Using 

these patterns plus the monthly data on the crop plantings and har

vestings, estimates were made of monthly land use by the village 

herd a:d mortkly carrying capacity of the village land. 

Labor resources.--In all villages herding was the primary 

responsibility of village children. Occasionally the farmers' wives, 

relatives, or older people herded, but this was usually in slack 

perioas of crop labor requirements. The farmers' major labor input 

was 	cutting grass and weeds for supplemental feeding, when practiced,
 

plus stacking the rice straw which commonly served as a supplemental 

rouJi-age source. Labor use was idghest when all crops were planted anc 

the animals had to be herded carefully. Labor use declined only slightly 

following harvest since villagers still watched their individual herds 

to prevent straying, theft, fighting and to aid in birth. 

In estinating the contribution of labor to livestock produc

tion 	costs, several simplifying assumptions were made:
 

1. 	 Adult labor was valued at its marginal value product 

as estimated by the whole farm production function. 

2. 	 All other types of labor used in livestock production 

were arbitrarily priced at fifty percent of the 

estimated marginal value productivity of adult labor. 
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3. 	 Adjustment for seasonality in the price of 

livestock production labor was not made. 

Capital resources.--Capital investments in livestock pro

duction were in facilities such as pens, corrals, rice ntraw, feedinr 

equipmeint and watering troughs, and investments in ti-e stock of 

animals. Iacilities were assigned costs usizig straigit line depre

ciation methoas. Costs were determined by estimatin- costs of re

produ ing the facilities. In addition, a capital charge wvas 	 alo 

made equal to the estimated present value of the assets times a
 

fifteen percent discount rate. 

A caital charge was not assined to tie stocK of animals 

because the method of evaluating the livestock production enterprise 

estimated the rate of return to the enterprise wich equates positive 

and negative cash flows. Tlhs rate can also ue interpreted as a 

caoital char-e vihich cquatcs the enterprise can illows. Thie estima

tio of rates of return is carried out in tie la.rt seectior of this 

chapter. 

land Use by' Village 

I,.apkhae. -- Total land area of DYapkhae was estimated at 

1574 rai (2.5184 square kilometers or .97235 square mile-). This was 

close to tie village headman's records showing 1600 rai in Mapkhae. 

Village grazing was limited to this area with Uhe exception of one 

large cattle herd wLich migrated at the time el rice plw.ting to a 

large pa.ture area outside tle village. In addition to t:,e cropland 

operated oy tie fort, faners in'luded in the study (724 rai), some 
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cropland was operated by farmers 	 from surrounding villages. This 

rented-out cropland was available 	for village pasture after harvest. 

to 1000 rai. Non-cropped land con-This :Wreased total planted area 

cropland (ninety-eiitsisted of household areas (eighty rai), fallow 

rai) and scrub forests (396 rai). The 132 rai of sugarcane was never 

available as pasture and thus coitributed nothing to livestock produt

tion. Adjusting. cropland for monthly availabilities as pasture leaves 

a yearly average of 903 rai availaule for grazing out of the 1574 rai.
 

The 905 rai, plus some limited rrass cuttings and rice straw, supported
 

an average combined biomass of 46,273 kilograms, (adjusted for the
 

absence of tae large herd for 7 months) or about 92.546 animal units.
 

On an average basis over the year this was 9.757 rai per animal unit 

(about four acres per animal unit). This was about double the land 

per animal unit estimated in Rufener's study (39) and reflected a lower 

intensity of lanu use for graziNg in l.apkhae. 

Of equal significance was the seasonal variations in land 

availability. If all cropland was planted during some part of the year, 

non-cropped land plus supplemental roughage feeding had to support 

tne entire herd. This may limit ultimate herd size more than the 

average area of grazing land available during the year. 

Figure 4.7. is a summary of recorded cropland availabilities 

during the study year obtained during montily interviews. Significant 

areas of sugarcane and other root crops could not be used for grazing 

at any time. The figures summarized in Figure 4.7. generally under

stated the cropland available because a complete record of grazing 

By adding theutilization for all herds was impossiole to obtain. 

cropland available per month to non-cropped land plus forests, the 

carrying capacity varied from a high oV 14.21 rai per animal unit in 
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Figure 4. 7. B.
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Figure 4. 7. C.
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arch and April after the large lierd had left the village to a low 

of 5.96 rai (2.36 acre3) per ani'nal unit in October. Tue shortage of 

grazing resources during this period vias alleviated by cutting grass 

on bunds and on areas where it was difficult to graze animals, and 

by cutting weeds from fields. Figure 4.7. shows effort experded on 

these tasks was inversely proportional to cropland availabilities. If 

rice straw was 1.1 available, it was fed during the July-November 

period but often the rice straw was consumed during the end of the dry 

season (Pebruary-April) when grass was again becoming scarce. 

Non Som Boon. -- This village was interniediate in size, 

being about three times as large as F.apkhae and two-thirds the size of 

NKong Jek Lee. The upland areas pastured were much larger than in 

IEapkhae but available for only a short period each year since kehaf 

has a long growing period. Unlike many areas of the Northeast, fallowing 

of upland was not common. 

Total area in Non Soi Boon was 4,310 rai (6.9 square kilo

meters or 2.66 square miles). Of this, only 117 rai was in fields 

suitable for permanent pasture near tne village. The other pasture was 

near the Chi River, in savannah areas bordering the rice fields and 

scattered areas of the upland fields. The rice field area was 563 rai 

while upland areas totaled 3,288 rai, not all of it cropped. Gome 

upland areas were too distant from the village and vater sources to be 

pastured.
 

After adjustments of the cropland areas for their monthly 

availabilities, the average land available over the year was 1,377 rai.
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This supported an average combined biomass of 61,312 kilograms, or 

122.26 animal units, an average of 11.13 rai per animal unit. Compared 

to the villages studied by Rufener (39), the bovines in this village 

were relatively well endowed with land resources.
 

Seasonality of grazing followed the pattern of the other 

areas. The data in Figure 4.7. understate tue actual areas available 

since complete grazing records could not be outained so actual areas 

of cropland available are considerably in excess of those shown over 

the Dece.iber-4,larch period. By assuming total village area was 

available for pasture during this period gave a carrying capacity 

of 35 rai per animal unit over this period. When almost all crop areas 

were planted, the carrying capacity dropped to 1.93 rai per animal 

unit. During tais period, up to 200 man-days per month were spent 

cutting and hauling grass from paddies and field areas inaccessible 

to grazing herds. Rice straw was also kept in reserve for this period. 

Nong Jek Lee. -- The village boundaries incluaed 4,600 rai 

of rice fields of which only 1,608 were included in this study and 1,539 

rai of upland crops with 741 included in tis study. The other areas 

were operated by farmers in outlying areas of neighboring villages with 

some large rice tracts rented out to larger farmers. However, the areas 

included in this study defined the approximate grazing limits of village 

animals and were used in carrying capacity calculations rather than the 

larger areas which were not used by the village herd. Total village 

area grazed was thus 1,608 rai of rice, 741 rai of uplantI crops, and 622 

rai of pasture and household area for a total of 2,971 rai. Adjusting 
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for seasonal availabilities of cropland resulted in an average of 1,263 

rai available over the year. Average total biomass was 78,641 kilo

grams or 157.28 animal units giving an average carrying capacity of 

8.03 rai per animal. Carrying capacity ranged from 16.68 rai per 

animal unit in January to 2.24 rai per animal unit in September and 

Octooer. 

A combination of factors alleviated pasture shortages 

during the short grazing land period. First, as Figure 4.7. indicates, 

up to 800 man days per month were used for forage gathering over the 

available wasSeptemuer-Ocober period. Second, the permanent pasture 

of good quality with a good supply of water. Third, the large rice 

areas per fanaer guaranteed an abundance of rice straw stored at 

the pens. Fourth, part of the corn fields were not resown to mung 

beans and became available during the late August-early September 

period.
 

Labor Use
 

The majority of the labor used was for herding. An exception 

was during the June-August period when forage gathering was also a major 

task. Labor inputs for castration, branding, parasite or disease coi-trol, 

and repair of facilities was negligible. 

The herding labor aspect of bovine production was the most
 

traditional of observed village tasks. Traditional in this sense implies 

labor makes a very limited or zero contribution to output (16), particularly 

after harvest of all crops when communal grazing on all village land was 

possible. However, several factors mitigated against reducing the large 

herding labor input. First, no fencing was available in any village to 

prevent animals from crossing village boundaries, straying into roadways, 
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or neighbors' housing compounds. Second, theft of animals or the 

threat of it was a major concern of all farmers and werethey thus reluctant 

to leave their animals with anyone but members of their immediate family. 

Third, both bovine types needed daily water, and, in addition, buffalo
 

needed a daily wallow to maintain their health. The farmer had to
 

insure these functions were provided for all his animals on a daily basis. 

Fourth, since moot parturition occured during tiiis free grazing period, 

the herdsmen of each family were responsible for the prevention of 

trampling of newborn animals. These factors justified the assigimient
 

of positive wage rates to herding labor and 
helpz explain why herding
 

lacor inputs were nignest over the December-March period after fields
 

were harvested and free grazing possible.
was This was also tne period of
 

shortest water when the aniimals 
had to be driven longer distances to
 

drink and vallow.
 

The seasonal pattern of 
 bovine herding labor corresponded 

closely to the cropland availability in Figure 4.7. As the fielas were
 

planted, the smaller herds 
were staked out in the fields being worked 

or kept at home and fed cut grass or rice straw. Figure 4.8. indicates
 

the seasonality 
 of herding labor per family as recorded from the 

sampled farmers durirg the nonthly The labor fromvisits. decreasing 

April to July corresponded to cropland preparation and planting. 

Herdsman labor increased as upland fields became available later in the 

sumner but decreased in November when rice harvest Aegan mostand labor 

was rooilized for rice harvest, and increased from then on as the entire 

village area became available for grazing. The January-Fetbruary decrease 

ii. herdi,g labor corresponded to tne availauility of rice straw for 
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Figure 4. 8.
 

SEASONAL HERDING LABOR PATTERNS
 

250 

240 / \ Mapkhae 
230 /\ 

220-
210, All Villages 

z 200 \ I 

20- Average: 

19 / \ .. /Nong Jek Lee 

.-


E160 
,,\
!',]ro. 


130
 

120
 

110
 

1...
 

Eu2 



117
 

feeding at home as availability of grazing dwindled.
 

Substantial economies of scale in the use of herdsman
 

labor were realized by farmers vith larger herds. In most cases, one 

child would tend each farmer's animals up to herd sizes of twenty
 

animals when an adult or 
another child would assist. Assigning laLor 

uiarge:: per aL±inal made it necessary to know the herd size. Regression 

equations were estimated for total and average labor requirements per
 

farmer as a function of each farmer's 
herd size. If cattle and buffalo 

were herded together, the total herd was defined as animals of both 

types. 

Results of the regressions are given i Appendix D, Taule 

1. The regression results were used for two purposes. First, the
 

average herding labor input per animal 
was estimated by sutstituting
 

average herd size for 
 the village herd into the equation. The resulting 

level of labor use was then used for cost estimation purposes. Second, 

the marginal herding laoor cost for an additional animal being added uy 

a irth was computed by suuotituting into the equation the average
 

village herd 
 size plus one and subtracting from this figure the labor 

used at the average herd size. Since economies of scale were suu

stantial, this marginal increase in labor was well below average labor 

use in every village. The labor use estimates derived from this pro

cedure are given in Table 4.7. for both the average herd levels in 

each village and the marginal increase in herding labor use by 

increasing average herd size by one animal.
 

Capital Use 

Variations in capital charges for facilities were a function
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Table 4.7. Herding Labor Use
 

Total Labor Use per Animal at Mean Herd Size (hours per yr.) 

(a)
Village Herding Grass and 

Labor Weed Gathering Total Labor
 

Mapkhae 562 13 575
 

Non Som Boon 785 31 816 

Nong Jek Lee 452 125 577
 

Total Labor Use per Additional Animal added
 
at Mean Herd Size (hours per year)
 

Herding Grass and (a)
 

Village Labor Weed Gathering Total Labor
 

147.6
Mapkhae 146.2 1.4 


60.9
Non Som Boon 52.0 8.9 


Nong Jek Lee 39.9 32.1 72.0
 

(a) Grass and weed gathering labor was assumed to be increasing
 

in proportion to the increase in herd size resulting from the one animal
 
increase.
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o±' the type and age o' the structures. The charges were smallest in 

Mapkhae at fourteen baht per animal per year. This reflected the 

extensive type of production in this village. Outdoor corrals were 

the rule and since grass feeding was not prevalent, feeding and 

watering facilities were generally old and in poor condition. The 

poor rice harvests had provided very little rice straw and thus small 

inventories of feedstuffs. 

Non Som Boon animals had an average capital charge of 42 

baht per animal per year. Improvements in pens and feeding facilities 

among Brahmin cattle producers were a major factor as were substantial 

inventories of rice straw hauled in by the trucks. 

The highest capital costH per animal were in Nong Jek Lee 

at 46 baht per year. Cattle often had both a pen and a corral plus 

feeding mangers. Some small fences had been constructed around the 

household areas. Finally, the large rice areas per farmer plus high
 

yields provided large stacks of rice straw in the household areas. 

Aiiali~is oruL sr et'J ivnLukuuuLoiC ajuna. 

Procedure. -- The preceding sections outlined in detail the 

costs and returns for various types of livestock. Costs were labor and 

capital. Land was assumed free for several reasons. Permanent pasture 

was either communal village land, ditches along waterways or roadways, 

fallow cropland, or uncleared forested areas. The first two classes
 

were not owned by individuals and were free goods to the village 

livestock producers. The last two classes were usually owned by farmers 
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but were assumed to have no costs to the livestock producers. Under
 

existing levels of crop production technology, land which must be 

falloied to regain ito fertility had virtually no opportunity costs 

as a crop production resource durt.g the fallow period. Similarly, 

forer'ted areas were assumed to be unsuitable for crop production at 

existing levels of teclmology. 

The other pasture resource was croplanc lying idle between 

harvest and planting time. It too had a zero opportunity cost for 

crop production during the dry season since lack of irrigation facili

ties made cropping over this period infeasible. 

Returns to livestock enterprises flowed from the animals' 

contribution to crop production activities, the breeding of animals 

and resultant sale of offspring, and the final sale of cull animals. 

The nature of the production and utilization processes 

suggested a rate of re tarn approach to enterprise evaluation rather 

than a simple profit maximization framework (36). The animals had a 

non-productive period (birth until maturity) whin their contribution, 

measured as a cash flow, was negative. After reaching maturity, tile 

animal produced a stream of positive cash flows and, wnen culled, a 

lump sum of money. Figure 4.9. represents some costs and returns 

over the life of the major bovine enterprises of the villages. The net 

cash flow is returns minus costs at each point in time. It is negative 

until the animal contributes more to returns than costs. 

Investments of this type can be analyzed by 3 measures: 

benefit-cost analysis, external rate of return, and the internal rate of 

return. The respective formulas for these measures are 



Figure 4. 9. 

NET COSTS AND RETURNS IN BOVINE ENTERPRISES 
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(1) 	 B = PR + A 
= cc 
~CC
(2) 	 r =lOOkB 

0 

(3) 	 1 Fn = 0
 
t-o (1 + i)"
 

where 13= enefits
 

C = costs
 

PR = cumulated past returns
 

k = 	the given rate of interest used to cumulate or
 
discount returns 

A!'R = annual future returns 

CC = cumulated costs
 

r = 	 external rate of return, or the rate at which 
all future returns pay o~f 

n = 	 number of years for which the internal rate of 
return is relevent 

F = net cash flow in year n 

i = 	 an internally calculated rate of interest which 
makes the discounted present value of the flow 
of costs equal to the discounted present value of 
the 	flow of returns at a point in time
 

Equations 1 and 2 express the same measure while equationi 

3 has the advantage in that it is not dependent on the assignment of 

arbitrary discount rates. 

A benefit-cost analysis is most applicable when the stream 

of benefits from an investmei.t extend over a long period of time. It is 

also quite sensitive to the discount rate and the ratio of operating to 

capital costs. ,easures one and two would be more appropriate for 

evaluatio] of a pasture improvement where the benefits extend over a 

long period (30). 
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For the purposes of this thesis, the internal rate of return 

was the most appropriate measure. If the enterprises had about the same 

capital intensity and gestation period, the results would be comparable 

between enterprises and villages and would provide estimates for judging 

livestock enterprise returns with those of alternative investments. 

Ualculation of discount rates which equalizes the areas 

under the curves in Figure 4.9. required a yearly accounting of net costs 

and beiefits. This required data on average initial animal costs, yearly 

costs of labor and a charge on livestock production facilities, yearly 

returns for tne enterprise in question, and a final cull price. 

Costs were calculated from data on labor and capital inputz 

in livestock production. All initial animal costs were assumed to be 

300 baht at wea:,ing age. Breeding revenues were comiputed by arriving 

at a net value per calf raised to maturity and multiplying tids by the 

birth rate for the animal class under consideration. This gave tie 

average yearly revenue contribution of the cows. Sale prices were the 

prevailing village prices for animals destined for slaughter. The total 

time under consideration in a wezming to slaughter type of enterprise
 

was ten years. Dual purpose (draft plus breeding) animals were assumed 

to work four years and breed six years. All animals began producing 

revenue during tneir fourth year.
 

Results. - Based on these assumptions and tue summary measures 

in Tables 4.8. through 4.10, internal rates of return were computed by 

an iterative process until the accumulated sum of net cash flows over the 

period under consideration was equalized. These are given in the final 

column of Table 4.11.
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Cost Data Used for Internal Rate of Return Calculations
Table 4.8. 


Nong

Non Som Boon Jek Lee
 

Mapkhae 


Cattle Buffalo Cattle Buffalo Cattle
 

Herding Labor:
 
Hours/ Animal 562 562 785 785 452
 

Fodder-Gathering
 
31 31 125
Hours/Animal 13 13 


Total Labor:
 

575 575 816 816 577
Hours/Animal 


275(a) .275(a) .5875(a) .5875 (a) .750(b)
Wage Rate/Hr. .


Wage Bill 158 158 479 479 433
 

Capital Facil
ities Charge/
 

42 42
Animal 14 14 


Total Cost/
 
Head per Year 172 172 '521 521 479
 

Purchase Price:
 
Male Replacement 1500 1340 1940 1600 2030
 

Purchase Price:
 
Female
 
Replacement 460 1200 1740 1170 


Calf Cost 300 300 300 300 300
 

(a) Wage calculated at marginal value product of labor in crop
 
production x .5.
 

(b) Wage calculated at actual wage for crop labor x .5.
 

46 

1100 



Table 4.9. Returns Data Used f: 
 :-:ernal Rate of Return Calculations 

Animal Hours'2 Draft(a) (a) Breeding 

Village Draft Nage/ Power Returns Sale Price: Sale Price:
Type Labor/yr. Hour Bill/Yr. Per Cow/ Male Cull 
 Female Cull
 
Year
 

Cattle 310 1.69 (b) 524 410 
 1500 400

Mapkhae Buffalo 310 .8 6 (b) 267 477 
 1800 1100
 

Non Cattle --- --- --- 836 1200 1410 
Som 
Boon Buffalo 333 2 .1(c 700 
 673 1890 1440
 

Nong

Jek Lee Cattle 469 3.0d) 1407 550 1850 1350
 

(a) Returns per team fz= :attle and per animal for buffalo.
 

(b) Wage computed at 
 ar~-al value product and adjusted for differences in draft output
 
between types.
 

(c) Wage rate per hou.r zomputed at seasons rental rate.
 

(d) Wage rate actually zaid per hour.
 



Table 4.10. Estimation of Net Returns per Breeding Female per Year.
 

1 2 3 4 5 6 7 8 9
 

Animal Age
 
0-1 1-2 2-3 3-4
 

Net Return
Total 

Cost Accum. Price Return Birth per
 

Item Cost per Calf Rate Breeding
 
Female/Yr.
 

Mapkhae
 
Cattle 144.2 106.0 78.5 57.3 386 980 594 .69 410
 

Buffalo 144.2 106.0 78.5 57.3 386 1270 884 .54 477
 

Non Som Boon
 
173 128 93 629 1840 1211 .69 836
Cattle 235 


629 1665 1036 .65 673
Buffalo 235 173 128 93 


Nong Jek Lee
 
Cattle 311 229 169 124 833. 1565 732 .75 549
 

Calculations:
 
Column 1 through 4: Yearly costs are marginal costs of caring for one more animal at present average
 

herd sizes, and are the same for cattle and buffalo but different for each village, i.e.,
 
Mapkhae = 42.15, Non Som Boon = 68.80, and Nong Jek Lee = 91. Each yearly cost is then multiplied
 
by an accumulation factor, (1 + r)n where r = 36% and n = 4 for col. 1, n = 3 for col. 2, etc.
 
Column accumulation factors are col. 1 = 3.421, col. 2 = 2.516, col. 3 = 1.862, and col. 4 = 1.360.
 

Column 6: Average price of 4-year-old males and females.
 

Column 9: Returns per calf times calves produced per year (birth rate).
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Table 4.11. Estimates of Internal Rates of Return
 

Village Type Sex Enterprise 
Internal
Rate of 

Return 

Cattle Male Raised from birth to 4, used as 15 % 
draft from 4-11, sold at end of 
11 years as culls. 

Cattle Female Raised from birth to 4, bred 15.5% 
from 4-11, sold at end of 11 
years as culls. 

Buffalo Male Raised from birth to 4, used as 15.2% 
draft from 4-11, sold at end of 
11 years as culls. 

Buffalo Female Raised from birth to 4, used as 26.5%(a) 

draft from 4-8, used as breeding 
4-11, sold at 11 years as culls. 

Cattle Female Raised from birth to 4, bred 8.2% 

0 
from 4-11, sold at end of 11 
years as culls. 

oW Buffalo Male Raised from birth to 4, used asdraft from 4-11, sold as end of 
6.1% 

0 11 years as culls. 

Buffalo Female Raised from birth to 4, used as 10.9%(a ) 

draft from 4-8, used as breeding 
4-11, sold at 11 years as culls. 

Cattle Male Raised from birth to 4, used as 8.9% 
draft from 4-11, sold at end of 
11 years as culls. 

Cattle Male Purchase replacement males at 3, 16.0% 

o 
0 

used as draft from 4-11, sold at
end of 11 years as culls. 

Cattle Female Raised from birth to 4, bred -1.0% 
from 4-11, sold at end of 11 
years as culls. 

(a) Returns assumed power return = .5 of male draft animal
 
and breeding returns equal to non-worked breeding females.
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T- ese rates served as excellent guides for assessing the 

farmers' aility to evaluate his irvestments. In most cases the rates 

wcre wall below the 36 percent interest rate at which short teni loalls 

were availaule, out are near or slightly below cormercial lending rates 

of 12 per cent. In 6 out of the 10 situations examined, returns from 

traditional production and utilization pattenis exceeded the 9 percent 

rate of return the Asian Development Bank had esti,,ated for its livestock 

improvement program (2). 

The rates in I, apkhae do not indicate why cattle numueru are 

increasini- and biLffalo numbers declining. This is probauly due to a 

major disease outureak which resulted in large buffalo mortalities. 

The llgi returns to dual purpose female buffalo should 

indicate a trend towards specialization in tAIese animalri. However, 

after fariers had their draft work requirementn fulfilled, furtner fe

male buffalo added revenue orly as breeding stock since they were not 

demanded as rental stock and very few animals were ever rented in these 

villages. Tnus their rates of retun, were greatly reduced when they 

moved from the dual to breeding category and becarle competitive with 

cattle for the breeding enterprise. The yearly revenues from cattle
 

breeding were generally higher so the expansion of buffalo females 

was limited to the dual-purpose animals and no large buffalo breeding 

herds were present in any of the villages studied. 

The negative return to the Nong Jek Lee cattle breeding enter

prise resulted from higher production costs. ThLis explained the rela

tive smallness of this component of the total herd. The higher return 

to the cattle Buy-Draft-Peat enterprise explained why t, s is the pre

dominant forn of cattle enterprise in this village as higi production 

costs worked against producing replacement workstock within the village 
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CIIAILER V 

ALLOCATION OF, BOVIE OUTPUT 

Allocation of village resources was dealt with in
 

Chapters III and IV. Chapter III exanined the allocation of resource 

use in crop production, alid, in particular, tne use of uraft animal 

inputs. Chapter IV discussed resources used in bovine production and 

the use of breeding sto-k. This chapter combines the two aspects of 

village bovine systems discussed previously--the size of the herd 

supported by the village resource base and the uses made of the herd-

into a for'ral model allowing analysis of the underlying factors cor

posing the system. Some concepts are now preser.ted which may help 

clarify the vario-.s aspects of production and allocation to be dis

cussed. 

Conceptual FPanework 

Proaucts
 

:3everal types of products are represented in the village 

crop and bovine production sy:jten. Village resources of land, labor, 

and ual:ital are comuined to produce five outputs. 

Y = fl (Y4' X11 X29 X3) 

Y2 = f2 (Y4 9 X1 9 X2, X3 ) 

Y3 =f 3 (Y 2 Y 5 X2 X 3 ) 

Y4 =f 4 (Y2, Y5, x2, X3) 

y -f (x1' x2) 
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food and fiuer crops outputwhere 	Y= 

Y2 = fodder production (excluding grain) 

Y- = icat 

Y4 araft po:icr 

Y = rrazinr production 

X = lana 

X = lauor 

X3 = capital 

The five outputs are co'iprised of three types of products. 

end meat (Y3 ) are final products and are soldI,'ood a--d fiber crops (Y1 ) 

within the village. Intervediateotitside oi tne village or consumed 

ure those which are rot sold outside of the villape, but insteadprotic.ts 

are used n:: inputs ini the production of the final proaucts. Interriediate 

(Y 2 ) and grazing (Y 5 ) which are usecproat, 	 ts in tis model are fodder 

a.- an 	 input into uovine production (Y3 and Y4 ) and draft power (Y 4 ) used 

t. eir 	fodder y-productsin t.,e prou'jction of food and fier crops (YI) and 

(Y2 ). The t:,ird type of product represented are joint products, or 

products produced in fixed proportions. The joint products assumec in 

and fodder (Y 2 ).crop production are food and fibe.r crops (Y 1 ) 

In summary, the following products are represented in each 

village:
 

Final Joint Intermediate 

Products Products Products 

I II f 

Y3 Y1 Y2 Y4 5 

'eat Food and Fodder Draft Grazing 

Fiber 

Joint Products in Some Cases 

http:protic.ts
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,,'low Whar ts 

Production relationships and resource-product flows are 

summarized in Figure 5.1. The evaluation of bovine costs and retunrs 

in Chapter IV vias a simplified version in whicL costs were confined to 

labor and capital facilities and rettrns were coniined to draft po-er 

anQ animal sale . The generalized model presented in ti-io chapter 

allov: the impact or' exogenous force:- to be traced t.aioW.,,n the cvmte' . 

A fi:red iherd Uiomass level is set Lj ti.e lcvel of ti.c 

inter.ediate products; fodder and grazing renource.;. Tii-i given level 

of biomass is allocated uetween use as drait power a,i use for meat 

production through breeding herds. Figure 5.2. illustrates the workingL 

of tnis portion of the village bovine system..
 

Replacements come from internally produced calves or from 

transactions with sources outside the village. Tiie mature animals are 

allocated between power and breeding oy relative rates of return to 

each enteriarise. Offtakes are ii- tne form of draft power, cull,; for 

slaughter ard sales of animals io excess of replaceme t irequiremelnts. 

P'roductiorn Relationsi.ils 

The re ourcej aL.d interediatu products' ar LoL.Ji., ed LO 

produce the final products in the village. Three production relatio. 

ciiU.c are present. 

Factor-factor or resource surstitution proulems relate 

the use of two or more inputs to production levels of a product. The 

shape of the restting isoquant reflects the substitution possibilities 

in input usage. The minimum cost of producing a given level of a pro

duct is at the level of input use where 
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Figure 5. 1. 

VILLAGE RESOURCE ALLOCATION 
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Figure 5. 2. 

BOVINE BIOMASS ALLOCATION 

TRANSACTIONS 

Purchases, Loans, Rentals 

"I 

HERD BIOMASS 

F Replacements .- Calves 

Productive Productive 
Power Breeding 
Herd Herd 

OFFTAKES 

)Draft Power 
Si@CulIs For Slaughter 

@Sales of Animals In Excess 
of Replacement Requirements 



134 

IPPx = IVPPx 2 = . . . = MPPx n 

PXI Px2 Pxn
 

Profit is maximized when the levels of resource use are adjusted until 

the ratio of IXP's is equal to 1.0, i.e. 

1 .I'PPX1 - " " " ?y1 IAPPx n Z 1.0 

Px 1 Px 

Factor-product relatio,.ships, sometimes called productior. 

functions, specify the output level3 forthcoming fror alternative levels 

of variable input use. Inputs are classified as variable and fixed. 

The standard or classical representation of tne production function has 

total product first increasing a, al increasing rate, then increasing 

at a decreasing rate, and finally decreasing absolutely as increased 

levels of tLe inputs are applied. The increasing use of laLor on a 

fixed supply of village land produces this phenonena. 

The t rd concept is the product-product relationship wlicl, 

holds resource quantities constant and varies the quatities of output 

produced Ly tds fixed buidle of resources. The rate at which one 

product can be transformed into another using the fixed resource Lundle 

is called tne marginal rate of product sub.titution (21, p. 239), tne 

marginal rate of transforiation (4, p. 2') or tue rate of product 

traiwformntion (22, p. 68). The rate at which rice output could be 

trasCorned into corn output using a fixed level of land, laoor, and 

capital would define a product-product situation ir' the case-study 

villages. This concept wll be used uelow in analyzing how the fixed 

biomass, .,et by fixed village resources, can be used to produce
 

power, meat or so e combination of the two. 
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AIlodel of Resource and Product Allocation 

Land Allocation and Biomass Support
 

The relationship of uovine production to resource use was
 
complicated oy the presence of intermediate products entering the
 

production process. 
For example, the land resource produces two
 

intermediate products, fodder and grazing; these in turn can pro
duce animal power, a third class of intermediate product, which is
 

also an input into the fodder production process. Fodder is a joint 

product produced with food and fiber, the final products. Because
 

of these complex, interacting relationships, several simplifying 

assumptions must be made. 
However, tiiese assumptions appear to be
 
consistent with actual conditions in the three study villages.case 

First, the total resource base of a village sets a limit
 

or. the bovine biomass that can be supported in that village. At 
the present state of knowledge about bovine nutrition, the author is
 

hesitant to specify it precisely as TDNr therefore the limit will 

be referred to more generally as "nutritional." Of the tlree 
general classes of basic resources ---
land, labor, and capital --

the land resource appear to set the nutritional limit. Given the
 
low levels of technology employed in both crop and forage production,
 

the total area of village land is assumed to produce a more or less
 

constant quantity of animal nutrition (allowing for yearly fluctua

tions in the weather). This assumption implies that a rai of
 

village pasture will support about the same kilograms of animal biomass
 

as a rai of rice. This assumption seems feasible under the "roughage
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only" type of feeding carried out at present in the villages. The
 

tiomass supported per unit of area varied between villages because
 

of substantial differences in land quality, weather and drainage. 

The one-to-one trade off oetween crop residue production
 

mad grazing resources is not valid when certain types of crops are
 

introduced or suLstantial changes in biological and chemical input0; 

occur in crop production. The increase in sugar cane production 

takes land out of livestock production since the fields are never
 

grazed and the crop residues are unusable for feed. Watermelon
 

anc root crops took land out of grazing and contributed very little
 

to biomass support in the form of crop residues. In these cases,
 

the model to be presented must be modified to account for changes in
 

cropping patterns. The introduction of new chemical and biological
 

inputs is examined later in the Chapter as one of a class of skifters 

in biomass support levels.
 

Labor is not felt to be a resource limiting the total
 

size of uiomass supported. The current labor stock employed in bovine
 

production could be spread over a greater biomass for herding operations.
 

Labor (particularly in management aspects) was assumed to influence
 

breeding herd productivity, however. This enters as an assumption
 

in the next section where large oreeding herds perfona less efficiently 

tihan smaller herds due to poor management and supervision. Capital
 

was not felt to Le limiting as long as the present practice of not
 

transferring roughage between villages is maintained. Use of capital
 

to purchase more animalo would exceed the nutritional 1Lmit, reducing 

growth rates and animal sizes.
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The working of the model is shown in the four inter

related diagrams in Figure 5.3. The demand for cropland is a
 

function of the YVP of cropland in the production of food and
 

fiber. 31iifts in the demand curve for cropland are a function
 

of the prices of food and fiber final products. The shifts 

are riot a function of teclnological change in the food-fiber
 

producing sector, tue effects of which are examined in a later
 

section of this cha.ter. 

Part I of Figure 5.3. illustrates the demand and supply 

of village cropland in relation to total village land resources
 

(supply of village land---3 village). The supply of cropland
 

becomes increasingly inelastic as more marginal land is brought
 

into crop proautio: . The supply of grazing land (Graph II) is 

a Pirror image of cropland supply because grazing land is treated 

as a residual, i.e., the supply of the village land (3 vLllage)
 

minus equilibritun levels of cropland use. Graph III assumes a 

direct, linear relationslLip between levels of cropland use and 

village fodder produced. This3 would not hold when non-fodder
 

producing crops enter village cropping systems. Graph IV combines
 

various levels of grazing and fodder into a type of "factor-factor"l 

diagram, except the reader must keep in mind that the "factors" are 

interi.uediate products which were in turn produced by the basic 

inputs of land, labor, and capital. This graph illustrates the
 

various combinations of tnese two intermediate products producing
 

a given level of aniother intermediate product, village herd biomass.
 

Two iters are of interest. First, the relationship is primarily 

biological or technical in nature. Economics enters in only when
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cropland demand shifts. Second, regardless of the cropland-grazing 

land mix, the level of biomass is fixed by village land supplies and 

the underlying productivities of (a) grazing land in supporting 

animals, and (L) cropland in producing fodder supplies. This fixed 

relationship is a consequence of the one-to-one trade off between
 

crop residue production and grazing resources assuLed earlier.
 

Povine Production Possibilities 

Follo'"Ire the determination of oioriass levels, the next 

step is allocation of the animals between their various uses. Pro

duction from the biomass consists of an intermediate product (draft 

power) and a final product (meat). The capital accumulation role 

is disregarded for now. The analysis proceeds by allocating the 

products of the village herd biomass by means of a product - product 

relationship using a synthesized herd analysis of the primary flows 

of Figure 5.2. 

Assumptions were as follows: 

(I) One animal unit (AU) = 500 kilograms. 

(2) Larger breeding herds had lower birth rates than 

smaller breeding herds because management of larger herds was 

more difficult and the provision of adequate bulls for larger 

herds was inadequate. Specifically, a seventy percent oirth 

rate was assumed for herds of ten percent breeding females and
 

birta rate decreased one percent for each two percent increase in 

breeding females percentage of total herd. Death rate was zero
 

percent. 

(3) Animals become productive for breeding or power at 

four years of age; were culled at eleven years of age, and replaced 

with four year old replacement stock. Thus one-seventh of the 

producing herd is replaced yearly to maintain a static level of 
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proauctive animals. 

(4) Only males may be imported (purchased) from outside 

the village; female replacements are produced within the village. 

Iale replacements are purchased at age three to train for work. 

(5) Actual production is net of all purchased animals. 

(6) ?ro bulls for breeding are accounted for. 

(7) All calve- are hcld to age taree. Younger animals 

were infrequently bought or sold and only at a discount. At 

a-e three they are retaired as replacenents or sold. 

(8) Only cattle are unalyzed.
 

Anirals were classified into nine functionial categories. 

These cate-orie., ana their correnponding age groupings are presented 

for reference in Figure 5.4. The categories are as follows: 

(1) Castrated males are workstock whic i becore productive 

at are four, work through age ten, and are sold promptly at age 

eleven. One animal is equal to one animal unit. Each animal works 

720 tour. per year. They are evaluated economically as a team. Power 

output is in terms of total hours worked by each animal, not by hours 

per team. One-seventh oy tuese are replaced anually. 

(2) [-reeding females become productive at age four, are 

sold at age eleven, and also are counted as one animal unit. If each 

female produces an average of .7 calves per year, over her productive 

lifespan of seven years, she then produces 4.9 calves. 

(3) Renlaceme:,t males (from herd) are three to four year 

old castrated males raised from birth from the village herd, and are 

counted as .75 animal units. They are being trained for work but 

contribute no power input; If no replacement males are purchased, 
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Figure 5. 4. 
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t:e nuimber of anittals in t~is category must equal power culls
 

being sold.
 

(4) Replacement males (purchased) have the same
 

characteristics as (3) above except they are purcnased from outside
 

the village to supplement inadequate male replacements generated
 

inter ally. In determiniig net herd output, these a. ioals are sut,

tracted from the cull power aniiial sales to produce a "net of 

purchases" output figure. 

(5) Surplus replacement males have the same character

istics as (3) above except they are not being trained for power. A 

surplus of replacement males exists if draft power requirements are 

low or a large breeding herd is present. 

(6) Replacement females (from herd) are tiree year old 

ferales produced by the ureeding herd. They are equal to .75 AU's 

and Lecome productive breeders at age four. 

(7) surplus replacement females have the same character

isticus as (6) and are in excess of ureeding herd replacement require

ments. 

(8) Calves II are two to three year old male and female 

calves whici are generated froi the breeding herd. 2hey equal .5 AU. 

Their number equals breeding cows times the birth rate. 

(9) Calves I are calves one to two years old generated by 

the breeding herd. They are assumed equal to .5 AU. Their numbers 

are equal to numbers of the Calves II category. Calves I and II are 

retained in the herd rather than sold at weaning for reasons presented 

in assumption seven above. Calves aged zero to one years were not 



included as herd biomass in the calculations of Chapter IV to simplify 

calculations at this point. 

Five different herd categories are assumed to represent 

various animal uses.
 

(I) "Strict power herd" represents the most specialized
 

arrangement found in the villages. 
 Three year old castrated males are 

purchased and trained for power to replace the culls. No breeding 

stock are kept. Output consists of power and a small net meat output 

since cull andmals weighing 500 kilograms (one AU) are being replaced 

by three year old replacements weighing 375 kilograms (.75 AU's). 

(2) "Import fraction of power herd" represents the 

presence of some breeding stock but these stock are inadequate to
 

fully replace the yearly sale of power stock culls with male replacement 

stock from the village herd. Power replacements then come from both 

village-produced calves and purchases. Output consists of power 

plus sales of power culls, breeding herd culls, and surplus replace

ment females. 

(3) " Itatic power herd" has a breeding herd large enough 

to produce all power replacements but not a surplus of replacement 

males. No purchases are necessary. Output categories are the same 

as (2) above.
 

(4) "Static power and breeding herd" has a smaller power 

herd and a larger breeding herd than herd classification one, two, and
 

three. A surplus of both replacement males arid females are produced 

in addition to power and culls. 

(5) "Static breeding herd" has no castrated males present. 

All cull females are replaced and the surplus of replacement females are 
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sold. All males are surplus and sold at three years of age. 

To interpret the results of the synthesized analysis, 

herd compositions are expressed as fractions. Thus 
.600 of total 

herd means 60 per cent of the herd is in this category, or sixty 

animals out of a 100-animal herd. Tables 5.1. and 5.2. represent 

herd compositions of the five herd situations discussed above. 

Taule 5.1. represents a numerical breakdown while Table 5.2. 

expresses composition in biomass terms. The fractions are not 

equal because of different animal sizes in the various categories 

represented. Table 5.1. is interpreted as follows: 

In the strict power herd, .875 of the total number of 

animals are working and one-seventh of these are replaced yearly 

(.125), wnich are the replacement males (purchased). Adjusting for 

biomass differe. ces gives a biomass oreakdown of .903 and .097 

for the two categories in Table 5.2.
 

Importing part of the replacement males and producing 

the rect internally decreases the size of the power component to 

allow for some breeding activity. Power replacement requirements of 

the second herd category are .515 x 1/7 = .0735 and are met by male 

replacements from the herd (.052) and purchased males (.022). breeding 

females produced .148 x .675 = .104 calves per year. Female calves 

were .104 x .5 = .052 and upon reaching replacement age, female 

calves were either used as breeding stock (.022) or were sold as
 

surplus (.029).
 



Table 5.1. Composition of Syntretic E_--rds by Animal Numbers. 

Synthetic Herd Situations 

Category 
by Animal 
Function 

Castrated Males 
for Draft 

Age 

4-10 

Ari.ma 
Urd,;i 

.00 

Strict 
Power 
Herd 

.875 

Import 
Fraction 
of Power 

Herd 

.515 

Static 
Power 
Herd 

.436 

Static 
Power & 
Breeding 

Herd 

.259 

Static 
Breeding 
Herd 

0 
Breeding Females 4-10 1.00 0 .154 .190 .259 .368 

Replacement Males 
(from herd) 3 .75 0 .052 .062 .037 0 

Repl.cement Males 
(purchased) 3 .7- .125 .022 0 0 0 

Surplus Replace
ment Males 3 .7r 0 0 0 .043 .106 

Replacement Fe
males (from
herd) 3 •75 0 .022 .027 .037 .053 

Surplus Replace
ment Females 3 .75 0 .029 .035 .043 .053 

Calves II 2 .5C 0 .103 .125 .161 .210 

Calves I 1 .25 0 .103 .125 .161 .210 

Total - - 1.000 1.000 1.000 1.000 1.000 



Table 5.2. Composition of .Jynthetic Herds by iiomass. 

Category 
by Animal 
Function 

Castrated Nales 
for Draft 


Breeding Females 


Replacement iales 
(from Herd) 


Replacement Liales 
(purchased) 

Surplus Replace
ment Males 


Replacement Fe
males (from
 
herd) 


Surplus Replace
ment Females 

Calves II 

Calves I 

Total 


.Synthaetic Herd 3ituations 

Age Animal Strict Iuport S tatic otatic S tatic 
Units Power Fraction Power Power & breeding 

Herd o2 Power Herd breeding Herd 
Herd Herd 

4-10 1.00 .903 .613 .536 .342 0 

4-10 1.00 0 .184 .234 .342 .536 

3 .75 0 .046 .057 .036 0 

3 .75 .097 .020 0 0 0 

3 .75 0 0 0 .043 .115 

3 .75 0 .020 .025 .036 .058 

3 .75 0 .026 .033 .043 .058 

2 .50 0 .060 .077 .106 .154 

1 .25 0 .031 .038 .052 .077 

- - 1.000 1.000 1.000 1.000 1.000 
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In tile last three herd situations, the breeding component
 

increased at the expense of power 
 component. More surplus animals are 

thus forthcoming increased componentfrom the breeding as tile fractions 

indicate. 

Produutior from the herds is presented as a fraction of
 

total biomass (Tuble 5.3.) and then converted to actual quantitiez, in
 

Table 5.4. by assuming a herd biomass of 100 animal units. The 
 fractions 

in TaLle 5.3. were multiplied by 100 to obtail aiimals produced ard ther: 

multiplied by the kilograms appropriate to their aninal units. The 

number of arimals in each power herd was multiplied by (20 hours to 

arrive at hours of power produced. 

The output combinations estimated for each herd category
 

are plotted in Figure 5.5. Oonnecting these points outlines the 

product-product relationship discussed previously. The slope of the 

curve can be interpreted as the marginal rate of 3uUstitlttion of the 

internediate product (power) for the final product (meat). 

The line divides tne quadranL of the g~raph into two 

sectors. Points to the right of the line represent herds in which 

the proportion of power animals is so high that an inadequate number 

of females are present to produce all the male replacement animals 

needed. Points to the left of the herdsline represent in which the 

proportion of breeding animals is high enough to replace cull males 

and still produce a surplus of power stock replacement animals. 

The curve in Figure 5.5. is a product - product relation

ship as defined previously. The curve is normally drawn concave to 



Table 5.3. Net Meat Production 

Category 

by Animal 

Function 

Age 

Cull Castrated 
Males 11 

Surplus Replace
ment Males 3 

Cull Breeding 
Fez5les 11 

Surplus Replace
ment Females 3 

Total 

of Synthetic Herds. 

Animal 

Units Strict 

(meat) Power 

(terms) Herd 

1.00 .032 


1.00 0 


1.00 0 


1.00 0 

-- .032 

Synthetic Herd 

Import Static 

Fraction Power 

of Power Herd 
Herd 

.068 .077 


0 0 


.026 .033 


.026 .032 


.120 .142 


Situations 

Static 

Power & 

Breeding 
Herd 

.048 


.043 


.049 


.043 


.183 


Static
 

Breeding
 
Herd
 

0
 

.115
 

.077
 

.058
 

.250
 

00 



T' ble 5.4. Net Production of Power ana Meat from a 100 Animal Unit Synthetic Herd 

Category 

by Animal 

Function 
Age 

Animal 
* s 

Unit 

Product 

Strict 
Power 
Herd 

ynthetic Herd 

Import Static 
Fraction Power 

of Power Herd 
Herd 

Situations 

Static 

Power & 

Herd 

Static 

B 
Herd 

Animal Power 
0 720 hours 
per Animal/ 

Year 

4-10 1.00 Hours 63,000 37,080 31,392 18,648 0 

Cull Castrated 
Males 11 1.00 kgs. 1,600 3,400 3,850 2,400 0 

Surplus Replace
ment Males 3 .75 kgs. 0 0 0 1612.5 4312.5 

Cull Breeding 
Females 11 1.00 kgs. 0 1,300 1,650 2,450 3,850 

Surplus Re
placement
Females 3 .75 kgs. 0 975 1,200 1612.5 2,175 

Total I*eat 
Output - kgs. 1.600 6,000 7,200 9,800 13,700 
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Figure 5. 5. 
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the origin reflecting differing factor intensities of the two 

products. However, variations in the shape of the curve in Figure 

5.5. are a result of variations in herd performance, not factor 

intensities as the biomass is as3umed to be supported by the same 

bundle of resources regardless of the use of the biomass. In 

either case, a constant substitution relationship along the curve 

does not prevail because of the second assumption which varied 

breeding rates along the curve. Several other factors would 

contribute towards making the curve more concave to tie origin. 

First, death rates are normally higher for breeding herds 

due to calving mortality. Death rates would also be expected to in

crease with larger breeding herds for reasons cited above. Higher
 

death rates make less meat available from surplus animals remaining 

after replacement requirements are filled. The curve lying slightly 

below the zero death rate curve in Figure 5.5. was constructed assuming 

a ten percent mortality rate at calving. 

Second, the use of dual purpose female buffalo for both 

draft and breeding purposes would push the center portion of the 

curve outward as both power and meat are being produced in greater 

quantities than under the "male only" draft situation described in 

Figure 5.5. at either end of tie curve, however, the total contribu

tion of dual purpose females declines as their function becomes more 

specialized.
 

Third, at higher draft animal levels, energy and feed
 

requirements increase since draft animal energy expenditures rise
 

rapidly during work. Thus less feed is available for non-draft
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a..imals and the net effect is a reduction in the total animal 

units the village can support. Using the results oU a Pilippine 

study (26), the 720 hours vrked per year assumed for synthetic 

herd animals would increase gross energy requirements of draft 

animals b, about thirty percent per year. This woula reduce meat 

output at high draCt power levels because fewer animals could be 

supported ,y village feed resources. 

A fourth factor not related to the techmical factors 

underlying the shape of the curve, is transaction costs involved 

in convertiig: from one sy:.te to another. These costs arise when 

animals are sold for a salvage value less than the acquisition 

price or less tha- the marginal value product of ar, asset in its 

primary func tion. 

Power Demand and Leat Demand 

The produLt - product diagram also represc. t. product 

comLinations produced by, a given level of total costs since tie 

sane resoiu'e bundle was used in constructing tne curve. Faced 

vitn t.is cost , the rational producer will atteipt to maximize 

revenues (returns in this case) for tiiese products. Iultiplying 

quantities times prices at each product level produces a series of 

iso - revenue lines moving outward fror the origin as the resource 

bundle is increased. The highest revenue obtainaule for a given 

resource bundle is the point of tangency between tle product 

product and iso - revenue curves and is represented by points 
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e, f, g, and h in diagrams I and II, figure 5.6. 

Diagram I represents a product - product curve where 

the rate of substitution is constant and a decrease of one draft 

animal allows a constant increase in meat to be produced at every 

point along the curve. Diagram II is more representative of 

village conditions where diminishing marginal rates of substitution 

of draft power for meat production holds. A change in relative 

rates of enterprise return would sLift the revenue maximizing 

product mix from point e to point f. A shift of this type would 

occur over time in response to changes in technical and economic 

forces influencing livestock returns. Increased birth rates or 

more rapid animal growth rates would increase the returns to breeding 

enterprises and therefore increase meat production relative to
 

power production at equal biomass levels. This would correspond to 

a shift from point e to point f on diagram II, Figure 5.6. Con

versely, increased crop prices, ceteris paribus, would increase returns to 

draft animals and have the opposite effect. 

A shift in consumer demand for beef is illustrated in 

diagram IV, Figure 5.6. Demand increases to D' increasing meat 

prices. Since meat is the primary product of the breeding enterprise, 

a shift from e to f occurs. The factor - factor diagram (diagram 

III, Figure 5.6.) illustrates the effect on animal power use of de

-
creasing prices of tractor plowing services. / The movement from a
 

Chancellor (11, p. 79) estimated tractor service rates decreased an
 
average of 7.2 percent per year over the 1965-1969 period.
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to b illustrates the substitution effect at existing crop output 

levels. If tractor plowing introduces a scale effect, the curve 

would shift outward and increase power demand on a per farm basis 

over that at point b. However, per unit of area use of draft 

animals would be less. This was the case in Nor-g Jek Lee where 

larger farm sizes and some douole cropping has created a strong 

per farm demand for draft animals although per rai use of draft 

animals is generally less than those found in the other villages. 

A more detailed examination of the mechanization effects is carried 

out in Chapter VI. 

Shifters of Biomass Production Levels 

Offtakes from village herds increases when the biomass 

increases, when an existing level of biomass is used more efficiently, 

or both. Changes in crop and forage production technology allow 

biomass increases while improvements in livestock production tech

nology allow increases in production from existing bionass levels. 

Crop Production Technology 

In order to substantially increase the biomass levels of 

a village, crop production levels must be increased and the subse

quent forage prodicued must also increase proportionately. The 

planting of sugar cane on sorghum land would not increase available 

feed supplies but actually decrease these supplies. Neither would 

double cropping at low levels of technology necessarily increase 

biomass support levels since the land being replanted could also ue 

used ae a pasture source during the period of second cropping. The 
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roU of I ,L'ovCd Lrop irodk1ctiox tecLnolo ,' i-I to L)r'L'W- L.10 Orc 

to - one feed supply relatioaslip between cropland and pasture land 

so total 2eed supplies in tiie village are increased. Tie effect 

would be to shift the product - product curve of diagra:: II, Figure 

1 

5.6. outward and, assninir tie new crop technologies increased 

animal power demnad, shift tne product mix in favor of a higher pro

portion of draft animals. 

In actual practice, increases inl crop production intensit-, 

ill other countries has ueen accompanied by major structural snifts 

ii- bovine rroLtuction. The inLreased resource productivities Mi e 

crop !-roc. Ltion -,ore Jroiitaule than bovine production at existi-,

levels of uovine production technology and investmentc, iii resourcers 

flow into crop production. Increased cropping iibtensity has oi'ten 

led to increased mechanization w:nich contributes further to this trend. 

Thus a major weakness of tiis model is the lack of a well defined 

relation:-id. uetweer, change,- in crop production tecrioloa/ and uiomxass 

support levels. 

Forage Procuction Teclnology 

Improved forage technology will be confined to improving 

the productivity o C existing pastures and to programs of reseeding 

idle croplwid to forage crops between harvesting end planting periods. 

There is no effect on level of tne intermediate produc t, fodder pro

duction. The shift is in nutrition produced per unit of pasture. If 

the uiomass is supported only by fodder production, no change in 

biomass i:. forthcoming. As more and more grazing land is suustitut~d 
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for 	fodder, the same level of biomass can be supported by smaller 

levels of grazing land and fodder produced. Conversely, the same
 

levels of these intermediate products can now support larger levels 

of biomass. Diagram V, Figure 5.7. illustrates the result. The 

higher biomass curve (100 AU) represents unimproved pastures.
 

Improved pastures allow 100 animal units to be supported with fewer 

resources, or the higher curve would now become some level of biomass
 

greater than 100 animal units. The effect is to shift tne product

product curve outwards. Forage production technology alone would
 

cause no change in enterprise rates of return so no shift along
 

the product-product curve occurs. 

Bovine Production Technology 

The following improvements in bovine production technology 

are discussed together since they all have the same effect on the
 

system: 

(a) 	 increase in birth rate or growth rate, or decrease 

in deatii rate; 

(b) 	 increase in maximum animal size at maturity; 

(c) 	 disease control and prevention which can be 

analyzed under (a) and (b) above; and 

(d) improved breeding stock and breeding practices
 

which also effect (a) and (b) above. 

Increased bovine productivity is not reflected in Diagrams
 

I - V in Figure 5.7. The impact is on production of animal power and 
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meat from a given level of biomass. By referring back to the 

synthetic herd analysis, increases in the productivity levels 

assumed bring forth direct increases in output from the same 

level of biomass. 
Graphically, the product-product curve shifts 

out in Di. -am VI, Pigure 5.7., but the level of biomass remains 

constant; alternatively, the original output levels of curve ab 

can be produced by 
a smaller, more productive bovine herd.
 



160 

CILAPTER VI 

IAJWOR RESTRAINTS 

O OUTPUT EXPAR SIOV 

Introduction
 

P,ie discussion of proLlems nurroi rdinl. uoviie productiot 

in Ghapter I indicated that bovi e production has been unable to 

atch tine general growth of the economy. This indicates that constraints 

have arisen: a:; the agricultural sector of the Thai economy has been 

suujected to ttie forces of modernization. A brief discassion of tne 

trauitional versus modernizing crop-livestock production system points 

o'rt -ore problem areas where constraints to increased bovine produc

tio' Iave arisen. 

:'rauitional Versi s 1 odern 'ystens 

.ui ag-ogreate fooa production-consumption model for Dovines 

wo-.ld have population gCrowth causing an increase ii rice cropping area, 

whir-1 ii turi would irrease draft anizaal requireme,,ts arid thus result 

ir, a lar-cr total i)ovine population. The larger uovinre population 

would result it a larger riuer of cull animals (neat supply) w"iacke 

would affect per-capita consumption levels of ueef. In tnis simplified, 

traditional systeri, population growth gives impetus to tiie system. The 

historical pattern in pre-Vorld SVar II Thailand was as follows: 

1. Population growth was increasing without major rural 

to urban miration. 
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2. The increasing population settled new areas, expandin,-,
 

rice area roughly in proportion to population (24, p. 310).
 

3. Under traditional technology, draft animal requirements 

increased in proportion to rice areas cultivated as did tne animal 

populations required to produce the draft animal-. 

4. The increasing bovine populations produced cull animals 

and thus meat supplies rougHly in proportion to population growth. Fer 

caoita consumption levels would be ntatic. LWost aniimals were consumed 

in rural areas where the vast majority of the population lived. Pricing 

and marketing were not well-developed. 

Pout-Aorld War II developmentri have seen suostantial shifts 

in demand conditions a d production relationships which have disrupted 

t,,e traditional population expansion - meat supply model outlined above. 

First, population growth has accelerated and a rural to urban migration 

has begun. To maint.ain constant per capita consumption levels of 

cattle and buffalo meat, meat supplies, both in total and per producer, 

must expand at an increasing rate. ;econd, the expansion of rice 

area has slowed arid the expansion of upland crops has increased but 

presently at a decreasing rate. These two factors plus the introduc

tion of tractor plowing on a large scale (11) has altered the tradi

tional rice-draft power linkage. The decreasing demand for draft
 

power requirement- plus the slowing down of crop area expansion appears
 

to have dampened the growth rates of bovine populations. Conoequently, 

cull animal production and meat supplies have not expanded sufficiently 

to mai ,tain per ca 1 ita consumption levels of cattle ana Ouffalo meat 

on a nationwrde uasis. 
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"hic chapter proceeds by looking at uovir e problems aid 

)ro"u.itio at two levels. At the macro level, production and price 

re] atio, ip:- are examined along with legislation, export and promo

tio,. !oli, ie.i. At tne micro level, the results i.f this study are 

a. lica i., an attem.pt to provide insi ,to and ai,.xwerri to the major 

qiie..Lio-,xi ..r-.ed at the higi.er levels of plu,,,ii., re',carcn, and 

polic-, i:.'icraentation. 

Trend. at the ,acro Level 

T'.e i o ;t obvious question is, ir. tie fa,:e o- xoloa in

crences i, cattle and uulfalo numbers and a starnaijt technology 

coupled vrit'i a ri.,IdlL inureasin,- population and rising pr capita 

incomes, wtiy haven't retail beef prices shot upwarrs'. Over the ten 

year period, 1'.57 to 1'66, cattle numbers increased i average of 

•3P1 oerceiit per yvar -w'ilc wolesale Bangkok neat trioe:, ilicreased 

1.34 tperce, t ner year (deflating prices would lower the rate'of 

price iLcrease moderately,). The corresponding fiure- for ouffalo 

vere a 1., 3 Lercen't per year increase in nurnuer,-- ard a 1.61 percent 

per ,ear in ",,iolesale meat prices. Assuning; ai, income elasticity of 

demar.d of one, demand ivcreased ty ar average o. 11.0' .cruert per 

year over tlhiu sane period. 3everal explanations arc T)o:::iible. 

First, the increaee. in bovine production coild have been 

gro.,sly vuderestimated suca that the supply curve ha: 1,.eun shiftiiig 

at a -.ore rapid rate tia.. indicated uy official statiotics. The 

eatiates given above were provided by the Departnent of Livestock 

Develojwent, Linistry of Agriculture. In fact, the figures may over

http:attem.pt
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state actual animal numbers as the 1963 Census of Agriculture showed
 

only 67.8 percent of the cattle numbers and 72.7 percent of the
 

buffalo numbers reported for 1963 by the Department of Livestock
 

Development. Reported slaughter estimates grossly underestimate
 

total national slaughterings because of the widespread presence of
 

illegal slaughtering. Data collected in a recent survey by the
 

Division of Agricultural Economics, Ministry of Agriculture, should
 

help improve national herd estimates. However, the Department of
 

Livestock Development estimates are the best available at present
 

and show no definite trend towards rapidly increasing animal numbers.
 

The second possibility is a highly skewed distribution of the
 

increase in incomes over this period which decreases effective demand
 

levels over those of a more evenly distributed income growth pattern.
 

Over the 1961-1967 period, the total value of agricultural, forestry,
 

and fisheries products increased an average of 1.98 percent annually
 

while overall population increased at about 3.2 percent annually.
 

Allowing for a limited amount of outmigration from the ugricultural
 

sector, the population of the rural areas (approximately 80 percent
 

of the total population) has not shared the income growth of the
 

Kingdom equally. A large proportion of income growth has occurred
 

in Bangkok and the surrounding areas comprising less than ten per

cent of the total population. This appears to be one reason for a
 

less rapid growth in demand that would seem warranted by a simple
 

interpretation of aggregate data.
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The third factor seers to be the rapid development of 

co-nerciW hog and poultry enterprises near the najor consumption 

centers. :hile tle majority of the pig and poultry production is 

still of the village "backyard" type of operation (28), coimercial 

production of breeding stock, feeder pigs and fattening operations 

plus factory-type broiler, egg, and duck-producing firms seem to
 

have supplied increased amounts of meat at near constalt prices 

over the past fifteen years. Over the 1955 to 1966 period, hog 

nurmers increased 2.58 percent annually and prices by 1.46 percent 

annually. The corresl.nding average percentage increases for 

chicken were 1.87 percent for quantity while undeflated price stayed 

the nane. In addition to the increases in numbers, annual extrac

tio,- rate' CrO-m ti.e national swine herd and poultry flock probably 

increased i.inificarltly thougn the unreliaule slaughter aata do 

not pen.,t extraction percentages. The introduction and cross

oreeding of exotic Er-fne and poultry ureeding stock was rapid during 

tiis period. In addition, hog and poultry vaccinations became corvmon 

and improved feed formulations were introduced. The sutstitution of 

poultry and pork (and pon:siuly fish) for beef appears to be a major 

factor holdirg do,,n Leel' shortages a,.d price increases. If consumers 

regard vee.C as an inferior good vis a vis poultry or pork, the sub

stitution of these for beef would be further accentuated over this 

period of rapid income growth. 

Legislation, Promotion, and Export Policies 

Historically, the government has sought to maintain animal 
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nuumoers by tne regulation of slaughtering practices. The Propa

gation aid Conservation of Livestock and Beast of Burden Act was 

passed in 1,4j to reauce slaughtering of draft animals in order 

that adequate power sources would be available for crop production 

purposes (34, p. 11). Under this act, all cattle and uuffalo
 

snipped for slaughter must meet one or more of the folloving 

req uirements: 

i.cir4; 8 to 10 years old or over. 

If fen:ale., beint: over 15 years old. 

PIeinf, lane or crippled. 

lhei:.g over 5 years old and sterile. 

Having poor specimen of offspring. 

Having inherited contagious diseases. 

In special cases, for religious purposes. 

The prevalence of illegal abattoirs makes the act of
 

little practical significance when the conditions which caused its
 

formulation (meat shortages and wholesale slaughtering of stock) 

are not present. For example, in Chieng Mai, a major consumption 

center in Northern Thailand, no buffalo had been sent to the munici

pal slaughterhouse during 1970 although the previous year's estimate 

showed 178,92Z buffalo in the province (3). 

Iore recent trends in legislation have formulated policies 

to promote large-scale commercial production to meet local demands 

for high quality meat a.id develop export markets. It. 1970, the Board 

of Investment, Ministry of National Development, announced that cattle 

farming, slaughtering and meat freezing were to be promoted industries. 



Project conditions included a minimum capital of five million baht, 

excluding land and working capital, cattle to be slaughtered must
 

be fed at the investor's own 
 farm for at least three months, and
 

operator.; may only store 
their own meat in tiieir deep freeze storage 

facilities.
 

The first promotional certiIfuate wau pranated to Chokchai 

RP'aci Coilpai y in January, 1971 with a 62 million baht investment.
 

Later, i1 1971, the Department of Livestock Development began to
 

require exporters to develop 
 tieir owia farms. 

These trends indicate the tying of both slaugntering and 

exports to large-scale specialized production. The legislation was
 

for,ulated 
 to bypass several constraints. First, the major beef

importing countries, particularly Japan, do not 
pernit imports from 

hoof-and-mout-disease-infected countries. 
 11y tyini exports to
 

disea.ie free commercial producers, the goverunent hopes to get around 

this ostacle. 3econdly, a general rise in cattle und uuffalo prices 

ic tundesiraole for consuners and for the Kingdom's stock of draft
 

animal-. If a 
 major export program developed and commercial production 

was not kept searate from the village production, domrestic prices 

would rise towards world prices. Brisbane saleyard prices had been 

averaring ,25 to o21 per hundredweight over the study period while
 

3angkok saleyard ori(:cs were in the $9 to $10 
 range for cattle w a 

47 to 0.50 rai_:e for buffalo. - / If Thai exporters could get world 

prices, there would be a 
enormous incentive for exporters to buy
 

I_/ It should be noted that t Le quality an-d dressing percentages
would be mu,-h lower for the Thai animals at village level conditions. 

http:disea.ie
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village culls and export their meat. Given the problems of export 

control .hich have plagued Thailand (43, 45), the required segregation 

of markets would be difiicult to achieve. 

Adoption of New Tecanolo[Zy: Bovine Production Versus Poultry and I[o;_ 

Prodnution 

Examination of price and production relationships for 

bovines in an earlier section of tUs chapter indicated Iustaincd 

increases in poultry and pork production and development, and in
 

certain circumstances, of factozy-type production systems employing
 

improved technology. Through a combination of circumstances, a 

parallel trend may be developing in cattle production. Three 

questions arise. First, why was improved hog and poultryv technology
 

adoprcd prior to its use in bovine production. Jecondl.,, why did it 

lea to factor,.-ty pe systems, albeit still on a limited scale: Third, 

will tue adoption of improved bovine technologies necessarily follow
 

a similar pattern.2/
 

The first phenomena is widely observed in tropical countries
 

and is partially related to productive efficiency and the environmental
 

:qodfi.ications necessary to achieve high production levels. Early 

successful transfers of genotypes to Thailand occurred when exotic
 

breeds were able to increase animal productivity witnout substantial 

modifications of the environment being necessary. Duroc and Yorkshire
 

2/ Discussion ol' tese three questions is based heavily on conversations 
and correspondences with Dr. Jam(is E. Jolmston, Animal cientiat, The 
R.ockefcller Founda ion, "angkok. 
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hlogc,' are aj exw, pie. Irahmin cattle have also ,,eel, readily accepLed 

,, 'Tnai Tr'r.nzers but large increases in ani.al growti ind size have 

not eer: acnieved witnut some improvements i' environmental condi

tio-s. Ir t.,is respect, disease control may oe (crucial. Duckman 

w d I ac-,eficld (13) aistinguish between two main classes of livestock 

-,it.. re--, eo b to this traisferability. 

. . In te . .st class:, which includes pigs and 
poultr3, te-ipe ate gevotypes cani be transferred to 
:ost t'opical environrncnt wNith :on1lete suuces. 
Ir tne second class (cattle, nhecp, goats) t'lis" is 
Inot -Isually possiLle until the e.,virorment na,, i.ee, 
rloaifiud, at ]cast by the control of dineane: (p.45). 

Itore recently ;a ta Gertndis cattle have been introduced 

but nave rot provern Leasib) e to produce under vi)]at-e co,ditions a, thue, 

require a ifiun improved environmelit which village faers are as yet 

unaole to provide for their cattle. 

Another factor influencing adoption is the traditional 

function of tite animal. Generally, pigs and poultry riave been kept 

primarily for production of meat and eggs and the iritroduction of more 

productive genotypes increased proauctivity of these typeL, althougrl 

some improvemeits in animal environei.t were usually required. Catt]e 

are traditionally kept for tue draft purpose a. d only secondarily for 

use as reat. The Lrahmin is suerior in both respects and has beei: 

adopted whiereas tae .anta Gert-udis, an eve, ietter meat prodvcer, has 

not .een accepted oecause the -ralnir is a superior draft animal. 

A t',ird factor 4s vastly different replacerient costs and 

availasilities. For tne cost of an imported cow the far..er could 

uurc:.ase several thousand chicks or forty exotic weaner gilts. The 
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investmeitt costs of establishing an improved enterprise are much 

greater while the ability to supply additional improved stock is 

much less in the case of bovines. 

The second question must be qualified by what is meant 

uy a factory-type proauction situation in the Thai setting. An 

operational definition would be a producer having one or more pure

ured Poar. and fivw or miore brood sows wtle a factory-tjI,. poultry 

syrto .oula have a miri,.,umn of 100 to 200 birds in a co fii ed, cori

trol2ed ;i-. itio. . The terin fE ctor;y-type, when applied to Thai 

lar.-e scalE rattle producer.s, does not imply in:te..sive o~eratio,.s 

of t..e co-±'ix:ed fecding t~pc but instead more extensive t. pe of 

inproved. rrazing operations under generally better erviroanental 

conditions tilan are found in the villages. They are factory-type 

only in that large quantities of meat are produced, slaughtered, 

and processed in an integpnated operation. 

The second question is partially explained uy the aDove 

discussion. The small investment per animal required by pig and poultry 

.operatio, o allow- eusier and more rapid expansion towards larger 

systems. Returns to tue initial investment begin earlier allowing 

re-invest:ient to Legin sooner. The factory-type system in egg pro

dujction tended to oe Jinported as an eitire technology package 

(animals, building designs, cages, feed formulas, vaccines, and
 

management practices) and very little local technology was required. 

This was true to a lesser extent for broiler and pig production and 

adoption has proceeded more slowly. In the case of cattle, major 

gaps in teckmology still exist - particularly in the areas of pasture 

productioii, Plana,umeiL, Lud animal health - before fatory-type 

oz.nte,,i: cat. i) v;idely adopted. In summar, t t..e major diLference 
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betweer: hog-poultry factory-type operatior,-i and a fautory-type 

cattle operation as proposed by the Board of Investment guidelines 

is tne riuch greater aounts of land and capital required in the 

latter. Thus a trend toward a factory-type system in the hog-poultry 

sector ard the boviio sector has vastly different meanings regarding 

entry co: itions into the industry and interpretatio of a trend in 

the one industry has little signifiuance for evaluatin; posiule 

production org'nizations in the other. 

The third question is the most difficult Lo wi.-ier uitil 

practical ad locally adapted nutritional and animal health sources 

are readily available. lowever, the nature of bovine production 

systems cause them to be more capital intensive than hog-poultry 

operations. The tying of exports to promotion privileges accentuates 

thi., tendency. The only way to avoid large-scale operations having 

al advantage over village farmers in access to new teuxiology would 

ue ii'tensive research on improving productivity of pre,eit forms of 

crop livestock systems simultaneously arid the provision of adequate 

capital and la'owledge to use the improved production teckrnology at 

the village level. Presently, mo.3t countries which have efficient 

beef industries co:,%ine a low cost system of producing feeder calves 

with aii intensive finisning operation based on pasture (Australia) 

or grain (USA - Europe). eeder calf production ray be through use 

of low cozt grazing areas for cow herd maintenance or the use of 

dair, bull calves. These technologies are not suited to Thailand 

t the present time. 
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Insi,:hts at the Micro Level
 

Technology 

An additional implicit assumption beniid current invest

ment privileges is tnat cornercial bovine producers (presently only 

cattle are being proauced comercially) will ue ale to emulate the 

suce. si't-l adoption of improved technolog, carried out Ly Uommeo'cial 

Dnoult- a d In, prod1cer-;. The requiremei.t of 1irge capital inveot

ment (in addition to land) plus the provision of slaughtering and 

freezinig facilities will require levels of tecinology anu ma.agement 

far ieyoid tL:o3e fou.ind in the villages. Whetier cost:; .'ill be r-,L'

fiuie-.tl reuuced to cou~pete with traditional villagc prod'.uction 

syste :o renains to .. e seen. If the traditional amid large -cale are 

kept separate and a suustantial export market develops, costs in 

large .,cale operations need not approachi village level." to itill showi 

profit3. 

The official approach appear,3 to aoswre improved bovine 

production teetmology is available (at least for cattle). At this 

point, three questio-s seem relevant. First, is improved technology 

really available to Thai hovine producers'.' Second, if it is availaule, 

for which species is it availaule, has it ueern adopted, and if not, why 

not'. Third, what new technologies or modifications of existing tech

nologies are needed at the village levelY The sources of improved
 

productivity outlined in Chapter I included genetic improvements, 

nutritional improvements, animal health improvements End better housing 

and management. 

Genetic Improvements.-- Improved breeding stocK was 

available in certain areas of the Kingdom, particularly regions of the 

Northeast near the Departme,,t of Livestock Development Stations. These 

http:fiuie-.tl
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were Fra'xiin crossbreeds and adoption seemed uniform where breedin, 

stock was availaule. Under good nutritional and naxager.:ert conidi

tions, rmaxim-un a imal size /increased dramatically.y- The large-scale 

promoted farms were using Bralmin arid Charolais purebred and cross

ored aiAmals in tieir breeding programs. The problems at tiie village 

level of noor nutrition, pest control, and management were making it 

impossible to achieve the productive potentials of the crossbred 

cattle. The price differe,-tial reflected speculative or status 

factors ratiier tia, differences in animal size or vigor in virtually 

every instance. 

breed improvement of buffalo is possiule by selective 

breeding. Wit.ain the villages, buffalo sizes we c more uniforri than 

cattle reflecting more uniform breeding and management practices. 

Given the diffi;ulties of detecting female ouffalo ii, heat and mating 

difficulties, the provision of specialized buffalo ureeding stock iii 

the villagc:; was not feasible. Buffalo breeding was totally haphazard 

whereas Praoinu sires for cattle were availaule at stud for a fee in 

Vo. Jon Boon and almost every villare visited in the Northeast. Thus, 

for cattle, ureeding tecanology is available in some areas ad is expaiiding 

to ottaer parts of thne Kingdom. It appears profitable a..d a market has 

arisen which reflects tis. Further iinprovemeuts will Ue from the 

introduction and crossbreeding of better adapted, more productive 

exotic varieties and provision of the necebsary enviroiimental modifi

cations. The genetic improvemei.t potential of buffalo appears limited 

at presei 

!/' A pair of matched Brahmin crossbred steers were tape measured 
in the Nortneast and their eatirated weights were over 1600 pounds each. 
The largest native animal measured was 1100 pounds. 
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Nutritional Improvements. -- A limited set of improved 

forages are available including Para Grass, Hybrid Napier, Guinea 

Grass, and several clover varieties. Concentrates are available in 

the forn of rice bran, corn and sorghum. Ian.ufactured supplements 

for nojgs are availaule locally. Concentrates and supplements are 

clearly unpro.Litable at present bovine price levels. Although 

sore forar-c varieties are avai'able for free at several Department 

of Livestock Developrert 3tations, use has been negli.ule. The 

reasons are two. The necessary forage management tecaniques are not 

availaole nor is the cap:ital necessary for fencing. Second, land 

preparation and forage planting offers low gross income per unit of 

land area. The synthetic cattle herd kept strictly for breeding 

produced 137 kilograms of meat per animal unit per year. If improved 

pastures could double the best carrying capacity found in the case 

study villages, two rai of land could support one animal unit with 

some fodder also provided. With a village price of 3.5 baht per 

kilograri, ,gross value produced per rai would se 240 baht per year 

per rai. A 350 kilogram per rai rice crop sold at one baht per 

kilogram would gross 350 baht per rai while corn would increase the 

gross to 400 to 500 baht per rai. Ntritional improvenentc would 

nave even less effect on buffalo as the buffalo digestive system can 

readily utilize rice straw and other cheap, low-quality forages very 

efficiently (27). :Successful nutritional improvements will require 

a combination of (a) better adapted forage varieties than are 

presently availaule, (b) improved matiagement tectiniques including 

the aoility to Lit a forage system into present patterns of crop 

production, (c) improved breedinC, to utilize the potential of the 
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forages, (d) improved sources of intermediate tern credit for 

fencing aod land clearing costs, and (e) giger villuge level 

bovine prices.
 

Animal Health Improvenents. -- Animal healti. technology 

is Cenerully; unavailale at tie village level. jerums aLd vaccine,, 

are availaule from tae Provincial Veterinary Officers uat the 

krow.ledge of when or how to administer then is laci:im. '"he normal 

visit per year the veterinarypatter, is ojie b.:, orfit.er. Only a 

ge eral ovtbrpak of a fatal disease bri, :s additionul visits. Ui1der 

e:i;ting levels of nutrition, improvemetr it,artiial iiealth .vIould 

most likely have a minimal effect. Thailand's bovines are well 

adoyned to local disease conditions, whicu are p,.rtly dictated uy 

cli:matic conditior-s. Water uuffalo nave developJed some re.istance 

to ticTks, foot ana viouti disease, rinderpest, anthrax, ana haenorr

ha:ic sep)iuamia (alt.!oug tne latter still caujen most iulfalo death,; 

fro, disease) (.17, .).264,). A linited ability to dissipate heat is 

co peisated Zor L.y viallowing during thu hottest part of tne day. Thai 

Uat le arc snialler and maintaini slower growth rates ta. cattle ii, 

temperate zories, thus reducing feed requiremerts and maintaining 

their healt,. They ive strong, long legs for walking long distances 

to feed and water sources. They attract fewer ticks than temperate 

breeds. Their "comfort zone" is 500 P. to 800 F. as contrasted with 

300 P. to 600 F. for temperate types. The temperature at which their 

thermoregulative mechanisms begin to fail is 950 contrasted to 800 for 

temperate types (47, p. 9-10). In body temperature trials, Zebu 

http:orfit.er
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animals have always had the highest heat tolerance coefficient 

(48, p. 319)A"' 

Housing and 1lanagement Improvements. -- Present struc

ture- provide adequate protection from weather, thieves, and pre

dator, for" small aerds. Intensive feeding of larger herds would 

require suLstantial changes in traditional structures. Structures 

appear to ue the least crucial constraint at tis stage of village 

livestock developmeit. 

L a. agemeut o± small scale cattle and buffalo herds is 

adequate in most respects. oeasonal supplies of nutrition are 

aajusied for to avoid serious losses during si.ort forage perious. 

Breeding is not managed, except when stud bulls are present but
 

this does not appear to have serious consequences for cows or calves
 

(refer to seasonality of parturition discussion in Chapter IV). In 

general, animals are managed as a part of a system in which their 

primary goal is to supply draft power. The management function changes 

when herds are kept exclusively for the breeding of animals for sale. 

It is here that a management constraint appears most serious. The 

inability of Non jon Boon cattle breeders to significantly improve 

birth rates, animal sizes, general animal health, and to provide 

adequate nutrition over the mixed breeding-draft systems of the other 

two villages highlights this problem. In a number of other villages 

-4J Heat tolerant animals have slow growth rates and late 

maturity, conditions which are necessary to avoid being placed under 
undue stress by harsh environments. The heat tolerance coefficient
 
has ani inverse relationship to productivity. Thus, overall environ
mental improve:ients allow more productive a-imals to be introduced even 
though they are less heat tolerant (correspondence wiLd Dr. Jamies B. 
Johnston).
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overall elTicien y of large breeding herds of cattle appeared to be 

lower than for smaller herdo of breeding-draft-type animals. The 

ability to provide adequate nutrition for the larger herds was a 

major proulen. Increased live birth rates also seem difficult to 

achieve with present levels of management as do inproved health 

measures such as dips, oilers, or worming procedures. 

In sununary, the genetic, animal health, housing and management 

constraints become serious only after improved nutrition becomes available. 

With improved nutrition, exotic crossbreeds will grow faster and attain 

larger maximum sizes (10). With improved nutrition, feed utilization
 

becomes crucial so animal health mu.it be improved, particularly reduc

tion of internial parasite loads. jimilarly, improved management anu 

housing wo010 Lic necessary to take advantage of' Uigher herd offtakes, 

increased levels of narket transactions and capital investmeits, a:.d 

better housing of larger herds. 

I echani zation 

Lajor structural changes in village bovine herds would 

occur if tractors rapidly replaced draft animal functions. Currently, 

tractor use is concentrated in the initial plovring function where 

cost and timeliness factors have been most pronounced. Budgets 

constructed from a larger study (44, p. 130) indicated net income 

for a 21 rai paddy farm would be increased 33 baht per rai by the 

use of tractor plowing in place of the water buffalo. The more 

limited results of the case study village crop productio, analysis 

tended to confirm cost savings in most cases from tractor plowing. 

For paddy land plowing, animal costs were 26 baht per rat in Mlapkhae, 

42 baht per rai in Non ;om Boon, and 28 baht per rai in Iong Jek Lee 
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while tractor ploving costs were 14 baht per rai in Mapkhae, 33-35 

baht per rai in Non Som Boon (rate taken from (44) as no tractor 

plowing was done in this village), and 20 baht per rai in Nong Jek 

Lee. Upland animal plowing was cheaper in Non Som Boon (27 baht 

vs. 37 baht for animal and tractor, respectively) but more expensive 

in Nong Jek Lee (34 baht by cattle vs. 20 baht by tractor). Given 

declining tractor service charges per unit of area cited by Chan

cellor (11), the cost advantages should continue to increasey 

Despite the cost advantages, draft use continued to ue 

an imoortant input in most cases. Tractor power has perritted sub

sta tial expansion of cropped area. Thus, even though per rai use 

of animals is reduced by tractor plowing, per farm uL of animals 

remains high since farm size has expanded. 

Another major factor has been an easing of peak period 

human and draft power demands plus the timeliness of operations 

which has pervitted increased cropping intensity to take place. 

Chancellor (11) summed up his findings on Thailand as 

Almost every farmer hiring tractor service combined 
the time saved and other resources to produce 
additional income. Although the enterprises were 
quite varied, 65 percent in Thailand---chose enter
prises based on agricultural intensification of the
 
type which would not displace labor from rural to 
urban areas (p.2.7 

Further meciwnization effects include under-utilization 

I_/ Cost advantages of tractors tend to be exaggerated
 
however. Village animal rental rates seemed higher than actual 
supply prices because farmer who rented animals always would have 
preferred to ovm them. Due to some misfortune, however they had 
lost their draft alLimals. 



178 

of draft unimals and a possible shift in relative rates of crop 

versus livestock returns. Under-utilization would occur since the 

difference between draft animal acquisition price and salvage value 

was ubstantial. Thus the animal would continue to ue used as long 

as the marginal value product exceeded tne salvage value of ti-e 

anirial (25). This pheronena helps explain w1l no dramatic decrease 

in draft animal numbers hre occured as meia. izatio-i progressed. 

During the study year, two factors maue certain crops a 

gooi inve-t' ent relative to livestock. The crops using zero or 

moderate miounts of draft power inputs, such as sugar Lrw:e, kenaf,. 

cori; ana rug ueanc, weiv highly profitable during tie ctidy year. 

Rice, tiie heaviest user of draft power lost noaey il, every case due 

primarily to a precipitous drop in rice prices. If rice oudgets 

v'ere evaluited using listorical price levels or pri,.e levels w.iduh 

,aould have hi:storiually prevailed in the absence of the rice premium 

(a fon oi cxport tax viiLich depresses domestic price level.,), rice 

enterprise,,,.vvuld nave been moderately profitaule. 

The use of tractors hao undoubtedly fostered this trend 

as they perinitted rapid increases in the highly profitable upland 

crops wnich woula have been difficult to achieve u,-ing traditional 

draft power sources and implements. Thus, given ca,,ital constraints 

on enterprise expansion, investrent has been towards upland crop 

prodtction expansion rather than on bovine enterprise Jmprovenent 

and expansion. This is certainly tie case in Poiig Jek Lee where 

idle pasture and rice straw is not utilized by expanding the village 

hord. Uplnk prouuctiai is a better investment tuan ani expanded 

breeding herd. This would appear to be true also in Ikiapkhae where 
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the farmers getting a sugar cane quota have promptly sold t.Leir 

livestock and began cane cultivation. I.LeclhaLization Ias not yet 

entered Non 2on roon (vrti± the exception of truck hauling) and all 

crops require cubstantial draft anial inputs so tiois phenomena has 

not yet occured. 

Farmers' Attitudes 

The fanners' attitudes towards his bovines seemed to 

correspond to the degree of modernization attained in their crop 

proauction activities. Large cash crop faraers using tractors, 

sprayers and corn shollers in NTong Jek Lee responded ao follows: 

If tiie price of cattle looks good this fall, I'll 
sell them all and try and purchase cheaper a inals 
next spring for my fieldwork. I like to uuy and 
sell livestock to see if a better deal is possible. 

Miore traditional Northeastern faimeru in !.on Sos Boon 

tended to look on ttueir animals not as pure commodities but as an 

integral part of their system. Nakajud described the prevailing
 

attitude well (34).
 

Students of culture and rural sociology would fLnd 
that cattle and water buffalo are not commodities 
or ordinary possessions, but are part of tjie st*'.eam 
of life for the rural people. Cattle and buffalo 
are often given auspicious names, such as Ekum 
(support) or Aikum (beneficial), either uecause 
they feel such animals would produce a large number 
of offspring, or it woul, help produce a numper
 
crop in the manner of the Thai kings wao similarly 
n med their war elephants, steeds, or swords, which 
brought victory to them (p. 10). 

Even in Non Som Boon, however, the source of a new and
 

profitable techrwlogy, exotic breeding stock, is breaking down the 

cultural attitudes towards cattle and buffalo. 

Old cultural attitudes are being replaced by new status 
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symbols, however, The ownership of a matched pair of white, humped 

bullocks for cart pulling has become a social sytiool where Brahmin 

sires are common. Rufeurer found this prevalent i.i his case study 

villages (39). 

In contrast to only a few yearu ago, when rahmin 
cattle ware not accepted by farmer (37), a great 
deal of price is now attached to owrnermiip of such 
animals. Farmers ir, Village I were riot satisfied witi 
their ox teams until tihey had ;iquired a riatched pair 
of humped and spirited animals. Bota villaLes had an 
apparent surplus of Bratimin ,:ires . . . (p. 145). 

This status s, ool might be interpreted in light of the 

traditional status role animals play in many African soc:ieties. 

Detailed evononic investigations in Africa have shown the presence 

of tuiderl.-ing econo'mic factors such, as capital accumulation, tae 

levelin, out o1 eat-,ial income patterns, wd speculation purposes 

(12,41). Altinouglh wealth accumulation througLi arimals is not wide

spread iii Thailand, the underlying motivations, particularly among 

traditional faniers, may be similar to those observed in Africa. 

Undoubtedly, tue introduction and expansion of upland 

crops has led to increased monetarization of the economy. Profita

bility noei becomes a relevant decision making variable for the farier 

and tiere seens no clear cut reason why the ame criteria will not be 

applied to livestock production as it is applied to crop production.
 

In fact, re,'ult9 of the aialysis carried out in Chapters III and IV 

indicate ±arners' attitudes have not created a dual structure in 

wlich moCernizing crop production exists side oy side with a tradi

tional livestock production sector. In fact, both crop and livestock 
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production have responded to changes while maintaining, w-rith some 

minor exceptions, economically efficient combinations of resources 

and producto. 

In summary, farmers' attitudes do not appear to be a major 

restraint towards expanding their livestock production. 
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CHAPTER VII 

3UMIARY A .D COHCLUSIONS 

Review of the Study
 

Cattle ad water buffalo production have contributed 

less than proportionately to an otherviise expanding agricultural 

economy in present-day Thailand. A number of reasons have been 

offered uut identification of key iLter-relationsisi.ra and variauleu 

has been lacking. This thesis hypothesized that villagc bovine 

productioni must be analyzed in terns of a food-producing-uonsuming 

complex of widch ibovines were one of the major conponents. Objec

tives were fomitlated in terms of identifying several types o crop

livestock production systems, estimating present levels of economic
 

performance mid operative constraints, and, by using results of the 

description and analysis of village bovine systems, suggest levels 

at which policy nust be formulated and specific corpone.its which 

policy decisions must deal vith. 

The village was chosen as tile relevant unit of enquiry. 

The study involved a one-year case study of three villzes, eacn in 

a distinctly different physiographic region of Thailand. The study 

period was April, 1970 througii L:arch, 1971. Data were collected i.. 

melas of Vegini-dng =d ending inventories, monthly visits to sanpled 

fai-ern for crop prod.,ction recording, and some further survey 

work ir surroi ndiing villages. 

http:iLter-relationsisi.ra
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Data from the study were used to look at three aspects 

o± village uovineu: 

(1) utilization and efficiency of boviiJe use as crop 

prou.;ction inputs; 

(2) bovinie poroduction procedures, the relatio, snip of 

bovine production to crop production, and aspccts of iovi:-e produc

tion efficiency; and 

(3) construction of a model representing tie functioning 

of the village bovine system. 

Stuwuqary of the Results 

;ovine.; were used for draft power in ever,,, village. Use 

ar on. Car-er. varied considerably as did use ict.eet -rop,:- in each 

villat-e and for t.te same crop in differenL illages. Draft power 

iputs ir. rice produLction were 30.2 percent of total cont in Mapkhae, 

20.2 percent in Non Oore Boon and only 12.3 percent in i.ong Jek Lee, 

whore tractor plovng ol' rice land was prevalent. On u land crops, 

draft power as a percent of total costs was 10.9 percent for kenaf 

and 19.4 percent for watermrelon in Non Som Boon and 13.8 percent for 

corn in Norl: Jek Lee. The draft power input in mung oeans was less 

than 1 percent of total costs. There did not appear to be any clear 

relationship between anJimal use as draft power and crop enterprise 

profitability. Production functions were estimated by aggregating 

inputsi into several categories. Functions were estinated for indi

vidual crops and on a whole farm basis by aggregating value produced 

per farm. Several functional farms were estimated with the variables 

defined on a per farm or a per rai basis. The individual crop analyses 
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gave fair to poor results with a few exceptions. Very low rice yields
 

in ;.apkhae 7iade analysis of draft power productivity difficult. Produc

tivities were generally hign for Non Jorq Inoon uplard crops but much 

lower for rice. The enyle pattern atpeared io Ifoii,, Jek Lee. 

.']iolc Lar. production tuictiol results ;:ere ;oenerally ,torc 

. ati 'a.to.':° ii. ter s of the size, nig., and reliw, ility of the 

o',tirotcd nroductiorn coe cfieient3. High values produceu per farm 

an. per ui.i o& drea i I.a.Aaae for sugar cane produutioi necessitated 

estimatio, of a function i,-Lng data only from farus wlici, used draft 

a.-imals. Large yield variabilities reflecting drouth conditions again 

uaur-cd i-i-.. sta.ciard error:.. 11on ;om ioon results ,!ere good as were 

triose for .on'- Jek Lee with t.ie exception of labor productivity. An 

efficienc, iLdJysis u.ig a cost mininization framework ,-ias perfomled. 

Neoiilts i, icated t±±at resources not seriously co,.straincd such as 

labor anu draL't power were being used close to their cost minimizing 

co-ILination .i were coiuutrained sucin,Lile thoe which oftei, seriously 

as cash expe:tditures and cal-ital investments were ueing used in less 

" than optir:ur 1-roportions. On the whole, draft power was being 

allo(;ated efficiertly in the crop production enterprise. 

The use of animals for draft power proviaed tue basis for 

the herd classification developed in Chapter IV. Ierd. .,;eing utilized 

primarily as di 'tpower had a male-female ratio of auout one and a 

iiih proportion of total herd biomass was concentrated in mature 

males. The converse situation occurred where the herd was engaged in 

producing offtprinp as the primary revenue geerating funLtion. These 

herd characteris tics were reflected in herd growtii and herd transactions 



incurred over the study period.
 

Reproductive performances 
 showed little variation between
 

animal types or villages. Distinct seasonality patterns were observed
 

and related to crop production patterns which governed herd grazing
 

and creeding. The preent parturition pattern did not seem to be a 

r'ajor restraint on increased bovine production.
 

The next step was an analysis of bovine production reuources
 

and cos L. 
 Herding and forage gathering lauor requirements showed defi

nite seasonal patterns corresponding to crop production patterns. Land 

use as pasture and in providing fodder resources was analyzed in texTns 

of carrying capacities whichi indicated large season to season fluctuations. 

Uarryinr capaciLies, betweei, villages were similar and ir the neighloriiood 

of ten rai per aniaml unit. 

Costs were assigned to bovine proauction inputs and an internal 

rate of return arialysis was perfoted to test for significant mis

allocations between animal types and herd uses. An analysis was per

formed uoing at, average herd as the reference point an-d using the 

existing enterprises represented in each village. Returns for each 

animal type-enterprise combination represented were found to be quite 

close to other combinations within that village and between villages, 

and, in most instances, were close to prevailing institutional interest
 

rates. 

Chapter V combiijed the framework and results of Chapter III 

and Chapter IV into an explanatory model representing interactions of 

the food-firier production sector with bovine production and utilization. 

The model emphasized the interdependence of the system on the level of 

animals in the village and the allocation of these animals among 



coipettnr- *u-'vote.. Qhe model illustrated some areao of )olicy 

decinioits relevant to iiicreauing Ltie size of the riutioi i1 bovine 

herd and iL.,ceasing ne output from a given level of national herd. 

Tlie Village System 

A Hevie: o. the 'ysten 

The analyses of Chapters III and IV and the model of 

aChapter V illustrate how closely the bovine production system of 

village in tied to ti.x crop production systil of the sane village. 

Under a traditional systai, of very limited teclnological cuange, the 

ojl.:," impet.o to the oy.tc is population growth leading to expansion 

of village areas and livestock numbers roughly in proportion to popu

lation growtii. The introduction of new crops has led to sha_'p increases 

in production and exports but has not, with rminor exceptions, led to major 

increases in produutivity in eit-er the crop or livestock sector. Be

cause of the interrelationships involved, sustained increases in bovine 

herd sizes and outputs can come from two sources: (i) changes in crop 

production tecunology, and (2) ctianges in bovine poduution technology. 

Plicy, Conulusions from the 3ystem 

Tne first conclusion from this study is tuat ef.forts to in

crease village lwel bovine prodaction must focus on fan.aiing systems. 

Approaches treatir.g animals as an individual and distij.ut farm enter

prise overlooks the folloviig claracteristics revealed in this study: 

1. Bovine returns take several forms and these returns 

are dependent on variables in both the crop and livestock enterprises.
 

http:distij.ut
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2. Nutritional restraints must be analyzed in terms of 

the land resources of the entire village, not of individual farmers. 

3. Grazing improvemert programs, as distinct enterprises, 

do not appear profitable unless they can be integrated with present 

crop production methods. 

4. There do not appear to be any major sources of
 

economic inefficiencies of production resources which could be tapped
 

to increase animal populations at given levels of, technology in the 

villages studied.
 

Rapid advances in crop technologies wich would alter the 

syste-1 have not occured with the exception of widespread tractor use. 

Tractor use has not iicreased the productivities of crop production 

resources but has decreased draft power plowing requirements. The 

discussion of Chapter VI indicated this has probably not caused dramatic 

decreases in animal numbers even where plowing is widespread. The 

impact of new technologies generally associated with the "Green Revo

lution" has been minimal in Thailand and indications are that their 

impact will be gradual. 

The rapid adoption of upland crops observed in Thailand 

and found in all the case study villages represent new crops produced 

using traditional inputs plus tractors. They have not replaced the 

traditional crop, rice, nor have they required teciinical issistance 

or extension activities. Given this background of mininal technical 

chn -e in the food and fiber section, it is riot surpri4ing that oovine 

productior teczmology is still at very low levels, although the faners 

are uing their herds quite efficiently at the present level of 

production possibilities. 
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The following policy implications seen relevant to the 

facts brought out by thls thesis. 

Pirst and foremost, research and other efforts to invoke 

tepiroloical chiaige amonc village livestock producers must analyze 

far-ing Gsytehls. ualysis of irdividual components ancl constraints' 

rma', ue mioleadill- aci uiproductive. 

Jecord, the relevant decisior-making level must ue made 

explicit. In some types of research, decisions ca:, cc riirde only bj 

the villafge as a wiole while the far.rer has control of certain pro

duction decisions. The making o certain production decisionxs by 

the villae (all villagers do not castrate their ani-als) may retar 

the adoptio. oi' iniproved covine technology b ai inaividl famer 

(controlled breeding prograt). 

Third, distinctions must be made between policies to 

increase t-e bioma-s (uy improved pa tures) a:d t-.,ose desigted to 

i'crease t.-e offtake from a given biomass (increased birth rate). 

tometimes tae two policies are related, but not in every Uase. The 

two means of increasing neat supplies may have iucit different coots 

and capital requirements. Furthermore, the deci sion-making unit 

'-a oe diL. erent uetween the policies. 

2ourtn, well-designed researcii on crop production syste:is 

and tecimologies must consiaer their impact or. the village bovine herds. 

iational grain and fiuer policies may well rin into conflicts with 

1,,eut production ai.d export goals. The use of short straw rice varieties 

with high silica content of the fioer could lead to serious feeding 

problens for t.e villagers' cattle and buffalo as could the green 

mauri. of corn stubble. 
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Fifth, forage research at the village level should aim towards 

integration into the present farm system, not towards creating a separate 

sector oZ feed supplien by permanent pastures. The planting of quick 

growing forages after harvest or planting of fallow upland areas be

tween plantings are examples.
 

Aixtjk, more work is needed on tizc impact o1 neciasrization on
 

a:-Anl uce, profitability of draft animals, atnd tiie effect 
on ainmal 

-numoor and herd coipositions where tractor use has been i.idespread.
 

Seventa, the study neglected tue dema.d side of both
 

markets, draft and meat and 
 the rates of growth in tiese demand functions
 

have obvious policy implications in terms of the model developed.
 

Looking Ahead 

Future of Cattle 

A combination of economic development and tecnnological 

considerations indicate that cattle numuers should reverse the historical 

trend a.d begin to increase faster than the water buffalo population. 

A8 the economic development of Thai agriculture progresses, water 

vuffalo draft requirements will lessen and farxvers will switch to 

cattle for a variety of reasons. First, more breeding females can
 

be supported on a given resource base with cattle than with buffalo 

because of thfe size differences. Second, breeding performances of 

cattle can Ue increased more rapidly tha; with buffalo because of 

difficulties Ji bffalo mating cLaracteristics. Third, cattle meat 

bri]gs a higiier price in the market and the differentil will widen 

with increasiun, iiicone levels. Finally, modern produLtion technologies 

whic:, are availabic have been developed primarily for cattle production. 
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Future of.,ater Buffalo 

As tiie previous paragrah indicated, ornly sone unusual 

servemarket developments, plus a contertrated research effort would 

rapid growtiito maintain water buffalo numbers under a and develop

merit of Thai agriculture. The domestic market is li ited and pre

for cattle beef over buffalo meat as incomes increase willferences 

dampenr deiruid increases. The export market is limited to neighboring 

and again appears limited.countriej plus Hong, Kong 

Rapid increases in water buffalo productivit.- appear 

limited due to breeding" problems and the lack of exotic breeding 

stock to increase their genetic potential. Water buffalo growth 

response to improved nutrition, animal health, or manageent is 

unkno%-'rn. 

A different situation would occur under a stagnating 

agriculture, however. later buffalo are very efficie.,t anirals under 

present village levels of draft usage and vater uuffalo production. 

Without sigrnificant ciarge in the rural sector, tile water buffalo 

will be very difficult to dislodge as the farmers' mosi valuable 

asset. 

Past Treris a.,d Future Goals 

Table 1.1. of Cnapter I indicated water buffalo numbers 

were increasing faster than cattle numoers through 1966. This would 

indicate major saifts in village holdings between the two types has 

not yet occured in response to the factors just discussed.
 

Recognition of Thailand's agricultural potential and
 

concentrated efforts towards increased crop production ttrough the
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utilization of increased inputs combined with new technology can be 

expected to yield reslts which would cnange thiis situation. 

Increasing use of irrigation and water control and tne 

introduction and dissemination of improved crop varieties will lead
 

to ircreasingly coiv.:ercialized crop operationL. Increased levels of 

livestock productivity will be necessary to maLitaii, teir competitive 

position vis a vis crop production. Given the linited scope for
 

technological improvements for water buffalo, emphasis for longer 

run programs mu. t concentrate on cattle. However, snort run progra.s 

must pay greater attention to water buffalo wlhich are still The major 

boviine species represented nationally. 

Crisis or Transition
 

The livestock situation in Thailand at the present time is 

often spoken of in terms of impending crises. Anticipatea shortages 

of beef have not occured nor have prices risen out of proportion. The 

reasons were examined in Chapter VI. This should not be construed 

to mean tlAt this sector of the agricultural economy is not a problem 

or tnat sigrnificant benefits to the country a.d to producers are not 

being realized. Rather, it means that crisis measures need not be 

imposed and planning, policy making, and policy implementation can 

proceed on a transition path to achieve several goals. 

This thesis indicated some considerations in planning re

search for and some restraints currcntly operating on village producers 

in selected case study villages in Thailand. The results should be 

integrated into more comprehensive studies of village farming systems 

ana tne impact of tecimological change on tiese systems in both a 

short run and long run context. 
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APPENDIX A 

MEANS AND STANDARD DEVIATIONS OF MAJOR
 

CROP INPUTS AND OUTPUTS FOR THE CASE STUDY VILLAGES
 

Table 1. Means and Standard Deviations, Mapkhae.
 

Rice Corn Sorghum 

Variable Units Mean s.d. Mean s.d. Mean s.d. 

Area Planted Rai 21.65 18.34 6.50 7.05 3.75 2.36 

Area New Cane ......... 

A r ea Old C a ne Ra i .... ... ... ... ... .. 

Total Yield Kg. 962.35 919.81 723.50 268.70 1000.00 558.27 

Yield per Rai Kg. 44.45 28.87 111.31 139.07 266.67 308.68 

Tot. Val. Prod. Baht 664.32 620.97 699.23 384.45 1010.00 548.15 

Tot. Val. Prod. 
per Rai Baht 30.68 21.49 107.57 165.39 269.33 306.27 

Total Labor Hours 824.41 811.10 605.94 405.54 709.17 464.58 

Tot. Labor per 
Rai Hours 38.08 24.18 93.22 120.81 189.11 120.08 

Animal Power Hours 440.82 436.52 0 0 0 0 

Animal Power 
per Rai Hours 20.36 12.92 0 0 0 0 

Cash Costs Baht 407.12 401.56 125.30 84.62 186.05 100.28 

Cash Costs per 
Rai Baht 18.80 10.52 19.28 24.59 49.61 15.04 

Crop Capital Chg. Baht 178.99 210.68 36.93 24.51 26.62 21.55 

Crop Capital Chg. 
per Rai Baht 8.27 6.84 5.68 7.84 7.10 11.41 

Land Rent Baht 1031.41 469.59 406.25 81.25 187.50 41.89 

Land Rent per Rai Baht 47.64 21.69 62.50 12.50 50.00 11.17 
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Table 1. (Cont.) Means and Standard Deviations, Mapkhae.
 

Variable Units Sugar cane 
Mean s.d. 

Potato, Taro, Eggplant 
Mean s.d. 

Area Planted Rai 13.30 7.23 5.17 3.43 

Area New Cane Rai 8.10 7.88 

Area Old Cane Rai 5.20 6.20 ...... 

Total Yield Kg. 109.27 
(tons) 80.18 1623.83 1221.20 

Yield per Rai 

Total Value Prod. 

Kg. 

Baht 

8.22 
(tons) 4.08 

14,960.99 11,065.89 
314.33 
669.30 

140.50 
540.87 

Total Value Prod. 
per Rai Baht 1124.89 557.83 129.46 67.02 

Total Labor Hours 4108.10 2797.31 1813.33 2123.90 

Total Labor per
Rai Hours 308.88 113.92 351.01 314.68 

Animal Power Hours 0 0 0 0 

Animal Power 
per Rai Hours 0 0 0 0 

Cash Costs Baht 6323.70 4994.71 214.33 173.37 

Cash Costs per
Rai Baht 475.46 203.56 41.46 17.84 

Crop Capital Chg. Baht 22.89 27.69 78.36 59.58 

Crop Capital Chg. 
per Rai Baht 1.72 1.07 15.17 11.44 

Land Rent Baht 1389.85 294.82 225.36 124.24 

Land Rent per
Rai Baht 104.50 22.17 43.59 16.82 
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Table 2. Means and Standard Deviations, Non Som Boon.
 

Variable Units Mean 
Rice 

s.d. Mean 
Kenaf 

s.d. 
Watermelon 

Mean s.d. 

Area Planted Rai 12.88 6.57 12.92 7.52 6.20 5.79 
Total Yield Rice, Kenaf:kg. 

Watenmelon:melons 2387.31 1822.53 1964.19 1153.45 5472.00 10,074.50 
Yield per Rai Rice, Kenaf:kg. 185.35 102.90 151.99 69.12 882.58 959.42 

Watermelons:melons 
Total Value 

Produced Baht 1226.73 918.81 4478.43 2669.69 2050.75 2481.16 

Total Value 
Produced Baht 95.24 51.52 346.62 152.01 330.77 237.20 
per Rai 

Total Labor Hours 1138.31 603.73 1834.19 1380.44 317.90 264.55 
Total Labor 

per Rai Hours 88.38 59.81 141.9 77.51 51.27 28.90 
Animal Power Hours 178.89 84.29 119.62 90.76 103.40 77.11 
Animal Power 

per Rai Hours 13.89 8.09 9.26 4.46 16.68 19.93 
Cash Costs Baht 83.31 31.46 116.15 82.13 577.20 452.45 

Cash Costs 
per Rai Baht 5.47 3.56 8.99 5.24 93.10 49.21 

Crop Cap. Chg. Baht 77.36 53.20 11.61 9.72 2.07 2.17 

Crop Cap. Chg. 
per Rai Baht 6.01 4.64 0.90 0.61 0.33 0.29 

Land Rent Baht 549.85 247.42 517.02 349.57 310.00 85.31 

Land Rent 
per Rai Baht 42.69 19.21 40.01 27.06 50.00 13.76 
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Table 3. Means and Standard Deviations, Nong Jek Lee (cont.).
 

Variable Units 

Sorghum 

Mean s.d. 

Mung beans 

Mean s.d. 

Area Planted Rai 5.50 2.12 13.92 11.85 

Total Yield Kgs. 280.00 113.14 1434.04 1460.98 

Yield per Rai Kgs. 51.00 1.01 103.04 43.89 

Total Value 
Produced Baht 231.00 80.61 2844.98 2833.31 

Total Value 
Produced 
per Rai Baht 42.00 1.67 204.38 74.76 

Total Labor Hours 39.20 4.33 972.29 809.58 

Total Labor 
per Rai Hours 7.13 2.12 69.86 92.52 

Animal Power Hours 0 0 4.04 10.30 

Animal Power 
per Rai Hours 0 0 0.29 1.69 

Cash Costs Baht 147.03 40.98 454.91 430.07 

Cash Costs 
per Rai Baht 26.73 3.09 32.72 5.27 

Crop Capital 
Charge 

Baht 176.91 173.79 70.20 93.26 

Crop Capital 
Charge per 
Rai 

Baht 32.17 47.54 5.04 3.62 

Land Rent Baht 330.00 77.83 379.60 29.37 

Land Rent per 
Rai Baht 60.00 14.15 27.00 2.11 
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APPENDIX A (cont.)
 

Table 3. Means and Standard Deviations, Nong Jek Lee.
 

Variable Units Mean 
Rice 

s.d. 
Corn 

Mean s.d. 

Area Planted Rai 28.97 25.58 15.29 14.22 

Total Yield kgs. 9414.29 8536.26 6419.07 8341.32 

Yield per Rai Kgs. 324.97 114.41 419.82 206.02 

Total Value 
Produced Baht 6978.86 5963.70 5908.34 7385.16 

Total Value 
Produced 
per Rai Baht 240.90 98.15 386.42 185.03 

Total Labor Hours 98.15 386.42 185.03 42.00 

Total Labor 
per Rai Hours 89.60 57.01 44.26 38.35 

Animal Power 

Animal Power 

per Rai 

Hours 

Hours 

374.14 

12.91 

333.89 

13.60 

131.47 

8.60 

132.65 

11.18 

Cash Costs Baht 1390.59 1799.37 515.99 538.57 

Cash Costs 
per Rai Baht 48.01 27.98 33.75 14.09 

Crop Capital 
Charge 

Crop Capital 

Charge per rai 

Baht 

Baht 

514.70 

17.77 

819.40 

11.84 

819.40 

8.04 

122.95 

6.40 

Land Rent Baht 2176.81 128.63 816.49 119.57 

Land Rent per Rai Baht 75.14 4.44 53.40 7.82 
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APPENDIX B
 

Zero Order Correlation Coefficient
 

Matrices farWhole Farm Crop Production Function Variables
 

Table 1. All Observations on Per-Farm Basis, Mapkhae
 

Planted Value Labor Draft Capital Cash Rent
 

Area Output Cost
 

Planted Area 1
 

Value Output .03231 1
 

Labor .06395 .83725 1
 

Draft .62588 -.25333 -.25535 1
 

Capital .47809 -.20327 -.12719 .62251 1
 

Cash Cost .04820 .42602 .43252 .53469 -.20882 1
 

Rent .69947 .42602 .43252 .53469 .41855 .38998 1
 

Table 2. All Observations on Per-Unit-of-Area Basis, Mapkhae
 

Value/Rai Labor/Rai Draft/Rai Capital/ Cash Cost/ Rent/RaiRai Rai
 

Value/Rai 1
 

Labor/Rai .65298 1
 

Draft/Rai -.51635 -.63188 1
 

Capital/Rai -.40240 .02727 .14741 1
 

Cash Cost/Rai .98764 .62118 -.49141 -.43457 1
 

Rent/Rai .53234 .52217 -.20238 -.12547 .49455
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APPENDIX B (cont.)
 

Table 3. Animal Users Only on Per-Farm Basis, Mapkhae.
 

Planted Value Cash
 

Area Output Labor Draft Capital Cost Rent
 

Planted Area 1
 

Value Output .12787 1
 

Labor .39772 .75178 1
 

Draft .58928 .51114 .67959 1
 

Capital .43252 .07486 .26397 .54147 1
 

Cash Cost .21473 .90714 .72908 .33801 .09509 1
 

Rent .66842 .61634 .62915 .73776 .49840 .50942
 

Table 4. Animal Users Only on Per-Unit-of-Area Basis, Mapkhae.
 

Value Labor/Rai Draft/ Capital/ Cash Rent/
 
utput/Rai Rai Rai Cost Rai
 

Value Output/ 1
 

Rai
 

Labor/Rai .81694 1
 

Draft/Rai .11069 .18287 1
 

Capital/Rai -.22674 -.17754 .22233 1
 

Cash Cost/ .95118 .78908 -.08257 -.28738 1
 
Rai
 

Rent/Rai .52074 .24631 .39186 .15497 .34843
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APPENDIX B (cont.)
 

Table 5. All Observations on Per-Fann Basis, Non Som Boon.
 

Planted Value Labor Draft Capital Cash
 
Area Output Cost Rent
 

Planted Area 1
 

Value Output .83271 1
 

Labor .68518 .89853 1
 

Draft .75969 .80540 .72846 1
 

Capital .43295 .61801 .60215 .54704 1
 

Cash Cost .77792 .85622 .78150 .85332 .52896 1
 

Rent .82229 .59184 .49139 .57353 .23503 .52942
 

Table 6. All Observations on Per-Unit-of-Area Basis, Non Som Boon.
 

Value/Rai Labor/Rai Draft/Rai Capital/ Cash Cost/ Rent/
 
Rai Rai Rai
 

Value Output/ 1
 

Rai
 

Labor/Rai .65029 1
 

Draft/Rai .28936 .49811 1
 

Capital/Rai .20203 .16319 .06740 1
 

Cash Cost/ .44840 .27008 .36492 -.07748 
 1
 
Rai
 

Rent/Rai -.07412 .16926 .10429 -.02439 -.11111
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APPENDIX B (cont.)
 

Table 7. All Observations on Per-Farm Basis, Nong Jek Lee.
 

Planted Value Cash
 
Area Output Labor Draft Capital Cost Rent
 

Planted Area 1
 

Value Output .7880 1
 

Labor .55193 .46552 1
 

Draft .13980 .22594 .52804 1
 

Capital .63656 .44033 .42799 -0.08928 1
 

Cash Cost .79503 .75036 .61311 -0.04103 .70834 1
 

Rent .98141 .71521 .56593 .11687 .65741 .79375
 

Table 8. All Observations on Per-Unit-of-Area Basis
 

Value/Rai Labor/Rai Draft/ Capital/ Cash Cost/ Rent/
 
Rai Rai Rai Rai
 

Value/Rai 1
 

Labor/Rai .17056 1
 

Draft/Rai .20194 .57887 1
 

Capital/Rai .11404 -.16996 -.11681 1
 

Cash Cost/ .27810 .37309 -.23494 .28313 1
 
Rai
 

Rent/Rai .06214 .08287 .12394 .06602 .02780
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APPENDIX C
 

Village Biomass Estimation Procedures
 

Weighing or even tape measuring all village bovines was not
 

possible. Thus any biomass estimates were indirect and less accurate.
 

The problem was further complicated by a lack of reliable animal age
 

estimates.
 

Given these limitations, the procedure was to tape measure
 

as many animals as possible. Then, using a well-defined heart girth
 

circumference-weight relationship, each animal's weight was estimated.
 

The animals were then grouped into 3 categories: (1) calves (0-2
 

years); (2) replacement stock (2-4 years); and (3) mature animals.
 

Average weights were then assigned to each category for each animal
 

type in each village. The village biomass was then determined by
 

assigning each village animal to a category and multiplying the number
 

of animals in each category by the assigned average weight for that
 

category. 
 If the animals in each category had a normal distribution
 

of weight around the average established by the measuring procedure,
 

reasonably accurate estimates would be obtained assuming that the
 

interviewers consistently distinguished between calves, replacements,
 

and mature animals.
 

The equations used for estimating weight by heart girth
 

measurements were derived by Rufener (39) in his 
study of Northeastern
 

villages and are as follows:
 

Weight - Heartgirth Estimates of Rufener in Northeastern Thai Villages.
 

Male Cattle: log1 0 wt. = -3.7789 + 2.8354 log10 H.G.
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Female Cattle: loglo wt. = -4.1070 + 2.9929 log H.G.
 

Male Buffalo: log1~g0wt. = -3.8276 + 2.8371 log 1~g0H.G.
 

Female Buffalo: log wt. = -4.0302 + 2.9227 log H.G.
 

An inadequate number of observations in Non Som Boon and Nong Jek Lee
 

necessitated further tape measurings in surrounding villages. By
 

assuming the cattle and buffalo in the surrounding villages were of the
 

same confirmation as those in the villages studied, they can be in

corporated into the weight estimates for each category. The weights
 

assigned to each functional category for cattle and water buffalo
 

are given in Table l.A. and l.B.
 

Table 1. Weights (in kgs.) assigned to Functional Categories
 

Age Group 
Male Cattle 

0-2 

A. 

2-4 

Cattle 

Mature 0-2 
remale Cattle 
2-4 Mature 

Mapkhae 125.0 262.5 320.4 102.5 210.0 265.0 

Non Som Boon 125.0 262.5 337.5 132.7 210.0 204.8 

Nong Jek Lee 157.0 273.1 380.4 148.4 244.9 271.5 

B. Buffalo
 
Male Buffalo Female Buffalo
 

Age Group 0-2 2-4 Mature 0-2 2-4 Mature
 

Mapkhae 165.0 352.5 477.5 155.0 317.5 458.4
 

Non Som Boon 210.2 321.8 514.4 140.6 317.5 411.9
 

lNong Jek Lee 165.0 352.5 533.8 155.0 317.5 406.7
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APPENDIX D
 

Herding Labor Analysis
 

Table 1. Herding Labor Regression Results
 

R2
Mapkhae H/Y = 968.563 B/Y .19923 = .31120
 

R2
Mapkhae H/M/B = 132.421 B/Y -.801 = .87949
 

R2
Non Som Boon H/Y = 243.769 B/Y .574 = .58790
 

R2
Non Som Boon H/M/B = 76.675 B/Y -.426 = .43909
 

R2
Nong Jek Lee H/Y = 572.131 B/Y .232 = .13188
 

R2
Nong Jek Lee H/M/B = 84.874 B/Y -.768 = .62453
 

all coefficients significantly different from 0 at the
 
95% confidence level.
 

H = hours of herdsman labor per household 

Y = year 

B = average bovine numbers per household 

M = month 



APPENDIX E
 

MONTHLY RAINFALL AT SELECTED LOCATIONS
 

MONTH BANGLENa/ KHONKAEN'b /  LOPBURI£/
 

January 6.1 4.6 9.4
 

February 15.1 22.4 17.0
 

March 13.4 39.7 61.7
 

April 68.6 60.9 78.7
 

May 124.9 170.6 181.7
 

June 109.5 156.0 151.2
 

July 122.6 142.0 181.3
 

August 138.8 171.5 173.1
 

September 234.2 276.1 275.5
 

October 231.0 101.6 187.4
 

November 43.4 11.5 44.9
 

December 8.4 1.3 7.3
 

Yearly Mean 1116.4 1165.35 1150.2
 

a/1952-1966 Averages
 

b/1951-1967 Averages
 

c/1951-1967 Averages 

Source: Unpublished records, Meteorological Department,
 
Office of the Prime Minister, Royal Thai Government.
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APPENDIX F
 

DISTRIBUTION OF CATTLE AND BUFFALO HOLDINGS
 

Distribution of Cattle Holdings
 

Mapkhae Non Som Boon Nong Jek Lee
 
No. per No. of Percent- No. of Percent- No. of Percent
holding farmers age farmers age farmers age
 

0 30 75 44 84.7 5 8.1
 

1 0 0 0 0 1 1.6
 

2 1 2.5 1 1.9 24 38.8 

3 0 0 2 3.9 6 9.7 

4 0 0 1 1.9 15 24.2 

5 0 0 0 0 2 3.2 

6 1 2.5 1 1.9 2 3.2 

7 0 0 0 0 2 3.2 

8 1 2.5 1 1.9 0 0
 

9 1 2.5 0 0 2 3.2 

10 0 0 1 1.9 2 3.2
 

Over 10 6 15 1 1.9 1 
 1.6
 

Total 40 100 52 100 62 
 100
 

Source: Initial Inventory Surveys
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APPENDIX F (cont.) 

DISTRIBUTION OF CATTLE AND BUFFALO HOLDINGS 

Distribution of Water Buffalo Holdings 

Mapkhae Non Som Boon Nong Jek Lee 
No. per No. of Percent- No. of Percent- No. of Percent
holding farmers age farmers age farmers age 

0 27 67.5 4 7.7 60 96.8 

1 0 0 12 23.1 0 0 

2 3 7.5 15 28.9 2 3.2 

3 0 0 10 19.2 0 0 

4 5 12.5 5 9.6 0 0 

5 3 7.5 4 7.7 0 0 

6 1 2.5 2 3.8 0 0 

7 1 2.5 0 0 0 0 

8 0 0 0 0 0 0 

9 0 0 0 0 0 0 

10 0 0 0 0 0 0 

Over 10 0 0 0 0 0 0 

Total 40 100 52 100 62 100 

Source: Initial Inventory Surveys 



APPENDIX G
 

DISTRIBUTION OF CATTLE AND WATER BUFFALO PARTURITION
 

Cattle parturition Water buffalo parturition 

Mapkhae Non Som Boon Nong Jek Lee Mapkhae Non Som Boon 
Month 
of birth 

No. 
births 

Per-
cent 

No. 
births 

Per-
cent 

No. 
births 

Per-
cent 

No. 
births 

Per-
cent 

No. 
births 

Per
cent 

January 1 3.0 3 16.6 1 4.0 0 0 6 21.4 
February 6 18.2 1 5.6 1 4.0 2 22.2 1 3.6 

March 4 12.1 1 5.6 1 4.0 0 0 1 3.6 

April 0 0 0 0 0 0 0 0 0 0 

May 0 0 0 0 0 0 0 0 1 3.6 

June 1 3.0 1 5.6 5 20.0 0 0 0 0 

July 5 15.2 0 0 3 12.0 0 0 1 3.6 
August 1 3.0 0 0 1 4.0 0 0 2 7.1 

September 1 3.0 0 0 1 4.0 0 0 1 3.6 

October 1 3.0 1 5.6 2 8.0 0 0 2 7.1 

November 13 39.5 3 16.6 8 32.0 3 33.3 8 28.6 

December 0 0 8 44.4 2 8.0 4 44.5 5 17.8 

Total 33 100 18 100 25 100 9 100 28 100 

Source: Case study village monthly surveys and ending inventory. 



APPENDIX H
 

BOVINE VALUE ESTIMATES
 

Animal Average 
 Average 
 Average 
 Average
class 
 Male cattle values 
 Female cattle values 
 Male buffalo values 
 Female buffalo values
 

Age 
 Non Nong 
 Non Nong Non 
 Nong
inter- Map- Som Jek Non Nong
Map- Som 
 J ek Map- Som J ek Map- Som Jek
vals khae 
 Boon Lee 
 khae Boon 
 Lee khae Boon Lee 
 khae Boon 
 Lee
 

0-1 50 488 325  481 200 275 275 305 
 250 180 324
 

1-2 464 813 
 697 383 995 382 
 200 558 640 320 
 476 533
 

2-3 486 1579 1019 300 
 1458 682 
 640 878 
 731 533 
 911 825
 

3-4 650 1450 1795 405 
 1472 969 
 1025 1272 
 1262 770 
 980 831
 

4-5 1500 1940 2035 450 1742 1100 1340 
 1610 1457 1500 1168 1460
 

5-6 1490 1150 2056 
 750 1706 793  1618 1736 1400 1433 1536
 

6-7 1640 1000 1967 694 
 1605 900 
 1600 1836 
 1720 1100 
 1267 1563
 

7-8 - 1250 1948 400 
 1741 1350 
 - 1746 1600 1040 1210 1631
 

8-9 1500 1200 
 1944 - 1468 1100 - 1890 2400 1100 1435 1511
 

9-10  - - 3375  - 1790 2100 
 - 1400 1533
 

Over 10 1300 
 - 1559 - 1414 1128 
 2000 1780 
 1770 800 
 1356 1440
n= 66 85 211 35 269 120 22 313 91 32 
 347 171 

Source: Mapkhae 
- case study village only.

Non Som Boon and Nong Jek Lee 
- case study village plus additional survey work in November, 1970.
N~ote 
 n refers to the number of observtions of value estimates in each category.
 

o 



APPENDIX I
 

MONTHLY GRAZING AND GRASS FEEDING PATTERNS 

Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. 

Rice 

w 
0 Up land 

0 Feeding 

labor 

457 

27 

0 

356 

22 

248 

288 

20 

240 

196 

20 

328 

45 

10 

496 

25 

10 

240 

25 

20 

408 

15 

24 

424 

191 

27 

248 

422 

27 

248 

457 

27 

0 

457 

27 

0 

E Rice 

0 
0 Upland 

z Feeding 
labor 

Rice 

a Upland 

Feeding 

labor 

439 

262 

240 

280 

104 

480 

422 

238 

248 

270 

125 

992 

388 

146 

360 

266 

14 

2640 

277 

144 

976 

220 

7 

1976 

136 

108 

1588 

204 

46 

3744 

45 

88 

813 

0 

57 

6436 

44 

45 

897 

0 

29 

6352 

167 

32 

408 

20 

125 

4430 

500 

160 

80 

157 

445 

1472 

500 

374 

0 

421 

445 

744 

500 

374 

0 

421 

445 

429 

500 

270 

0 

292 

351 

248 

Note: Rice and upland figures are areas (in rai) per month. 
Feeding labor is hours spent cutting and hauling grass per month. 

Source: Monthly visits, case study villages. 



APPENDIX J
 

SEASONAL HERDING LABOR PATTERNS 

Average herding hours per month per family 

Month Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.
 

Mapkhae 232 
 229 210 176 
 218 224 226 234 234 
 248 220 238
 

Non Som Boon 185 174 
 175 103 114 174 203 
 200 218 197 193 199
 

Nong Jek Lee 176 154 141 135 
 152 158 138 115 176 
 164 170 191
 

Weighted Ave.,

All villages 193 178 175 136 154 
 183 184 171 
 203 191 190 207
 

Source: 
 Monthly visits, case study villages.
 

Co 
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