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Chapter I
INTRODUCTION

The Problem

Thailand is a Kingdom approximately the size of France lying
in the center of the Indochinese peninsula. The populatioiu 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,

lajor efforts toward development of the agricultural sector
have been directed towards rice and upland crops. Uncertainty regarding
long-term export demand for these commodities 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 Lehind 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,

end the production of meat.

Delineation of multiple roles within an economic framework

is necessary in order to (a) analyze the nature and severity of



Pable 1.1 Index Numbers of Selected Economic Indicators in Thailand,

1950-~1966.
Index of
. Per Capita cattle & Buffalo &

Year Value, All Crops—/ Income Population Population
1950-1953% 100 106 100 100

1954 96 107 93 104

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 207 189 120 130

1964 211 177 118 128

1965 272 183 115 122

1966 357 210 115 130

5/ 1950-1953 = 100
174 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 (L) assess the impact of emerging trends in

mecha: 1zation and meat consumption:l/ At the base of this problem of
role definition and 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.

Y/ chancellor (11) estimated that in 1968, 55 percent of total land in
annual crops was being plowed by tractors on a single pass basis.



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, (£) theft, (g) inefficient marketing, and (h) restric-
tive legislation limiting the 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
to0 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 was

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 Gingh and Parnekar (42),
Whyte (45), and Harris (19) and in Africa by Deshler (12) and Schneider
(41). Those studies indicated the pPresence 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 and 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, Pekistan,
Egypt, the lMiddle East, and Southern Europe (29). The present family
(Bos bubalis) is descended from the wild buffalo (8os armi) 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, pe 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 aaimal size. DMason (29, p. 82)
classifies them as Zebu in breed and originating in Northern Malaysia.

Rouse (38) describes them as nondescript, humped animals. The influence



of American Brahman bloodlines is now pronounced in certain areas.
The composition of Thai cattle is best described as a mixture of zebu

(Bos Indicus) and shorthorn (Bos 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

555 (8, p. 2).



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 Theiland. 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 tecimical and economic
constraints on cattle and buffalo production and suggest methods for

alleviating the constraints.



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 utilization system present.
Village selection proceeded in stages.

Livestock producing regions were delineated using the Depart-
ment of Livestock Developmeni's classification. Map l.l. 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 (e) 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.



Figure 1.1.

DEPARTMENT OF LIVESTOCK DEVELOPMENT'S
LIVESTOCK REGIONS IN THAILAND

v
Vi North - Northeast

Upper Central
Plains

111 Near - Northeast
Animal Population

Distribution By Regions : 1965
REGION | CATTLE | % |BUFFALO | %

| 188,734} 3.7 | 561,607 | 8.4

i 152,046 | 3.0 | 464,643 | 6.9
i 1,166,963 |22.9 |1,480,750 | 22.1

v 1,133,014 |22.3 1,823,343 | 21.3

v 634,677 {12.4| 679,104 | 10,1
vi 400,091 | 7.8 | 856,881 |12.9
vil 725,041 114,2| 276,995 | 4.1
VHI 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 faruers to participate in
a year long study of lanu use, crop production practices and livestock
production practices.

l.onthly Visits

Beginning in April, 1970, each sampled farmer in each case
study village vwas 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 lawvor and draft hours used per crop, other inputs used
including casi costs plus crop yields, sales and prices. Bovine datu
included grazing areas, labor used for grazing and fodder gathering,
births, deaths, sales, purchases, prices, and any other transactions
reflecting a cha.ge in herd numbers.

Final Inventory

During the last of the twelve monthly visits (March, 1971) all
of the farmers in each of the three case study villages 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

patterns were ascertained, each farmer's bovine herd vas inventoried 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. ‘he 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 sarpled. Those data were used in analysis ol 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 animal 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 ana
comparable with the case study villages in the respective regions.
These items were pooled with case study date 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 ceriain 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 was desirable to ovtain estimates 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 buftfalo 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 as the measure of biomass. The measure of
animal unit used in this research is a direct function of the biomass

represented as animal units (AU) = Biomass in kilogrars .
500 ldlograms

Thus one animal unit represents one animal of 500 kilograms or 1100
pounds liveweight. In actual practice, this approximated the velght
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 sinple measure of herd weight without consideration of functional
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differences may bias the results somewhat. The measure is adequate,
nowever, for the calculations of carrying capacity, herd accounting,
and meat offtake estimates used.

Reproduction Rates

Birth rate is the most commonly used indicator. It is generally
pformulated 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
is the herd reproduction rate, which is a function of birth rate and
herd composition. It is defined as the total number of live births
divided by the total number of animels in the herd (excluding the live
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.
Phis represents the potential of the herd to reproduce itself. For
example, the reproductive capacity of a herd composed chiefly of cas-
trated males used for draft purposes may be inadequate to maintain the
herd at its present size without annual purchases of replacement stock.

Animal Production Technology

Evaluation of levels of technology eristing in the villages
and possiovle sources of improved productivity required a classification
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

Pirst is allocative efficiency. Two versions of this concept are used



15

Table 1.2. Sources of Increased
Bovine Productivity Through
Production Technology

I. Genetic Improvements

A. Cattle
l. 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
l. Superior animal selection within own herd
2. Superior breeding animals imported into herd

II. Nutritional Improvements

A. Grazing
l. Improved grass and legume species
2. Fertilizer and crop rotations to improve fertility levels
3. Controlled grazing

B. Supplemental feedstuffs
l. 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
l. Climatic protection
2. Predator protection
B. Feeding and watering facilities
l. Feed waste prevention
2. Continual availability
3. Feed and water sanitation
C. Other labor saving devices
D. Production evaluation techniques
l. Input records

2. Output records
3. Breeding records
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in the following chapters. The first version examines input allocation
in crop production; the relevant measure is equality of marginal value
products to marginal factor cosis. The second version examines the
allocation of a resource bundle in producing two products; the relevant
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

Povine production is analyzed as an investment. Consequently
enterprise evaluation over time requires computation of a rate ol return.
The production -- utilization pattern is characterized vy distinct
periods of expenses a:.d of revenues. By oumming yearly exvenses and
revenues a yearly net cash flow can be computed. The internal 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 tne 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 tue 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 tuen allocated
among various crops and work tasks to produce crops. For certain
periods or the crop production process, tue decision making unit may be
expar.ded 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 villege. 'The well
Imown (by the villagers) boundaries of each village thus define the
available livestock production resources since seasonal migration of

animals and the importing of ai.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.

rethod of Planting Rice nnd ‘'vypes of Rice

Rice grown by tramnsplanting is first sown in a nursery
two to four weeks prior to transplanting. The main fields are plowed
and puddled a3 sufficient water becomes available. The seedlings are
then uprooted and planted individually in rows in the prepared frields.
For broadcast rice, the fields are plowed once or twice prior to heavy
rains. When the farmer judges thet sufficient rains are forthcoming,
geed 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 Noxrtheastern
Thailand, Laos, and parts of liainland 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 sorghum 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 roo tstocks
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 stall by soaking. Kenaf, a long fiber
producing plant similar to jute, is processed Ly soaking the mature
plauts for seven to ten days until tne fitrous outer layer slips off

the stalk. It is then vashed, dried, and bundled.
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CHAPTER 11

‘THE CASE STUDY VILLAGES

Physical Characteristics

Villages were selected in three of the six distinct physio-
graphic regions in Thailand (33). All villeges lie between 14028' and
16°28' nortn latitude and 100°0' and 102°90' east longitude. The six
regions and the location of the three case study villages are shown in
Figure 2.1.

lapkhae village is situated on the eastern edge of the VWest
Continental Highlands physiogra;hic region and borders, but is not a
part of, the Central Plains region. The West Continental Highlands
consists ol 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, shovn in Figure 2.2., indicates a marked increase in the
September-October period. Forty-two percent of the ycarly average of
1,116 meni. occurs during these two months. This region was the dricst
of the three areas studied. B5oils 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 2.1.
PHYSIOGRAPHIC REGIONS OF THAILAND
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FIGURE 2. 2. MONTHLY RAINFALL AT SELECTED LOCATIONS
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Hon Som Boon village lies in the Northeast Plateau. Topo-
graphy is gently undulating in the upland areas and flat in the river
bottoms. The river bottoms of the Chi 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 tue
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 rorests ascending into small savannah areas on the gentle
slopes. Bamboo thickets and cocoanut palms are prevalent near household

areas.
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Village Settlement Patterns

IMapkhae 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 tlie 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 oif 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

tne monsoon season.

Sugar 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



Figure 2. 3.
LOCATION OF MAPKHAE VILLAGE

MAPKHAE - NAKHON PATHOM 42 km. SUPHAN BUR! TOWN
MAPKHAE - SUPHAN BURI 60 km,

0 All
BURMA Weather

Highway

BANGKOK

GULF OF THAILAND

14



Figure 2.4.
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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
incones and the proportion of ramilies working as hired labor is
substantial.

Non Som Boon village extends west to the Chi River lowlands
and across the major North-Soutn highway in the Northeast to the rail-
roau tracks, The houses are arranged in the nuclear pattern (all in one
location) which is typical of the Northeast. Figures 2.5.4 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 Ninistry of Agri-
culture, are at Tha Phra, seven kilometers northeast.

The cropping patterns are more uniform than those of the other
two case study villages. Every villager grew kenaf as a cash crop. Ten
others grew watermelon for casl 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 carmot be double-cropped
because ot its long growing period.

The lowland rice fields usually have adequate water for trans-
planting ard 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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Figure 2.6.
MAP OF NON SOM BOON VILLAGE
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these fields are partially planted, depending on rainfall conditions.

Nong Jek L.ee village 1s organized in the string pattern with
houses paralleling the irrigation canal and road. The village ic located
within a triangle or tliree major commercial centers served by all weather
highways (Figure 2.7.). Barge transportation is available on the Chainat-
Pasak Caral 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 tue 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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Figure 2. 8.
MAP OF NONG JEK LEE VILLAGE
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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 tairly 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,
tihe proportion of the value of production from rice was considerably
lower tha.. 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
(rable 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 lapkhae.

Sorg., Taro,

Crops Rice Cane Rice, Rice, Rice, Rice Rice, Corn, Rice, Corn, Corn, Sorg., Eggplant,
Only Only Cane Corn Sorghum S. Pot. Sorghum 3. Pot., Cane S. Pot., Cane Cane

No. of

Parmers 7 3 4 1 1 2 1 1 1 1

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

. S. Pot., Taro, Total
Crop Rice Cane Corn Sorghum Egeplant
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

Ve



35

Table 2.3. Planted Area of Major Crops of All Villege Farms, 1966-1970,

in Mapkhae,
Major Crops (area in rai)
S. Pot., Taro, Total

Year Rice Cane Corn oorglium Eggplant Crop Area
1966 496 12 9 64 36 617
1967 496 12 9 64 36 617
1968 51y 12 9 66 31 637
1969 498 82 15 55 33 683
1970 512 132 22 24 54 724
1970 %

of total 70.72 18,23 3.04 3431 4.70 100

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

Crop Kenaf Rice, Rice, Kenaf,
Combinations Only Kenaf vWatermelon
Ho. 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.,
drop 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. Tlanted .rea of l.ajor Crops of All Village Fams in
1966-1470 in Yon Som loon.

liajor Crops (rai) Total Area

Tear Rice Kenaf 'Vatermelon(1) C;gps
1966 573 531 0 1104
1967 573 550 0 1123
1268 571 577 5 1153
1969 574 557 37 1168
1970 563 541 66 1220
1970,

total area 46.15 48.44 5.41 100

(1) Vatermelon totals are thie sum of early and late crogs.

Table 2.7. Crop Corwinatio..s of 36 3ample Farms in 1966-1970 in Mong

Jek Lee,
Crop Rice Rice, Rice,Com Rice, Corn Comm Corn,
Conbinations Only Corn Ilungbean Jorghun Only liungbean

—

No. of Farmers 8 2 25 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 Mungbean Total
Area (rai) 1014 428 1 334 1787
% of Total Area 56.74 23.95 0.62 18.6Y 100

of Crops Produced

% 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 Fams in 1966-1970
in Nong Jek Lee.

Major Crops Total

Areas

Year Rice Corn Sorghum Mungbean Peanut C:;;s

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 1" 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 catile owners but generally large herds.

The owners used two to four males for power, the remainder of the nerd
was replacement animals and breeding females. Larger herd sizes were made
possible by 1arge areas. of unplanted land. In liapkuae, sixty perceat

of all cattle producers had herds larger than ten animals. Buffalo
holdings, on the otuer hand, indicate smaller herd sizes and 2 smaller
surplus of arimals 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 animels., Only twenty-four
of the forty farmers in llapkhae 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 care while hand and bicycle transportation handled
the generally small volumes of tlhie other crops. In Non Som Boon, cattle

ovnership was restricted to nineteen percent of all villagers. The
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apparent reasons were (a) resource restrictions in t.e form of a heavy
buffalo viomass on a heavily cropped village area, anu (u) large capital
costs ror starting a cattle-producing enterprise because of hig. prices
for Brahmin crossbred cattle prevalent in the area. Since cattle were
not used for dratt purposes in Hon Som Boon, all ten producers were pro-
ducing for sale purposes. The village had almost universal vuffalo
ownersnip and thiose not owning wvuffalo renied or vorrowed tnem. ‘later
culffalo were tue veast of burder. and breeding was a secondary enterprise.
Nong Jek Lee cattle ownership patterns parallel those ot lon
som Boon for buffalo (about 60f} of all farmers holding two to four head)
rerlecting tue prevalent draft power use patterns in each village. The
lack of buffalo in dong Jek Lee is striking. A marked preference for
cattle as upland power plus lony distances from tue housing areas to
guitavle buffalo wallows was responsible. In Nong Jek Lee, 94 percent
of the farmers haa 2 or more cattle, even t.ougu the availability ox
tractor hire services was readily available. Cattle were a valuavl:
input in crop production and most farmers still kept tuem. The small vut-
falo herd was for supplementing cattle power in rice fields and were

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

CROP PRODUCTION

Crop Production Practices

Mapkhae

The diversity in rice preparation procedures in Mapkhae was
due primarily to the uncertainty of rainfall. Farmers who used
tractor services for plowing began in April, while tfiioce using cattle
or buffalo began in late May or early June. The farmers then waited
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. ‘/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.

0f the seventeen rice farmers sempled, seven initially plowed
by tractor, seven by buffalo, and three by cattle. Although every farmer
planted a portion of his land to brcadcast rice, it was never done
immediately following the tirst plowing by tractor, but the fields were
always replowed by auimals prior to planting. Weed growth and 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 feasinle because of the generally small size
of the rice harvest. Carts, trucks, or tractors were not used for hauling.
Since 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 bLe-
fore rice harvest began. Thus the opportunity cost of labor involved ir
hand transportation and cattle threshing was not higu.

Sugar cane production was controlled by a factory quota system.
The sugar mill which allocated production quotas in llapkhae was located
in Kanchanaburi. The mill had & number of factory representatives who
eacis received a production quote for a producing area. The factory
representative for the area containing Mapkhae was a wealthy woman from
a neighboring village. Her functions were to (a) allocate quotas to each
village in her area, (b) allocate quotas to individual farumers witnin
each village, (c) set harvest dates, (d) arrange for the provision of
cane cuttings Lor planting end tractor services, and (e) provide credit

as needed and 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 tiree had only ratooned cane. The noxmal
procedure for new plantirgs 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 otuer disc from the plow. Animal
power was not used at any stage of sugar cane produciion.

Planting was done by cuttings trom ratooned fields, one rai
or cuttings being adequate for four rai of new plantings. ZIarge labor
forces were mobilized for setting the cuttings and for later cultivations
by hoe. Setting continued into May and hand 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 Mapkhese. The two and three
year old fields were cut first, followed by new plantings which could be
harvested in liarch or April. Cutting, bundling, and loading on trucks
were all done by hand lavor. Cutting in this village began after rice pro-
duction and major labor shortages were avoided.

The magrnitude 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 care orices, this was 7.3?1/ per ce. t interest per year.

Corn and sorgnum production procedures were similar for the
first crop after which the corn farmers raised a second ¢rop ol corn or
sweet potato while sorghunm farmers continued with a ratoon crop ol sor-
ghum. Tractor plowing 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 iad. Harvest lLegar. in August and required little hired
labor as areas and sields were small, Three lfamers in each group
hired tractor shellers. Transportation to t..e nerciiants on the higiway was
by hand or bicycle., Animals were not used in a.y stage of the production
process. The second comm crop vias replanted immediately alter t.e Tiret
oy hand netuods, cultivated Ly hoe once in .eptember a -d harvested in
ijovember using the same procedure as the first ¢rop. After the first
sorghum crop was narvested, a ratoon Crop was grovw.. so aninals had to Le
kept from tuae flelds. fne ratoon crop was smaller bLut required only har-
vesting and tireshing inputes,

wweet potatoes and taro, vlanted as a first ¢roy, followed tue
same patteriis. Plowing was Ly tractor in April, planting by hand in lay
or June followed Ly hoeing continuing into September ana OctoLer. liarvest
begai. in December and proceeded into February. The plants were dug u, by
spade and transported by Lasket to sheds vhere they were sold. iotatoes
following corn did not require reploving but were planted by hoe in tue
corn stubole in August or September. Cultivation continued througn
Jove. ber and harvest began in Feuvruary. The entire cor:: fields generally

werec not reprlanted to sweet potatoes.

v This rate is not an adequate reflection or capital costs pecause
nost ol these expences were carried only a fraction ol tne crop year.
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Drylend vegetables were a small proportion of total cropland.
Their input sequence followed that of potatoes and taro witn initial
tractor plowing, hand planting, cultivation, and harvesting.

Table 3.1. summarizes the major input categories and output
levels for major crops grown in Mapkhae.

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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Table 3.1. .wmary l.easures of lajor Crop Input and Output, 1970-71 Crop
Jeason, Mapkhae, Thalland.,

Item Unit Rice Cori Sorg.un sugar Vegetaolesg/
Cane
per rai
Yield kg. 44 11 267 514
met. —— — ——— 8.22 -
Value baht pX| 108 264 1,125 129
Lavor houry 38.1 93.2 169.1 30G.Y 351
Animal Power hours 20.4 0 0 0 0
Cash Cost (a) baht 18.8 19.3 49.6 475.5 41.5
Crop Capital balht 8.3 5.7 Te1 1.7 15.2
Charge (b)
Land Rent (c) baht 47.6 62.5 50.0 104.5 43.6
——===--=-=-pér farner who pla.ted tiis Crop=mmme—meee—-
Area Planted rai 21.7 6.5 3.8 1343 6.2
Cane-0la rai 8.1
Cahe-New rai 5.2
o, of Parmers 17 4 q 10 5

-
.4
s

A}

(a) Includes tractor nire, truck hire, fertilizer, and slhelling costs. cludes
nired labor.

(v) Capital assets times a 15/ diucount rate plus a depreciation charge. Thiu
sum was allocated proportionately to crop areas and multiplied by the fraction

of the year the crop was grown.

(¢) 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
moraing and another in the afternoon.

The second plowing, harrowing, and transplanting started in
late July or August depending on the location of the field. <Tramsplenting
started in late July or August depending on tue 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. Veeding
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 farmers 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 threshirg. 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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sieds ¢y iruck. Deperding on tne size of tne crop, one or two trips were
rade from tue rield to the house. The vaddy was loaded ard unloaded by
5 gallon water cans. The remaining space in tne truck ved vas loaded
v1ta rice strav ror stacking at the house. The vala ce, if avy,

remained at the tureshing floor. .he truck hauling procedure speeded

u. t.:c harvesting sequei.ce a d permitted easy hauling or the bullky

rice straw. Kexaf cutiing coulu then proceed sooues.

Kenaf productior »rocedure:s were similur ior all sar1led
farmers. Field vreparation preceded that of rice. Tne same tillage
inpleme. ts were used. The initial plowing was followec Ly broadcacz
seeding and ti.e: a ligut harrowing to cover the szeecs. flovdry wera..
in April or early May and was done before Jwie. roaacasting ard
harrowing folloved immediately. #hen the plant: reached 4 to € ircuen ir
heig..t, nana cultivation ana thirnirg began a: ¢ contirued throvgl: July.
This was tue last input wntil cutting bega:. aiter t..e completion or rice
harvest in llovember and Decenber.

Cutiing bega: wien tae plants turned red, :ced pod:z were
fully formed, and t.e leaves had fallen. The stalks were cut iadivi-
dually, bound into bundles of twenty to tuirty plants, and suocked until
hauling began following transportation of the paddy » The shocked ©.: ._ez
were loaded on the trucks by the tarmer and exchange labor. One trucs—
load contained avout 700 to 8UO wvundles. They were wiloaded on the river
blufty by olings. detting was done exclusively at tne Chi River, giving
these villagers a quality advas tage in that fresh “mter was continuously
available. Most Northeasteru villages are dependent on ditches and
ponds whose water supply is limited and the ~tagnunt water soon reduces

Tiber quality.
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After unloading, the bundles were agaln 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 ralt, and 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
olf the core. The fiber was then folded and put in ti.e 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 grovn in two seasons. The early season was
fron April to June and tue late season from September to December.
Three farmers grew two crops in 1970. The other seven raised only the
late season crop. Illelons required purchased inputs consisting of seeds,
spray, fertilizer, and hired labor. Tractors were not used for plowing
as the ficlds were small enough for buffalo plowing. Tractors were not
used for plowing as the fields were small enougu for buffalo plowing.
Tractors were used in neignboring villages, however, for the plowing of
larger melon fields., Ilowing for the early melon crop began in April.
The soil was still dry, but melons were grovm on sandy soils so buffalo
plowing was possible. The plarting and fertilizing were done in May.
Initial fertilizing often included applications of buffalo manure;
this was the only instance manure was used in any of the case study
villages. After the plants were large enough, hand hoeing and spraying
began. The first crop was ready by June. Melons were harvested by the

farmer for sale at his home or so0ld unharvested in the field.
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The second crop was planted the following October. Plowin
was done during slack periods throughout the summer for the double crop
farmers., The single crop farmers began in September and October, and
did not fertilize. Planting was followed by cultivation and spraying
in October and November. IHarvest began early in Decerwer. llost late
crop melons were sold unharvested in the field. Iarmers who did their
ow: narvesting transported the melons; to tue village or main road by
baskets, Those sold in the field were loaded directly onto truclks
hired vy tue mercha.ts. A sumaury of cropping in i;on .som Boon is

giveun in Table 3.2.
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Table 3.2. Summary lieasures of Major Crop Inputs and Outputs. 1970=T1
Crop 3eason. Non Som Boon, Thsiland.
Item Unit Rice Kenaf Watermelon
Fiver
Per rai
Yield kg. 185 152 —
melons ——— —— 883
Value baht 95 347 331
Tabor hr. 88.4 141.9 51,38/
Animal Power hr 13.9 9.3 16.7
Cash Costs baht 5.5 9.0 9%.1
Crop Capital Charge baht 6.0 0.9 0.3
Land Rent baht 42.7 40.0 50.0

Area Planted

per farmer who planted his crop

rai 12.9 12.9 6.

N

No. of Parmers no. 25 26 10

8/ Ylatermelons were usually sold in the field so labor requirements
are considerably less than if the melons were harvested by the famers.



Rong Jek Lee

Cropping intormmation was collected only for rice, corn,
sorg.um and mungbeans. Altnougl some pearuts and soyiLeans were growa
as a second crop followirg rice oetween the feeder canal and gravel
road, the areas were gnull and were not harvested until ‘vell after the
study was completed so they were cxcluded fro~ analysis.

Tne rice land was idle beginnins in Jarmary or ia , the
latter date veing tne case if peanut. followed rice. ‘he presence of
second crops restricted ti:c paddy land ror pasture w.:. The peanut
fields were scattered turougnout tue lowlana areas so access to paddy
stubtle by a..irals was orten restricted ana large, unsupervised grazing
herds .ere uncormrio:.

Sixtee:. of tne thirty-five sample far-ers used tractor: for
the iuitial paddyland plowing, waic:i bLepan in april at t..e same time ac
<om nlowing. Farmers initially ploving with animal.s beran in Lay or
early Junc. !'ursery fields were replowed anu huarrowed Lreuominantly with
cattle teams, but two farmers used vw’'falo and one used a large tractol
for puddling. The plowing a:nd harrowing were done i:: tne morni..p and
transplanting followed in tue afteruoon or tne same day. IFarmers were
rot uwniforr in their use of otlier inputs. Eleve:r ot the thirty-iive
fertilized and seven sprayed for insects. Ilost did limited amounts of
weeding, grass cutting, and field irrigation arter tue completion of
transnlanting.

Harvest begun in Decenber in the drier rice f'ields and two
weeks later for the otiuers and continued into early Feuruary in the
larger fields. Preparation for narvesting consisted of dragging a

large vamboo 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, iruck or cattle
dravn 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 tlreshing was much faster as a tractor
was driven 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 straw was snaken out and piled at thie 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, tie 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
ploving, most famers 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 hoelng. 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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rarmers wi.0 followed corn wit. nungbeans replowed thie com
stucble imrediately aftes picking. The seeds were t.en uvroadcast into
the freshly plowed soil. Spraying followed in six weeks and was repeated
once or twice at two week intervals, Animal power was u ed for hauling
only in one case. In ilovemver, tie plants were uprooted, gathereu into
bundles a..d placed on bLoth ends of a sharpened bamboo pole for carrying
across the snoulders. «#hen all the farmers' bundles were assembled at
tne threscing floor, tuey were tien scattered on tne floor and tnreshed
by tractor. Tlhe vines were shaken out and the wveans viinowed vy snaking
wooaen pvaskets suspended on tripods.

The swmiary data for tue 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 Hajor Crop Input and Output, 1970-71 Cxrop
Season, Nong Jek Lee, Thailand.

Item Unit  Rice Corn Sorghun®)  Mung Beans
per rai

Yield kg. 325 420 51 103
Value vaht 241 386 42 204
Lavor 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 751 53.4 60.0 27.0

~-—~per farmer who planted this c¢crop——=--

Area Planted rai 29.0 15.% 5.5 13.9 (a)

llo. of Farmers no. 35 28 2 24

(a) Second crop after corn.

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



57

Inaividual Crop Production Functions

Functional Foms

Crop production inputs of the sampled farmers in each case
study village were summarized ir. Tables 3.1., 5424 and 3,3, Input
data was compiled for each farmer and for each c¢rop sown. Six major
input categories vere used. Plented crop area was total area sown as
estirated by the famrers, Rent value by crop was estirated uy farrers
in most cases as almost all land was operator-ovmed and land rentul nmarkets
were not well developed. Total labor inputs were in hours worked Ly all
labor categories -- farily, hired, relatives, and reciprocal labor. Draf't
animal inputs were hours worked per team for cattle and hours workeu per
irdividual animal for bulfalo. All animal tasks were included. Casi
costs included tractor and truck hire, fertilizer, Sjray, and suelling costs.
It excluded hired labor, nired draflt power, a:nu lard rent charges, Crop
capital caarges were computed froun tue inventory ot crop production
assets owned Ly each farrmer. Typically, tuese assets included one or
more wood, steel-tipped plows, a harrow, seed inventories, a winnowing
device, ard aand tools. In llong Jek Lee, cart ovuership was common and
several farrers ovmed tractors, ana tractor-mounted equipnent., The
capital inventory included two c.larges. The riret was a capital charge
equal to tue present value of the asset multiplied by a 1% per cent
interest rate. The second was a straight line deprecialion charge applied
to eac.l asset., Tractors were charged as a cost only or tie rercentage

ol 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 far:n and per rai basis are summarized for each major crop in each
village in Appendix A.
These date 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 was an
adequate guide to behavior in the crop production
sector; and

3. To construct crop budgets indicating the profitability

ol' various crops to serve as a gulde 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 was not 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 observations. fThe
first used totals of outputs and inputs as observations while the
second divided inputs and outputs by planted ares (in rai). Functions
using the second grouping oflen 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-
Douglas types. In general, each of these functions was titted botu
with per farm and per unit of planted area observations.

The functional forms and variable groupings are presented
below, excluding the land rent variable.

0

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

number of melons.

a = constant term.

L = ral planted.

N = labor hours.

A = animal team hours.

K = capital in baht.

C = cash cost in baht.

U, = random disturbance term, assumed to be independently dis-
tributed with zero mean and finite variance.

The representative functions are:

Linear per farm
Oc= a+ th + b2N + b3A + b4K + bSC + U,

Linear per rai

0

C=a+b, N+ b, A + K +b.C +1U

T 2y Sy T g e
Linear per rai plus land

O,=a+b, N+ b, A + K 4+b. C +1U

=2 2y 31y 1 g1 ¢

L
Cobb-Douglas per farm

b, b, b, b, b
0 =aL'n2a’xtcoy

c c
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Cobb-Douglas per rai
b b b b

e=ap 24’ gty
L L L L L

b b b b b
?£=a§2_43_lg4gsL6Uc
L L L L L

Quadratic per Farm
2 2

Oc-a+b1L+b2L +b3N+b4N ...+Uc

Thgg b; for n factors is the returns to scale for the Cobb-
Douglas funct;.;'n. On the "per rai" functions, it implies the percentage
increase in output from increasing all inputs 1 rer cent on the same amount
of land.

Harginal productivities of the functions indicate the change
in output forthcoming from a one unit increase in input use. For the

linear functions it is b1, b2, o e b5, for the Cobb-Douglas function

it is b1 _—Q, bag, o o ey bS § where the bars represent geometric means
I ¥ (5]

and for quadratic functions it is b1 + 2b2L, b3 + 2b4N,..., b9 + 2u1OC

where the oars represent authentic means. larginal 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 iniluenced uy
drouth conditions over tne study period and generally poor soils for
rice production purposes. Scattered areas of rice were left unharvested
due to tue above factors plus infestations of yellow-orange leaf virus.
Jugar cane provided high profits and resouwcce 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 Mapkhae
compared to 420 kg/ral in Nong Jek Lee and a national average in 1966 oi
275 kg/rai) while sorghum did much Letter (266 kg/rai in i.apkhae compare
to 51 kg/rai in long Jek Lee and tue 1966 national average of 264 kg/rai
>ugar cane production averaged 8.22 tons per rai, well avove the nationa
average in 1966 of 5.0 tons per rai. Comparable national averages of
Indonesia and the Philippines for tue 19G3-1967 period were 7.0 and 14.2
tons per rai of cane respectively.

Crop budgets are estimated in Table 3.4. Coefficients of
selected produc’ion functions along with their standard errors, con-
stant tems, and coefficisnts of multiple determination are given for
Mapkhae 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
nunber of observationus in Mapkhse were insufficient for reliable
results.y Corn and sorghum were analyzed together as the production
process was similar. However, separate budgets were constructed for

each crop in each village.

v Pooling the data was appropriate as it was judged that yleld
differences were a function of so0il and environmeantal conditions
rather than levels of inputs applied.



Table 3.4.

Crop Budgets, Mapkhae.

Sweet Potato,

Crop Rice Corn Sorghum (1) Sugar Cane Taro, Eggplant
Unit Baht % Baht % Baht % Baht % 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

l/hr. 38.08 23.56 93.22 £1.59 189.11 63.93 308.88 33.88 351.01 73.11
Draft Power

@ baht 2.4/  48.86  30.23 0 0 0 0 ) 0 0 0

hr.
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 161.65 100 180.68 100 295.82 100 911.73 100 480.14 100
Total Revenue

per Rai 30.68 ——— 107.57 —— 269.33 —— 1124.89 —-——— 129.46 ———
Profit per Rai -130.97 -— -73.11 —-— 26.49 -— 213.16 -— -350.68 -—
Total Cost

per kg. (2) 3.64 —— 1.623 —— 1.109 -——— 110.92 ——— 1.53 ———
Price per kg.(2) 0.69 -—- 0.966 -— 1.01 - 136.85 -—- .43 ——-
Profit per

kg. (2) -2.95 — -.657 - -.099  --—- 25.93 - -1.10 -—

(1) Includes rattoon crop. (2) Per ton for sugarcane.

c9



Table 3.5.

Summary of Crop Production Functions, Mapkhae.

Mapkhae: Production Function Analysis Summary.
C s . . Potato, Taro Potato, Taro,
TOp Rice Rice Rice Sugarcane Sugarcane Eggplant _Eggplant
Functiona? Linear Linear Cobb-Douglas Cobb-Douglas Cobb-Douglas Linear per rai Cobb-Douglas
Form Per Farm Per Famm per Farm per Rai + per Farm + Planted Area per Famm
Planted Area
R2 «71440 «61037 .89865 .87387 + 92409 «92174 «95082
Degrees of 10 13 11 5 6 1 2
Freedom
Constant 411.52 88.89 486.10 0 0 -1721.68 0
Term  (1876.82) (248.97) (10.69) (706.96)
Planted Area 35.09(f) 19.458(d) 1.608(b) 1.996(b) 1.199 115.54(e)
(35.63) (12.486) (.616) (.693) (1.403) (46.21)
¥ Broadcast =-367.37
Rice of Total (1964.00)
Labor .097 .347(e) _ 080 2.205 2.414(c) .699(d) .761(c)
(.607) (.282) (.428) (2.407) (1.059) (.204) (.211)
Draft Power .970(d) -.462(f)
(.671) (.485)
Capital Charge _3gq .929{f)  735(p) -.669(T) -.649(e)
(.962) (.914) (.326) (.604) (.521)
Cash Cost  -1.486 -.a37(f) .184 1.143 .919(¢)
(2.733) (.498) (1.85) (3.177) (.308)
Rent 16.188(€) 4.596(¢)
(5.711) (1.241)
Returns to nea.(1)  n.a.(1) 3. 394 1.720 2.964 n.a.(1) 6.276
Scale
(1) n.a. = not applicable to this type of function. (2) Probabilities the estimated coefficients are signi-
ficantly different from O are as follows: a = .99,

b= .9, c=.90, d= .80, e =

.70, £ = .60

[2))
(S}
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The budgets indicated the presence of losses on most crops
when labor was valued at prices prevalent during pealk 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 suvject to commodity pzice fluctuations 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 lMapkhae. 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 including
broadcast rice as a percentage of rice area planted as a variable. Howe
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 ral of rice land
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increases rice production by only 19.458 kilograms, an additional

one iiour 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 bant 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. CobuL-Douglas results for rice were poor as three
input groups had negative coefficients. Sugar cane twunctions indicated
a negative relation vetween capital charges and output for woth per
rai and per farm functions. Labor was being efficiently used witn
marginal value productivities being close to one vaht per hour (tue
vage rate). Labor use appears excessive for both vegetacle functions
although the small number of degrees of freedom make inferences from
the results difficult. Cash costs would also appear excessive as
marginal physical products were close to one, product price about one-
half baht so marginal value products would be about one-iwlf the wage
rate. Tlowever, the use of Lamily lahor was particularly hLeavy on
thene eropo md lower wape rateu probably wouwld ULe more relevant to

ad just for cidldren and women doing the bulk o1 hoeiny und harvesti.g.

Non .Jom Boon

Table 3.6., the crop budgets, indicated a more even distri-
bution of inputs between the three crops studied than in Mapkhae. Pro-
duction costs per unit of output were more in line wibn historical
prices received and the losses sustained on rice reflected a major drop
in glutinous rice prices caused by several years of overnroduction in the

major producing areas. Kenaf profitc were substantial witu the good



Table 3.6. Crop Budgets, Non Som Boon.

Crop Rice Kenaf Watermelon
Unit Baht % Baht % Baht %
Land @ Rent Value 42.69 20.69 40.01 15.69 50.00 19.41
Labor @ Baht 1.25 110.48 53.55 177.38 69.54 64.09 24.88
Per Hour
Draft Power @ 41.67 20.20 27.78 10.89 50.04 19.43
Baht 3 Per Hour
Cash Costs 5.47 2.65 8.99 3.52 93.10 36.15
Crop Capital Charge 6.01 2.91 0.90 0.36 0.33 0.13
Total Cost Per Rai 206.32 100 255.06 100 257.56 100
Total Revenue Per Rai 95.24 — 346.62 -—— 330.77 —_—
Profit Per Rai -111.08 —— 91.56 -——- 73.21 ——
Total Cost Per Kg. 1.11 — 1.68 —— 0.29 -
(2)
Price Per Kg. (2) 0.51 -— 2.28 -—- 0.37 -—-
Profit Per Kg. (2) -0.60 -—- 0.60 - 0.08 -—-
(1) Data includes early and late watemmelon crops. (2) Per melon for watermelons.

99
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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 tue production function
analysis. The production function coefficients were generally positive
and significant. The negative coefficient for planted area in the
per ral function for kenaf indicated diseconomies ol scale as did the
returr:s to scale figure, excluding the land variable. Dratt power
was an important input in all crops reflecting the absence of tractor
plowing and villagers' dependence on their water buffalo for all land
preparcation purposes.

Rice yields were slightly under the all Nortneast average,
and kenaf yields are well above it, while no data for comparison were
available for watermelons.

Labor productivities were low with t.e exception of water-
melons. harginal value productivities were «1 to .54 for rice a:d
kenai’ but 2.7 for watermelon. A similar pattern emerged for draft
power and capital charges. This reflects tne introduction of a new
c¢rop where resource use has not yet reached equilibrium levels. Cash
coot productivities were high and reflected the general shortage of
cash in this village.

The individual crop functions in Non Som Iioon gave more
reliable and plausible results than those in Mapkhae. lore obser-
vations were available, crop production practices were more uniform,

and yield variations were not as great.
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Clop

Functional
Foxm

R2

Degree of
Preedom

Censtant Term
Land

Seed Cost
Labor

Draft Power

Capital Charge

Cash Cost
Rent

Returns to 3cale
(1)

Rice

Linear per Rai
+ Planted Area

- 67479

1Y

-86.89
(75.70)

5.30(°)
(2.79)

.208
(.418)

3.64(9)
(2.73)
6.01(4)

4,52
5.65(9)

(6.22)
1.16%)

(1.51)
(1)

n.a.

Rice

Cobb-Douglas

per Farm
. 6‘11 50

21

4.58
(3.05)

.250(¢)
(.169)

.334(¢)
(.190)

.212(%)
(.209)

.299¢¢)
(.174)

1.095

Kenaf

Linear
per Farm

.88581

20

206.197
(178.742)

22.755\¢)

(17.985)

.167(%)
(.163)

2.58()
(1.59)

11.85(%)
(11.54)

6.12(P)
(2.54)

Ne3s

n.a. = Not applicable to this type of function

Sumnary of Crop Production Functions, Non .om Boor.

Ketiai Taternelon
Covv-Douglas linear
rer Rai + per Rai
Planted Area
.6804. «39973
20 5
26.40 -3002.74
(2.17) (2361.79)
~.167'4
(.104)
173.01(6)
(128.27)
L2658 7.45
(.171) (12.84) ,
.101(%) 27.56(€)
(.113) (21.76)
.00l ) 1426.95¢)
(.078) (1216.29)
.313(P)
(.148)
.590 nea.(V

JYatermelon

€obb-Douglas
per Farm

- 13357

3.37
(11.41)

«383
(.502)

.021

(.718)
.961(@)

(.601)

89

<173
(.426)

1.538

Probabilities the estimated coefficients are
significantly different from O are as follows:

a=.99, b=95 ¢c=90,d=280,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 tnan the otuer two. Corn and
mung beans were raised only for sale so the suvstantial areas in these
crops coupled with tue 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, and 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 lavor
and animal power. Thus negative but significant labor coefficients and
large positive capital coefficients resulted from the per farm functions.
Estimating functions on a per unit of area basis did not improve results
significantly. The allocation ol tractors as capital, even after adjusting
for hiring out of part of the tractor services, still caused larpge varia-
tions in the capital charge assigned to owners and non-owners of tractors
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 but 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.

1
Crup Rice Corn Sorghum( ) Mung Beans
Unit Baht % Baht % Baht % Baht %
Land @ Rent value 75.14 23.93 53.40 28.50 60.00 46.30 27.00 15.84
Labcr @ Baht 1.50 134.40 42.79 66.39 35.43 10.70 8.26 i04.79 61.49

Per Hour
Draft Power @

Baht 3 Per Hour 38.73 12.33 25.80 13.77 0 0.87 0.51
Cash Costs 48.01 15.29 33.75 18.01 26.73 20.62 32.72 19.20
Crop Capital 17.77 5.66 8.04 4.29 32.17 24.82 5.04 2.96

Charges
Total Cost Per Rai ll14.05 100 187.38 100 129.60 100 170.42 100
Total Revenue per Rai 240.90 —-—- 386.42 — - 204.38 —==
Profit Per Rai -73.15 -— 199.04 -— -82:86 -— 33.96 -——-
Total Cost Per Kg. 0.97 ——— 0.45 —— 2.54 -— 1.65 -
Price Per Kg. 0.74 ——— 0.92 —-——— 0.82 -——— 1.98 ——
pl‘ofit Per Kg- -0.23 - 0.47 -en e -1072 - 0033 ———

(1) 2 observations only Crop not rattooned.

oL



Table 3.9. Summary of Crop Production Funztions, Nong Jek Lee.
Crop Rice Rice Corn, Sorghum Corn. Sorghum Mung Bes Mung Bean
Functional . Linear Cobb-~Douglas Linear per Rai Cobb-Douglas Cobb-Douglas Linear per Rai
Form per Farm per ‘Farm + Planted Area per Farm per Farm + Planted Area
R2, .87990 .61036 .38208 .85911 .85092 .65911
Degrees zf
Freedom 30 30 32 33 18 17
Constant T -34.72 28.00 62.113 28.21 72.00 -13.196
onstant 1lerm (978.97) (3.01) (90.249) (1.57) (8.28) (35.213)
Planted Area 272.23(2) a.91(¢) .27g(d) -.879(0)
(57.44) (2.57) (.195) (.506)
Labor .G72 .3s0(¢) .375(f) .113(¢) -.067 -.183(P)
(.532) (.194) (.433) (.095) (.128) (.087)
Draft Power 1.70 .041 9.80(a) .076(3) .023(e) 7.902(¢)
(2.38) (.049) (2.96) (.027) (.020) (4.393)
Capital Charge -1.70 -3.824(b)
{2.45) (1.750)
Cash Cost .531 .198(® 2.62(¢) .546(2) 1.02(3) 5.323(@)
(.817) (.131) (2.17) (.122) (.130) (1.126)
Rent .223(d) -.726(€)
(.145) (.560)
Returns to Scale n.a.! 0.812 n.a.’ 1.013 0.250 nea.
(1) n.a. = Not applicable to this type of function. (2) Probabilities the estimated coefficients are

significantly different from O are as follows:

a = .99, .

= .95’ ¢ o= -90, d =

LL

080’ e = 070’ T = .60.
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rice. Capital charge coefficients were negative for the functions

in whicin they were included, rerlecting problems outlined above.

Draft power resultes werc poor for rice since substantial substitution

of tractors was occuring. Hesults were better for corn and sorghum while such
small amounts ot dratt power were used for mung beans that draft power
productivities have little meaning for this crop. Large draft power

coefficients for corn and sorgnuu 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 more often in the use of one or more factors of
production. An anslysis of the value of draft animals must include
their contribution to all enterprises. Thus a whole farm production
function aggregating each fammer's total inputs and outputs was
necessary. Inputs were aggregated 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 (MVP) for each input. Por the linear functions,
+ 2b, X, where X is the

i 171
arithmetic mean level of the i th input; and for the Cobb-Douglas

VP = g § for the quadratic function, MVP = b
function MVP = biY -ii where the means are geometric meens. The MVP's
are directly ovotainable from the production function because the
dependent variable is in value terms while the independent variables
are in physical termms for land, labor and draft power and value temms
Por rent, capital, and cash cost (7).

Assuming cost minimizing behavior by the farmer and no re-
Source constraints, each factor vill be usged up to the point at which
the MVP of that resource equals its marginal factor cost (Mrc), 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 indicates the farmer has allocated the resource so its returns
are just paying for its cost. A ratio less than one implies excesns
use of the resource 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 marginel physical
products that equated MVPAIFC = 1, a t test was performed The required
b values tor the two functional torms, where X and Y are inputs and

outputs and P are prices, are

Linear Function: MPPxiPy
'—=1,0I'
M7C
b, Py = 1 s0 b = Px
X i (required)  PY
Cobb-Douglas Function: MPPx1Py
=1’
MPC
bi<¥/X)Py =1y by (required) =(Px/Py) (X/X)

Px
The appropriate t test was

t = bi required - bi obtained

var bi

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

varisnce = (?/2)2 (standard error)z.
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liapichae
Whole fam production functions were initially fitted

using ovservations from all twenty-two farmers selected. The presence
of high values produced on a per farm and a per rai basis by the sugar
cane producers biased the results heavily toward labor and cash cost
and gave negative productivities for land and draft power.

Therefore, functions were estimated by dropping farmers
who used no aiiimal inputs on any crop. This brought signiticant improve-
ments in first order corrslation matrices, regression results, and
allocative efficiency analysis, A comparison of the conrrelation coet-
ficient matrices for output-inputs and inputs-outputs is presented
in Appendix B, Tables 1-4.

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

A similar improvement occured between labor inputs and draft inputs as
was expected because of the harrowing--tra.nsplantmg relationship in
rice production, the only animal-using crop enterprise.

Production functions of the aritimetic type gave more
consistent results than the other iunctional farms in llapkhae, both on
a per farm and 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. ILinear 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. Cummary lieasures of Efficiency Analysis, lapkhae, 1 and 2.

1. Linear Per Farm: Only Farmers Using Draft Animal Power

(1) V = 67.812 ~ 84.395L - 116N + 2.3924 + 2.152C + .882R
R% = .95007
Variable Coeff. S.e. S.1.(1) Ratio: MVP 3.1.(2)
MFC
Planted Area (L) ~84.395 25.490 0.98 ~1.455 0.99
Labor (I) -0.116 0.584 0.10 -0.116 0.90
Draft Power (A) 2.3%92 1.293 0.80 0.997 0.01
Cash Cost (C) 2.152 0.3590 0.99 2.152 0.95
Land Rent (R) 0.882 0.461 0.90 0.882 0.01

(1)8.1. refers to the probability the estimated coefficient is
significantly different from O.

(2)8.1. here refers to the provability the coefficient required
to equate MVP and MPFC is not equal to tne coefficient actually computed.

2. Quadratic Per Fam: Only Farmers Using Draft Animal Power
(2) V = -126.317 + 39.27TL - 1.157L% + .1550 - .00015N° -

3-505A + .004A2 + 30463{ - oOO&{z + 3.8610 - 00004302

R? = .99575
Variable Coeffo 8.Ce 5010(1) Ratio: I_/LV:-E 8010(2)
MFC
Planted Area (W) 39,277 93,706 0.20
) "0530 not
Planted Area -1.157 0.991 0.60 possible
to
Labor (N) 0.155 2,957 0.01
o - 348 compute
Labor -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) 34465 5.514 0.40 -.391
Capital® ~0.008 0.005  0.70
Cash Cost (C) 3.861 1.726 0.80 2,772

Cash Cost’ -0.00043  0.00037 0.60
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land rcnt 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 best results in the efficiency analysis,
shown as function4 in Tab.e 3.11. This formulation avoided the negative
productivity of the planted area variable fo.nd in equation 1 of Table
3.10. All marginal productivities were positive and all except animal
power significantly different from O at the 70 per cent confidence
level or higher. The improvement of results obtained by eliminating
from the aralysis 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 furtier analysis ol resource nroductivities. The conclusions con-
curred with those expected. ILabor and dralt 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 %o capital shortages and a general shortage of cash income
in this village. Capital shortages were also indicated by the MVPAMEC
ratio for capital derived from equation 2, Table 3.10., Land rent

appears to reflect underlying land productivities well,



T8
Table 3.11. Summary Measurec of Efficiency Analysis, Mapkhae

(3) All Farmers: Linear Per Rai

(3) V_=-8.152 + .093 _n_ - 1.283 _4 + 2.077 C_+ .852 R_

L L L L L

R? = ,97981
Variable Coeff. Se€. s.1.(1) Ratio: %gg 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/rat 2.077 0.104 0.99 2.077 0.99
Rent/rai 0.852 0.716 0.70 0.851 0.10

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

(4) _V_=~84.952 + .550 N + 1.206 _A + 1.686 C_+ 1.014 _R_
i i T T T,
R = .96354
MVP
Variable Coeff. s.e. s.1.(1) Ratio: yrg s.1.(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/rai 1.686 0.104 0.99 1.686 0.95

Rent/rai 1.014 0.716 0.90 1.014 0.01
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Non som 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 cust was in the form of a fixed cnarge per haul, regard-
less of how much was hauled. Thus it was a lumpy input and difficult to
assess by regression techniques. Iand rent was included as a proxy for
land quality. The lack of a well-developed land rental market plus vir-
tually uniform rent value estimates 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 uvnit of area. In
other words, draft power in this village was essentially a fixed input

rer unit of area.
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fable 3,12 Jummery l.easures of Efticiency Analysis, Non 3om boon.

v = 15.?7 __l\’__.579 A ‘016 C 0078 -}3-_"'16/ L.145 R R2 = .55843
L L L L L
Variable Coef?. se€. 841.(1) Ratio:%-% 8.1.(2)
Planted Area (L) 145 135 0.70 744 .001
Labor (I") «HTY «151 0.99 «940 .01
Draft Pover (A) 016 137 0.05 «106 .001
Cash Coat (C) .078 .099 0.50 1.481 .001
Land Rent (R) -.167 128 0.70 =979 «99

(1) significance level here refers to the probability the actual
coefficient is significantly different from O.

(2) .ignificance level here refers to the probability the required
coefficient (reauired to equate MVP and MFC) 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 or
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 plausivle explanation. ‘The high
signiticance level of the factor allocation analysiv section for
animal power must be interpreted with caution since the coefficient
itself was not significant in tne production analysis and the
standard error was very large glving a lurge 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 the whole farm analysis are given in Appendix B, Tableo

5 and 6.
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Nonsz Jek Lee

An arithmetic function quadratic in the labor and casn cost
variables uczing per farm data gave the best results for Nong Jek Lee.
3ince all farmers used some dralt power inputs, all ovuservations were
ugsed. Transforming per farm variables to per unit of area variables
was wmecesoary as correlation between tne total crop values produced
and total crop areac planted were not considered excessive (.78800)
Appendix B, Table 7). Unfortunately, significance levels cannot be
calculated for the cost minimizaiion analysis on the quadratic
variables. The magnitude of both MVPAIFC ratios would indicate,
however, tiat neither labor nor cash cost was being used at the optimum
level, i.e. too muci labor and too few cash costs. Again, the heavy
labor inout in transplanted rice and its low value produced per rai
relative to corn (240 vs %60 baht per ral) would explain tie negative
marginal value productivity or labor. Rationing of cash costs also
would explain its higu productivity.

The equation and results ol the analyses are presented in
Table 3.13.

Roth planted area and draft power appear highly profitable
from the avove analysis. The use of large tractors has allowed large
acreages of corn and mung beans to be grown without diminishing returns
to drait power setting in.

Phe high productivity of draft power stems from two sources.
First, farmers transplanting rice achieved much higher yields and they
inevitably used draft power for replowing and puddling their fieids.
Second, fammers cultivating their corn with cattle did vetter yieldvise,
and cattle cultivation appeared profitable. These figures were used in

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

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

V =
9.844 A + 4.927 C - .000287 C2
R? = 77864
: s : : MYP ¢
Variable $ Coeffo H Se€s H S-l-(l)g Ratio: mv:-c- H 5010(2)
Planted Area 139.687 45,119 0.99 2.253 0.90
Labor 0.277 1.782 0.10 - 604 not
Labor? -.00016 .00014 0.70 possible
Draft 9.844 3.747 0.99 3.281 0.90
Cash Cost 4.927 2.116 0.98 .
5 3.757 "°ibl
Cash Cost -.000287 .00024 0.70 possible




S 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.

Transfoming per farmn variables to per unit of area varia-
bles gave the best results in lMapkhae and Non Som Boon while a per famm
function worked best in Nong Jek Lee. The linear form was used in
llapkhae, 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.

0f 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 plowing and broadcast seeding methods requiring
a very small labor input. The negative labor productivities of labor
in the mung bean produc%ion function (Table 3.9.) would tend to bear
this out. The high marginal value productivities of Wong 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 amownts
(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. ILand rent as
an indicator of land quality gave good resulys in Makhae, 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 productioz
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 BUFFAIO FRODUCTION

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-—
tMnmenutMW@tmpmuﬂmofmnuedeWEMvamw
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 retum.

Herd Characteristics

Beginning and Ending Inventory

The basic inventory deta for all farmers in each village are
sumarized in Tables 4.1, and 4.2. The biomaas estimating procedure is
described in Appendix C and was of necessity crude since welghing of ani-
mals was not possible and tape measuring was possible only on the more
docile animals. Measurements of carrying caracity and herd output were
made using Liomass 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 Total Total Biomass Total Herd

Village of Animal with that animals by animal Biomass
Farmers Type type Males Females type (kgs) (kgs)_
Cattle 10 170 94 76 37,086 56,126
Mapkh ?
apkhae 40 Buffalo 14 54 24 30 19,040
Cattle 10 a7 15 32 9,373
Non Som Boon 52 Buffalo 49 125 70 55 48,957 58,330
Nong Jek Lee Cattle 59 226 179 47 74,435
J 62 Buffalo 2 4 4 o) 2,134 77,569

L8



Table 4.2. Cattle and Buffalo Biomass by Functional Groups (kgs).

Mapkhae
Sex Male Female Total
Age 0-2 2-4 Mature 0-2 2-4 Mature 0-2 2-4 Mature
Cattle 4875 4463 12,175 2153 4410 9010 7028 8873 21,185
Buffalo 825 4230 3343 1085 2223 7334 1910 6453 10,677

Non Som Boon

Sex Male Female Total

Age 0-2 2-4 Mature 0-2 2-4 Mature 0-2 2-4 Mature
Cattle 1125 1050 675 133 1680 4710 1228 2730 5385
Buffalo 2312 3862 23,148 1125 2858 15,652 3437 6720 38,800

Nong Jek Lee

Sex Male Female Total
Age 0-2 2-4 Mature 0-2 2-4 Mature 0-2 2-4 Mature
Cattle 1727 5462 56,299 1929 1959 7059 3656 7421 63,358

Buffalo 0 0 2134 0 0 0 0 0 2134

88
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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 estinated by functional group 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.



90

Herd Growtli Components

Changes in the cattle and buffalo inventories over tue
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 llapkhae, Non Som Boon, and Nong Jek Lee were 22,
32, and 8 percent, respectively, of the initial biomass. Transactions,
theft, and death losses reduced biomass increase to 2, 18, and 5 per-
cent, respectively. Farmers in Mapkhae and llon Som Boon had rapidly

increasing herds which permmitted 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 atter deducting transactions and death losses. The Nong Jek
Lee bwifalo herd was too small to draw conclusions from. The substential
decline in the buffalo biomass in Mapkhae could be attriouted to several
causes. Iirst, most rice fammers had buffalo. Very low lamily incomes
as a consequence of poor rice yields resulted in many families selling
some of their animals to purchase rice and otner food. Second, tractor

plowing was displacing some of the buffalo draft functions. Third, an



Table 4.3.

Herd Accounting Sheet

Cattle Inventory Changes

Herd Increases

Hexrd Decreases

Transactions e Biological Tran;:::i;:s —  Thert Biological -Net End
i i * Birth 1 ’
Village Begin Purchase In  Loan In irths Sales Loan In In Death Change
Mapkhae 170 2 0 3 33 21 7 0 0 3 +7 177
Non Som 47 4 o 0 18 14 0 0] 0] 0 +8 55
" Boon
Nong Jek 226 15 2 9 25 22 5 1 4 3 +18 244
Lee
Buffalo Inventory Changes
Herd Increases Herd Decreases
Transactions Biological Transactions Theft Biological Net End
. . . Births . Death Change
Village Begin Purchase Rent Gift In, Gift In Rent
9 9 In Loan In Sales Loan In’ In
Mapkhae 54 0 0 3 9 19 0 0 0] 10 -17 37
Non Som
Boon 125 20 2 8 28 36 5 1 0 2 +14 139 2
Nong Jek 4
Lee 1 1 1 0 2 0 0 0 0 +1 5




Table 4.4. Biomass Accounting Sheet

Cattle Biomass Changes (in kgs.)

Herd Increases

Herd Decreases

Transactions Biological Transactions .
: Rent GIft : Animal Gift In, Rent Theft prol- chey  End
Village Begin Purchase In & Loan Births Growth Sales Loan In, ot a *hange
Mapkhae 37,086 793 0] 628 3407 4865 6612 1631 0] 528 +922 38,008
Non Som 9373 840 0 0 2210 805 2142 0 0] 0 0 +1713 11,086
Boon
N°“g Jek 74,435 5899 760 3476 3810 2427 8346 1464 380 1414 1032  +3736 78,171
ee
Buffalo Biomass Changes (in kgs.)
Herd Increases Herd Decreases
Transactions BlOlOglC:;. - Transactions Theft gi:iﬂ Cﬂ:ﬁge End
2 s Rent Gift s ima .
Village Begin Purchase Births Gift In, Rent
In & Loan Growth Sales Loan In Out
Mapkhae 19,040 0] 0 833 1915 2276 6587 0 o) 0 2098 -3661 15,379
N°;°§gm 48,957 9108 1028 4102 4348 2896 14,304 2063 514 0 351 +4250 53,207
N k
org Jek e 407 534 534 o 0 1068 0 0 0 0  +407 2541

c6
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outbreak of haemorrhagic septicaemia caused an abnormally high deat..
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 groviti
components of the herd while the number of mature males place a limit
on tne dralt 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 offepring 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 oi' the herd by animal type and village
are shovm 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 Taple 4.5
shows, at present birth rates, the proportion of the herd that could ve
gsold or otherwise lost aud still maintain a stable population. Offtakes
higher than the rates in Column 8 deplete the herd while lower rates of

offtake build up herd populations. Column 9 indicates potential offtakes



Table 4.5.

Herd Composition and Reproductive Measures.

1 2 3 4 5 6 7 8 9
Tot. ani-
mals, beg. Aver. no. Aver. no. % mat. % mat. No. of Birth Hexrd Herd
Village Type of study males & mature cows of cows of births rate reprod. reprod.
females cows total herd mature rate capacity
animals % y. 4
Cattle 170 88 48 28.24 54.54 33 68.75 19.41 28.24
Mapkhae
Buffalo 54 28 16.5 30.56 58.92 9 54.54 16.67 30.56
Non Som Cattle 47 30 26 55.32 86.66 18 69.23 38.30 55.32
Boon  puffaloe 125 87 40 32.00 45.97 26 65.00 20.80 32.00
Nong Cattle 226 180 33 14.60 18.33 25 75.76 11.06 14.60
Jek Buffalo 4 4.5 0 0 0 0 - 0 0
Lee
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

¥6
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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 comoine to produce optimum
growing conditions for the offspring with minimum stresses on the cow.
The resultant pattems 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. (10) as the cows attaining prime condition during
thic 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 nutritional 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 farmer were
combined into a large herd and the non-castrated males could circulate
and breed. In most cases, this was the winter period beginning vith
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-Jamary

period for buffalo. Using the same reasoning, increased cattle births



Figure 4. 1.
CATTLE PARTURITION SEASONALITY PATTERNS
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Figure 4. 2.
BUFFALO PARTURITION SEASONALITY PATTERNS
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in June ard July in Mapkhae and Nong Jek Lee would then correspond to
corm narvest when some upland fields were grazed by larger herds ol
cattle in Septemover and October, tne months of conception corresponding
to June and July births.

Phree factors determined the desirability of tuis prevailing
seasonal pattern--temperatures, rainfall, and crop residue availability.
The lower mean naxinum temperatures during the early part ot the primnary
parturition period lessened physiological stresses on young animals.

The very low rainfall during this period implied poor forage sources

from natural pastures. This was counteracted, in part, bL- the major

crop residue sources vecoming available during tue early part of tris
pefiod. TPoward the end of the primary parturition period, February

and l.arcii, all of these factors were vecoming unicvorable with risinrg
temperatures, sparse rainfall, and, by this time, a depleted supply of
crop residue. Births during this period were thus undesirable. Rufener's
study (39) shovied that all animal groups, except younger growing stock,
lost 10 to 15 percent or their irnitial body weight during the January-
April period.

Animal Value Estimates

Prices of animals were estimated froum transactions recorded
over the study period. The age of each amimal was estimated by tie
farmer at the time of the transaction. The mean values at each age vere
then graphed and are given in Figures 4.3. through 4.6. The curves for
the Nortiieast and Central Highlands used data from the case study village

plus the two villages in each region surveyed in Novemver, 1970. The



Figure 4. 3.
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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 uLstween 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 Mavkhae only.

Definite trends are apparent in Figure 4.3. through 4.6.
Value increased rapidly up to maturity, remained about tne same over tue
animals' productive litespan (four to vight or nine years) and usually
declined when tie acimal was no longer productive anu could be solu a-
a cull for ulaugnter. These graphs indicated that a substantial in-
creage in farm level onricec for slaughter animals would nave to occur
Lefore slauguter prices would equal or exceed prices dictated vy the
auimals' productivity as draft power or breeding stock.

Production Technology

The potential sources of increased vovine productivity were
outlined at tue end of Chapter I. Evaluation of the technology levels
existing in the case study villages indicated most measures were not
availavle and tuose wldch were available were otften not uniformly
utilized. Tablle 4.6. gives the percentages of all farmers using some
of the outlined measures whirh were thought to be available to Thai
villagers.

The use of nutritional and housing tecimology reflected the
presence of traditional production techniques. Variations in use vithin
categories reflects individual farmer preferences anu convenience factor
rather t.uan 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
4 . hnol Maokh Non Nong Mapkhae Non Nong
Production Technology apkhae son Boon  Jek Lee Som Boon Jek Lee

II.

III.

Iv.

Genetic
Exotic breeding stock

Nutritional
Stored roughage (rice straw)

Fresh roughage (grass clippings)

Animal Health

Veterinary inspection at least
once per year

Animal Housing

Structures
Shade in grazing area

Pen under house for shade
and theft protection

Feeding and watering facilities
Feed trough

Water trough (unsanitary)

20

100

20
60

percent of owners using this technology

100

10

4

100

100

0

47

80

18

100

16
16

29

77

100

46

27

24

49

100

50

75

100

yol
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repreveirted tne only instance of non-traditional techiniques being
used, The non-uniiom uve of veterinary services reflects farmers
choice of using or not using the veterinarian service when it arrived
at tre village for innoculations, not a pattern of discrimination
ationg the veterinarians. The exotic stock was Tralmin bloodlines
introduced on a sifmificait scale in 1957 with the importation of 101
vulls and 30 heifers from the United States (%7, p. 13). Hon Som Eoon
is rear ti.e Departrment or Livestock Development Ltation where some of
the stock was originally disseminated from.

lloderr. nutritional practices were not followed in tue stuuy
villages. Variations in animal size, growth raies, a. d condition tiwus
retlected primarily the nutritional levels proviued Lrom tne village

vio-systen.

Production lesources

Procedure

A deszcristion oo tie major recourcen used iu livestock produc—
tion is given first. Then an aralysis of each factor is conducted tfor
each village.

Land resources.--Grazing was confined to two major classces

of land(a) permanent pastures accessible to all animals; aud(b) cropland
winicii provided varying levels of pacture azd ocvgpvlementarv feed resources.
The procedure was to inventory a.d classity all land within each village

for prazing use on either a permmanent or seasonal bacic. 'he lund 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 montnly 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 tie village
nerd ard morthly carrying capacity of the village land.

Labor resources.--In all villages herding was the primary

responsivility of village children. Occasionally the farmers' wives,
relatives, or older people herded, but this was usually in slack
perioas of crop lalor 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
roupuage source. Labor use was ilghest when all crops were planted ano
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 marginul value productivity of adult labor.
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3. Adjustment for seasonality in the price ot
livestock production labor was not made.

Capital resources.--Capital investments in livestock pro-

duction were in facilities such as pens, corrals, rice straw, feedins
equipment aud watering troughs, and investments in trne stock of
animals., Facilities were assigned costs using straignt line depre-
ciation methioas. Costs were determined by estimatins; costs of re-
producing the facilities. In addition, a capital charse was alsco
made equal to the estimated present value of tne assets times a
l'ifteer percenti discount rate.

A capital charge was not assigned to tne stouk of animals
because the method of evaluating the livestock production enterprise
estimated the rate of return to the enterprise which equates positive
and negative cash flows. This rate can also ue interpreted as a
capital charge vidch equates the enterprise casn 1lows. Iae ectima-
tio: of rates of recturn is carried out in t.e last sectior of tnisg
chapter,

Land Use by Village

Mapkhae. =~ Total land area of Napkhae was estimated at
1574 rai (2,5184 square kilometers or .97235 square miles). This was
close to tue village headman's records showing 1600 rai in Mapkhae.
Village graziug was limited to this area will Lue exception of one
large cattle herd whichi migrated at the time ol rice plw.ting to a
larre pasture area outside the village. In addition to t.e croplund

overated oy tue rort, farmers included in the study (724 rai), some
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cropland was overated by farmers from surrounding villages. This
rented-out cropland was available for village pasture after harvest.
This increased total plarnted area to 1000 rai. Non=-cropped land con-
sisted of houselold areas (eiglty rai), fallow cropland (ninety-eight
rai) and scrub forests (396 rai). The 132 rai of sugarcane was never
available as pasture and thus coatributed nothing to livestock produc-
tion. Adjucting cropland for monthly availabilities as pasture leaves
a yearly average of 903 rai aveilavle for grazing out of the 1574 rai.
The 903 rai, plus some limited rrass cuttings and rice straw, supported
an average combined biomass of 4641273 kilograms, (adjusted for the
absence of tie large herd for 7 months) or about 92,546 animal units.
On an average basis over the year this was 9.757 rai per aaimal 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 or lanu use for grazing in lapkhae.

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 monthly 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 bLecause a complete record ol grazing
utilization for all herds was impossivle to obtain. By adding the
cropland available per month to non-cropped land plus forests, the

carrying capacity varied from a high oi' 14.21 rai per animal unit in
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Figure 4.7.B.
MONTHLY GRAZING AND SUPPLEMENTAL FEEDING
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Figure 4.7.C.
MONTHLY GRAZING AND SUPPLEMENTAL FEEDING
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"arch and April after the large lhierd had left the village to a low

of 5.96 raul (2.36 acres) per aninal unit in October. 'Tue shortage ol
grazing resources during this period was alleviated by cutting grass
onr bunds and on areas where it was difficult to graze animals, and

by cuttins weeds from fields. Pigure 4.7. shows effort expended on
these tasks was invensely proportional to cropland availabilities. If
rice straw was . 11 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) vhen grass was again becoming scarce.

Non Som Boon. == This village was intermediate in size,

beling about three times as large as Mapkhae and two-thirds the size of
Fong Jek Lee. The upland areas pastured were much larger than in
l.apkhae but available for only a short period each year since kehaf

has a long growing period. Unlike many areas of the Nortieast, fallowing
of upland was not common,

Totel area in Non 3om Boon was 4,310 rai (6.9 square kilo-
meters or 2.66 square miles). OFf this, only 117 rai was in fields
suitable for permanent pasture near tne village. The other pasture was
near the Chi River, in savamnah areas bordering the rice fields and
scattered areas of the upland fields. The rice field area was 56% rai
while upland areas totaled 3,288 rai, not all of it crorpved. GCome
upland aress were too distant from the village and water 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 1esources.

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 ouvtained so actual areas
of cropland avallable are considerably in excess of those shovn over
the December-llarch 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 1.95 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 tidis study. The other areas
were operated by farmers in outlying areas of neighboring villages with
some large rice tracts rented out to larger fammers. 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 upland crops, and 622

rail 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 kiio-
grams or 157.28 animal units glving an average carrying capacity of
8.07 rai per animal. Carr;ing 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
Septemver-October period. Second, the permanent pasture available was
of good quality with a good supply of water. Third, the large rice
areas per farmer guaranteed an abundance of rice siraw 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 coitrol,
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 they were 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 moct parturition occured during tuls free grazing period,
the herdsmen of each family were responsible for the prevention of
trampling of newborn animals. These factors Justified thc assigiment

or positive wage rates to herding labor and helps explain why herding
lavor inputs were hignest over tiie December-March period after fields

were harvested and free grazing was possivle. This was also tne period of
shortest water when the auimals had to be driven longer distances to

drink and wallow.

The seasonal pattern of bovine herding labor corresponded
closely to the cropland availability in Figure 4.7. As the fields were
planted, the smaller herds were staked out in the fields being worked
or kept at home and fed cut grass or rice straw. Pigure 4.8, indicates
the seasorality of herding labor per family as recorded from the
sampled farmers during tae montily visits., The decreasing labor fron
April to July corresponded to croplard preparation and planting.

Herdsman labor increased as upland fields became available later in tlie
sumner out decreased in November when rice harvest hegan and most labor
was rovilized for rice harvest, and increased from then on as the entire
village area became available for grazing. The January-I'chruary decrease

i1. herdi.g labor corresponded to tne availauvility ot rice straw for
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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 labor
cuarge:: per auinal made it necessary to know the herd size. Regression
equations were estimated for total and average labor requirements per
farmmer as a function of each farmer's herd size. If cattle and burfalo
were herded together, the total herd was defined ac animals of both
ty pes.

Results of the regressious are given in Appendix D, 'l'avle
1« The regression results were used for two purposes, First, the
average herding labor input per animal was estimated by suiustituting
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 lavor cost for an additional animal being added vy
a virth was computed by sucstituting into the equation the average
ﬁn%emmsueMwomaMs%qumfmmmemwemehmr
used at the average herd size. Since economies of scale were sub~
stantial, this marginal increase in labor was well below average lator
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 lavor use by
increasing average herd size by one animal.

Capital Use
Variations in capital charges 1'dr 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.)

Village e ?q’éiiseiiﬁeéi)g 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
Mapkhae 146.2 1.4 147.6
Non Som Boon 52,0 8.9 60.9
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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of the type and age ol 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 costs 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.

Analysls ol Hnles of leburn ko Llveslook $rodueLion Bnlerpebsae,

frocedure, -- 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 croplend, 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 Le
fallowed to regain its fertility had virtually no opportunity costs
as a crop production resource duri..g the fallow period. Similarly,
forested areas were assumed to be unsuitable for crop production at
existing levels of teclnology.

The other pasture resource was cropland 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 tiie production and utilization processes
suggested a rate ol ret.rn approacu to enterprise evaluation rather
than a simple profit maximization f{remework (36). The animals had a
non-productive period (birth until maturity) when their contribution,
measured as a cash flow, was negative. After reaching maturity, tue
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 tiiis type can be analyzed by 3 measures:
benefit-cost analysis, external rate of returm, and the internal rate of

return. The respective formulas for these measures are



Figure 4.9.
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(1) B = PR + AFR/k

C CC
(2) r=100k _B_

C

(3) 1 F-o

t-0 (1 + i)
where 5 = benefits

C = costs

PR = curnulated past returns

k = the given rate of interest used to cumulate or
discount returns

AR = annual future returns

ccC cumulated costs

r = external rate of return, or the rate at which
all future returns pay orf

n = number ol years for which the intermal rate of
return is relevent -

Fn = net cash flow in year n
i = an intemally 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 returms at a point in time
Equations 1 and 2 express the same measure while equatiou
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
ol benelits from an investme:.t extend over a long period of time. It is
also quite sensitive to the discownt rate and tiie ratio of operating to
capital costs. lieasures one and two would be more aporopriate for

evaluation of a pasture improvement wilere the benefits extend over a

long period (30).
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Por 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 estinates for Judging
livestock enterprise returns witn those of alternative iuvestments.

Calculation 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 taoe 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 computed by arriving
at a net value per calf raised to maturity and multiplying tlds 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 weuning 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 toneir fourth year.

Regults. — 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 casun flows over the
period under consideration was equalized. Thece are given in the final

column of Table 4.11.
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Table 4.8. Cost Data Used for Internal Rate of Return Calculations

Nong
Mapkhae Non Som Boon Jek Lee
Cattle Buffalo Cattle Buffalo Cattle
Herding Labor:
Fodder-Gathering

Hours/Animal 13 13 31 31 125
Total Labor:

Hours/Animal 575 575 816 816 577
Wage Rate/Hr. 2758 275(a) .5875(3) _5g75(2) .750(P)
Wage Bill 158 158 479 479 433
Capital Facil-

ities Charge/

Animal 14 14 42 42 46
Total Cost/

Head per Year 172 172 521 521 479
Purchase Price:

Male Replacement 1500 1340 1940 1600 2030
Purchase Prices

Female

Repl acement 460 1200 1740 1170 1100
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.



Table 4.9. Returns Data Used f-:- :-zernal Rate of Return Calculations

o s (a) Breeding
Village Animal g;;;; ) 2§;£} Power(a) Returns Sale Price: Sale Price:
Type Labor/y=.  Hour Bill/Yr.  Per Cow/ Male Cull Female Cull
‘T : Year
Cattle 31C 1.69(b) 524 410 1500 400
Mapkhae (b)
Buffalo 31¢C .86 267 477 1800 1100
Non Cattle -—— -—- ——- 836 1200 1410
Som ( )
Boon Buffalo 333 2.1'¢ 700 673 1890 1440
Non d
JekgLee Cattle 469 3.0( ) 1407 550 1850 1350
(a) Returns per team £:- :-attle and per animal for buffalo.
(b) Wage computed at =z:3inal value product and adjusted for differences in draft output

between types.

(c) Wage rate per hour :omputed at seasons rental rate.

Gl

(d) Wage rate actually rz:d 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
Total Net . Return
Cost Accum. siize Return Birth per
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
Cattle 235 173 128 93 629 1840 1211 .69 836
Buffalo 235 173 128 93 629 1665 1036 .65 673
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)P 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 femaies.

Column 9: Returns per calf times calves produced per year (birth rate).

9%l
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Table 4.11. Estimates of Internal Rates of Return

Internal
Village Type Sex Enterprise Ratenzf

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.

Mapkhae

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%
from 4~11, sold at end of 11
years as culls.

Buffalo Male Raised from birth to 4, used as 6.1%
draft from 4-11, sold as end of
11 years as culls.

Non Som Boon

Buffalo Female Raised from birth to 4, used as 10.%%(3)
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%
used as draft from 4-11, sold at
end of 11 years as culls.

Nong Jek Lee

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:uese rates served as excellent guides for assessing the
farrers' auility to evaluate his irvestments. In most cases the rutes
were well below the %6 percent interest rate at widch siort tens loans
were availavle, wut are near or slightly Lelow cormmercial lending ratcs
of 12 per cent. In 6 out of the 10 situations exanined, returns Lrom
traditional production and utilization patterns exceeded the 9 percent
rate of return the Asian Development Bank had estinated for its livestock
improvement program (2).

The rates in lapkhae do not indicate wiy cattle numuvers are
increasing and bwfalo numbers declining. This is probvauvly due to a
major disease outureak which resulted in large buflfalo mortalitiec.

The lhign returns to dual purpose femanle wuffalo should
indicate a trend towards specialization in tuese animals. However,
after farmers had their draft work requirements fullilled, furtuer fe-
male buffalo added revenue orly as breeding stovk since tliey were not
demanded as renial stock and very few animals were ever rented in tiese
villages. Tuus their rates of retur. were greatly reduced when they
moved from the dual to breeding category and becare competitive with
cattle for the breeding enterprise., The yearly revenues from cattle
Lreeding were generally hipgner so the expansion of buffalo females
was limited to the dual-purpose animals and no large ihuiTalo breeding
herds were present in any of the villages studied.

The negative return to the Nong Jek Lee cattle breedin; enter-
prise resulted from higher production costs. This explained the rela-
tive smallness of this component of the total herd. The higher return
to the cattle Buy-Draft-Meat enterprise explained why tids is the pre-
dominant form of cattle enterprise in this village as high production

costs worked against producing replacement workstock within the village
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CHATTER V

ALLOCATION OF BOVINE OUTPUT

Allocation of village resources was dealt with in
Chapters III and IV. Chapter III examined the allocation or resource
use in crop production, and, in varticular, tne use of uraft animal
inputs. Chapter IV discussed resources used in vovine production and
the use of breeding stock. This chapter combines the two agpects of
village bovire systems discussed previously--the 3ize of thie herd
supported by the village resource base and the uses made of the herd--
into a formal model allowing analysis of the underlying tactors com-
vosi:g the system. DSome concepts are now preser.ted which may help
clarify the vario.s aspects of production and allocatior. to be dis-

cussed.

Couceptual Framework

Proaucts
jeveral types of products are represented in the village
crop and bovine production systen. Village resources of land, labor,

and capital are comvined to produce rive outputs.

Yy =0y (Y, X, X, Xg)
Y, =1f, (Y4, P o x3)
Yy = £ (Y2, T, X, ;:3)
Y, =1, (Y2, Yoy Xy x3)

<
n

£y (x1, x2)
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where Y1 = food and fiuer crops output

Y = fodder production (excluding grain)

2
Y. = meat
]
Y4 = aralt pouer
Y5 = prazing production
X1 = land
X2 = luvor
X3 = caplital

The ive outputs ere coprised of three types of products.
'ood ard fiver crops (Y1) ard nmeat (Y3) are final products and are sold
outside o1 tue village or consumed within the village. Internediate
proaiic te are those which are rot sold outside of the villuse, but instead
are ugsed ar inputs in the nroduction of the final prouucts. Interrediate
produ: ts in this niodel are fodder (Yz) and grazing (YS) which are used
as an input irto vovine production (Y3 and Y4) and dralt power (Y4) used
in t.e prouuction of food and fiver crops (Y1) and t. eir lodder uy-products
(Y2). The t:ird type of product: represented are joint products, or
products onroduced in fixed proportions. The joint products assumec in
crop production are food and fiber crops (Y1) and fodder (Y2).

In summary, the following products are represented in each

village:
Final Joint Intermedlate
Products Products Products
! v y -
3 1 1 Yy 5
I'eat Food and Fodder Draft Grazing
L Piber

Joint Products in Some Cases


http:protic.ts

Mlow Clhiarts

Production relationships and resource-product flows are
summarized in Figure 5.1. The evaluation of bovine costs and returus
in Chapter IV was a simplified version in whic: costs were contined to
lubor and capital facilities and returns were conrined to draflt power
ana animal sales. 'The generalized model presented in t:i35 chapter
allows the impact or exogenous lorces to Le traced turousn the syoten.

A Tired nerd Liomass level is set Ly tre level of tic
inteniediate sroducts; rodder and grazing resource.. Tiis given level
of Liomass is allocated vetween use as drart power and use for necat
oroduction through breeding herds. Figure 5.2. illustrates the working,
of this portion of the village bovine system.

Replacements come from internally produced calves or from
transactions with sources outside the village. Tue mature aunimal:s are
allocated vetween power and breeding oy relative rates oif return to
each enterprise. Off'takes are ir tiie form of drait power, culls tfor
slaugiiter ard sales of animals in excess of replacemeint requiremenis,

Production Relationsid o

'ne resources and intemediate products are couoi.ed Lo
produce the final products in the village. Three production relatio. -
cnl .o are ovesent,

Factor-ractor or resource suvstitution prouvlems relate
the use of two or more inputs to production levels of a product. The
shape of the resulting isoquant reflects the suvstitution possibilities
in input usape. The minimum cost of producing a given level of & pro-

duct is at the level of input use where

151
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Figure 5. 2.
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IJPPx1 = IPPX, = ¢ ¢« = MPPxn

Px1 Px2 Pxn

Profit is maximized when the levels of resource use are adjusted until
tue ratio otr I'VP's is equal to 1.0, i.e.

P‘Y“ 1'11’Px1 = e o o PY1L1PPXn - 100

Px Px
1 n

Factor-product relatio.iships, sometimes called productior.
functions, specify the output level:s forthcoming fror alternative levels
ol variable input use. Inputs are classified as variable and fixed.
The standard or classical representation of tie production function has
total product first increasing at an increasing rate, then increasing
at a decreasing rate, and finally decreasing absolutely as increased
levels of tl.e inputs are applied. The increasing use of lalor on a
fixed supply of village land produces this phenonena.

The third concept is the product-product relationship whici
holds resource quantities constant and varies the quantities ot output
produced vy t.ds fixed bundle of resources. The rate at vhich one
product can be transtormed into another using the fixed resource Lundle
is called tue marginal rate of product substitution (21, p. 239), tne
marginal rate of transformation (4, pP. 27) or tue rate ol product
trausrormation (22, p. 68). The rate at which rice output could be
transtorrmed into corn output using a fixed level of land, laoor, and
carital would define a product-product situatior ir the case-study
villages. This concept will be used welow in analyzing how the fixed
biomuss, set by fixed villace resources, can be used to produce

power, meat or so0 e combination of the two.
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A liodel 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 ig a joint
product produced with food and fiber, the final products. Because
of tlhese complex, interacting relationships, several simplifying
assumptions must be made. However, tuese assumptions appear to be
consistent with actual conditions in the three case study villages.

First, the total resource base of a village sets a limit
or. the bovine biomass that can be supported in that village. At
thie present state of knowledge about bovine nutrition, the author is
hesitant to specify 1t precisely as TDN¥ therefore the limit will
be referred to more generally as "nutritional." Of the three
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 ral 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 dirferences in land quality, weather and drainage.

The one-to-one trade off petween crop residue production
and grazing resources is not valid when certain types of crops are
introduced or suistantial changes in biological and chemical inputs
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 zrazing and contributed very little
to biomass support in the form of crop residues. In these casec,
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 shifters
in biomass support levels.

Labor is not felt to be a resource limiting the total
si.ze of viomass 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 perform less efficiently
than smaller herds due to poor management and supervision. Capital
vwas 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 animals would exceed the mutritional limit, 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 MVP of cropland in the production of food and
fiber. Shifts in the demand curve for cropland are a function
of the prices of food and fiber final products. The snifl'ts
are not a function of technological change in the food-fiver
producing sector, tne effects of which are examined iu 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 brougnt
into vrop proauctior. The supply of grazing land (Graph II) is
a mirror image of cropland supply because grazing land is treated
as a recidual, i.e., the supply of the village land (5 village)
minus equdilibriwn levels of cropland use. Graph III assunes a
direct, linear relationship between levels of cropland use and
village fodder produced. This 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"
diagram, except the reader must keep in mind that the "factors" are
interi.ediate products which were in tum produced by thec basic
inputs of land, labor, and capital. This graph illustrates the
various combinations of tnese two intermediate products producing
a given level of another intermediate product, village herd biomass.
Tvio iters are of interest. PFirst, the relationship is primarily

biological or technical in nature. Economics enters in only when
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cropland demand shitrts. Second, regardless of the cropland-grazing
land mix, the level of biomass is fixed by village land supplies aud
the underlying productivities of (a) grazing land in supporting
animals, and (L) cropland in producing fodder supplies. “his fized
relationship is a co“isequence of the one-to-one trade of{ Letween
crop residue production and grazing resources assuued earlier.

TJlovine Production Possibilities

Following the determination of niomass levels, the rext
step is allocation of the animals between their various uses. Pro-
duction from the biomass consists of an intermediate product (draft
pover) and a final product (meat). The capital accumulation role
is dioregarded 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
ol Pigure 5.2,

Assumptions were as follows:

(1) One animal unit (AU) = 500 kilograme.

(2) Larger breeding herds had lower birth rates then
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 cvirth
rate was assumed for herds of ten percent breeding females and
birti: rate decreased one percent for each two percent increase in
breeding females percentage of total herd. Death rate was zero
percvent.

(3) Animals become productive for breeding or power at
four years of age; were culled at eleven years of age, and replaced
vith four year old replacement stock. Thus one-seventh of the

producing herd is replaced yearly to maintain a static level of



proauctive animals.

(4) Only males may be imported (purchased) from outside
the village; female replacements are produced within the village.
liale replacements are purchased at age tliree to train for work.

(5) Actual production is net of all purchased animals.

(6) Mo bulls for breeding are accounted for.

(7) A1l calves are hcld to age turee. Younger animals
were infrequently Lought or sold and only at a discount. At
ace three tlhey are retaired as replacenents or sold.

(8) Only cattle are unalyzed.

Anirals were classified into nine functional categoriec.,
These categrories ana their correrponding age groupings are presented
for reference in Pigure 5.4. The categories are as rollows:

(1) Castrated males are workstock whic: become productive
at are rour, work tarougi: age ten, and are sold pronptly at age

eleven. Ore animal is equal to one animal unit. lLach animal works

720 nour: per year. They are evaluated economically as a team. Powver

output is in terms of total hours worked by eacn animal, not by hours
per team. Ore-seventh o: tuese are replaced annually.

(2) l'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
litfespan ol seven years, she then produces 4.9 calves.

(3) Rerlaceme:t males (from herd) are turee to lfour year
old castrated males raised from birth from the village herd, and are

counted as .75 animal units. They are being traired for work but

contribute no power input. If no replacement males are purchased,

140
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Figure 65.4.
SYNTHETIC HERD CATEGORIES
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tze number of anitals in tinis category must equul power culls
veing 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 determininy net herd output, these a. imals are suu-
tracted {rom the cull power aninal 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 trainced for power. A
surplus of revlacerent males exists if draft power requirements are
low or a large breeding herd is present.

(6) Replacement females (£rom herd) are turee year old
fermales 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-—
istics as (6) and are in excess of vreeding herd replacement require-
ments.

(8) calves II are two to three year old male and female
calves whicii are generated from the breeding herd. they 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 bLreeding 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 Yyears were not

142
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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,

(1) "strict power herd" represents thie 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 arimals 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 ol 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) "static 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 sane
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 ard 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 nales are surplus and sold at three years of age.

To interiret the results of the synthesized analysis,
herd compozitions 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 alove.
Taovle 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 nerd, .87% ot the total numler of
animals are working and one-seventh of these are replaced yearly
(.125), wich are the replacement males (purchased). Adjusting for
biomass dirfere:ces gives a biomass breakdown of .903 and .097
for the two categories in Table 5.2.

Importing part of the replacement males and producing
the rest 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). lreeding
females produced .148 x .675 = .104 calves per year. IFemale calveo
were .104 x .5 = .052 and upon reaching replacement age, female
calves vere either used as breeding stock (.022) or were sold as

surplus (.029),



Table 5.1. Composition of Syntheti: Zards LY Animal Numbers.

Category
by Animal
Function

Castrated Males
for Draft

Breeding Females

Replacement liales
(£rom herd)

Replacement Males
( purchased)

Surplus Replace-
ment Males

Replacement Fe-

males (from
herd)

Surplus Replace-
ment Females

Calves II
Calves 1

Total

Age

4-10

4-10

Uriss

.00

1.0C

o7

Strict
Power
Herd

-875

0

.125

1.000

Synthetic Herd 3ituations

Import
Praction
of Power

Herd

<515
-154

0052

.022

.022

029
103
<105

1.000

Static Static 3tatic
Power Power & Breeding
Herd Breeding Herd
Herd
436 «259 0
190 «259 «368
.062 .037 0
0 0 0
o 043 «106
.027 037 .053
.035 043 .053
125 «161 «210
125 «161 «210
1.000 1.000 1.000

GH



Table 5.2. Composition of .Jjynthetic Herds vy JSiomass.

Syntuetic Herd Situations

Category
by Animal Age Animal Strict Iuport Static otatic Static
Function Units Power Fraction Power Power & treeding
Herd o Power Herd Breeding Herd
Herd Herd
Castrated Lales
for Drafi 4-10 1.00 .903 613 «536 <342 o]

Breeding Females 4-10 1.00 0 .184 254 «342 «536
Replacement liales

(from Herd) 3 <75 0 .046 .057 .036 0
Replacement llales

( purchased) 3 .75 .097 .020 o] 0 0
Surplus Replace-

ment Males 3 <75 0 0 0 043 .115
Replacement Fe-

males (from

herd) 3 .75 0 .020 .025 .036 .058
Surplus Replace-

ment Females 3 .75 0 .026 .033 .043 .058
Calves IT 2 .50 o .060 <017 -106 .154
Calves 1 1 «25 0 .031 .038 .052 077
Total —-— — 1.000 1.000 1.000 1.000 1.000

ot
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In toe last three herd situations, the breeding component
increased at the expense of povwer component. More surplus animals are
thus forthcoming from the increased breeding component as the fractions
indicate.

Productior. from the herds is presented as a fraction of
total Liomass (Tuble 5.3.) and then converted to actual quantities in
Table 5.4. by assuming a herd biomass of 100 animal units. The fractions
in Taitle 5.3. were multiplied by 100 to obtain animals produced ard tier
multiplied by the kilograms appropriate to their animal units. The
number of animals 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 plotvted i Figure 5.5. Connecting these points outlines the
product-product relationslip discussed previously. The slope of the
curve can be interpreted as the marginal rate or suuvstitution of the
intermediate product (power) for the final product (meat).

The line  divides tne quadranl o1 the rraph into two
vectors. loints to the right of the line represent herds in which
the proportion of power animals is so higii that an inadequate number
of females are present to produce all the male replacement animals
needed. Points to the left of the line represent herds in whichi the
proportion of breeding animals is hign 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 lKeat Production of Synthetic Herds.

Synthetic Herd 3ituations

Category Animal
by Animal Age Units Strict Inport Static Static Static
Function (meat) Power Fraction Power Power & Breeding
(% ) Herd of Power Herd Breeding Herd
erms Hexrd Herd

Cull Castrated

Hales 1 1.00 .032 .068 077 .048 0]
Surplus Replace~

ment Males 3 1.00 0 0 0 043 .115
Cull Breeding

Fenales 11 1.00 o .026 .033 .049 077
Surplus Replace-

ment Females 3 1 .00 0 0026 0032 0043 .058
Total — - .032 120 <142 183 «250

gHt



Table 5.4. Net Production of Power ara ileat from a 100 Animal Unit Synthetic Herd

Category Synthetic Herd Situations
by Animal .
. . Static .
Punction Animal unit Strict Impt?rt Static Power & atatj..c
Age os Power Fraction Power 3reedin Breeding
Units “ Herd of Power Herd o rdg Herd
Product Herd

Animal Power

@ 720 hours

per Animal/ 4-10 1.00 Hours 63,000 37,080 31,392 18,648 o]

Year
Cull Castrated

Males 1 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 leat

Output —— — kgs. 1.600 6,000 7,200 9,800 13,700

64T
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Figure 5.5.

OUTPUT LEVELS OF
100 ANIMAL UNIT SYNTHETIC HERD

14,000 =

12,000 «
Static

Breeding
Herd

10,000
Static Power
and

< Breeding Herd
= 8,000+
[=3%
=]
o o
3
£ 60004 Import Fraction
of Breeding Stock
4,000 «
100 Animal Unit
. Biomass Curve Strict
] Power
2,000 Zero Death Rate Herd

10 Per Cent Death Rate

v T T T L J Ll T

 § | |
30,000 40,000 50,000 60,000
Hours of Power Output

) | L]
0 10,000 20,000



151

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 assumed 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 tae 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 avallable 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
dratt 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 tue 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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animals and the net effect is a reduction in the total animal
units the villuge can support. Ysing the results ol a Prilippine
study (26), the 720 hours worked per year assumed for synthetic
herd animals would increase gross energy requirements of draft
animals L) alout thirty pervent per year. This woula reduce neat
output at ligii dralt power levels becauce fewer animals could be
supported vy village feed resources.

A fourth factor not related to the teclinical factors
underlying the shape of the curve, is transaction costs involved
in converting from ore sy.tem to another. These cocts arise waen
animals are sold tor a salvage value less than the acquisition
price or less thar the marginal value product of an asset in its

primary function.

Tower Demand and lieat Demand

The produ.t - product diagram also represe. t product
comuinations produced by a given level of total costou since tne
same resource bundle was used in constructing the curve. Faced
vita this cost , the rational producer will attenpt to maximize
revenues (returns in tiis case) for tuese products. liultiplying
guar.tities times prices at each prod.ct level produces a series of
iso - revenue lines moving outward frorm the origin as the resource
bundle is increased, 'he highest revenue obtainavle for a given
resource bundle is the point oi tangency between the product -

product and iso - revenue curves and is represented by points
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e, f, gy 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 shift 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 £ occurs. The factor - factor diagram (diagram
III, Pigure 5.6.) illustrates the effect on animal power use of de-~

creasing prices of tractor plowing services;l/ The movement from a

1/ 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 tractcr plowing introduces a scale effect, tihe curve
would sniflt outward and increase power demand on a per farm basis
over that at point b. However, per unit of area use ol draft
animals would be less. This was the case in Nong Jek Lee where
larger farm sizes and some dounle cropping has created a strong

per farm demand for draft animals altnough 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 Iliomass 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 viomass 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 produced must also increase proporitionately. The
planting of sugar cane on sorghum land would not increase available
feed supplies vut 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 ve

used ar a pasture source during the period of second cropping. The
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role ol i ~roved crop nroduction technolosy i< to uwrcak L.ae one -
to - one feed supply relationslip bLetween cropland and pacture land
so total reed supplies in tue village are increased. Tue effect
would be to shift the product - product curve of diagran II, Figure
5.6. outward and, assuming tie new crop technologies iicreased
aninal power denai:d, shirlt tae product mix in favor of a aigher pro-
portion oi draft animals.

In actual practice, increases in crop production intensity
in other countries has veen accompanied by major structural saifts
ir vovine rrouuction. The increased resource productivities nake
crop rrou c¢tion more proiitavle than bovine production at existirg
levelc of vovine production teclmnology and investmnents in resourcer
flow into c¢rop production. Increased cropping intensity s olten
led to increased mechanization waichi contrivutes furtner to this trend.
Thus a major weakness of this model is the lack of a well defined
relation:id s vetween changec in crop production tecrnolog; and viomass

support levels,

Forage Production Tecimolory

Improved forage technology will be confined to improving
the oroductivity ol existing pastures and to programs of reseeding
idle croplund to forage crops between harvesting end planting periods.
Therec is no effect on level of tne intermediate product, fodder pro-
duction. The shift is in nutrition produced per unit of pasture. If
the viomass is supported only by fodder production, no change in

biomass i. forthcoming. As more and more grazing land is suwstituted
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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
systenm:

(a) increase in birth rate or’growth rate, or decrease

in deatis rate;

(b) increase in maximum animal size at maturity;

(c) discase control and prevention which can be

analyzad 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 arimal 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. ram VI, Figure 5.7« but the level of bLiomass remains
constant; alternatively, the original output levels of curve ab

can be produced by a sraller, more productive bovine herd.
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CIWPTER VI

I’AJOR RESTRAINTS

O!" OUTFUT EXPANSION

Introduction

e discuszion of prollems surrounding, Lovire productio:
ir Chapter I indicated that bovi.e production has Leen unable to
~atch tie peneral growth of the economy. This indicates that coustraints
have arisen: as the agricultural sector of the Thai ecoromy has been
suvjected to tue forces of modernization. A brief discussion of tie
trauitional versus modernizing crop-livestock production system points
o1t ~ome proilem areas where constraints to increased bovine produc-

tio» have arisen.

“‘rauitional Vers.s | odern ‘ystems

an ageregate foou production-consumption model for povines
would hiave population prowth causing an increase in rice cropping area,
whiclh 41 turn would increase draft animal requiremenis and thus result
ir a larcer total wvovine population. The larger wvovine population
would result 1t a larper numver of cull animals (neat supply) wider
would affect per-capita consumption levels of weei., In tnis simplified,
traditionul systen, population growthi gives impetus to tue system. The
hiistorical nattern in pre-World Yar II Thailand was as follows:

1. Population growth was increasing without major rural

to wban migsration.
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2. The increasing population settled new areas, expanding
rice area roughly in proportion to population (24, p. 310).

3. Under traditional technology, draft animal requiremer:ts
increased in proportion to rice areas cultivated as did tne animal
populations required to produce the draft animales.

4. The increasing bLovine populations produced cull animals
and thus meat supplies roughly in proportion to population growth. Fer
cavita consumption levels would be static. l.ost animals were consumed
in rural areas where the vast majority of the ponulation lived. Pricing
and marketing were ot well-developed.

Post-torld War II developments huve seen sunstantial shiftes
in demand conditions a d production relationships which have disrupted
tue traditionel population expansion - meat supply model outlined above.
First, population growtii has accelerated and a rural to urban migration
has begun. To maintlain constant per capita consumption levels of
cattle and buffalo meat, meat supplies both in total and per producer,
must expand at an increasing rate. Iiecond, the expansion of rice
area has slowed and 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 expansicn appears
to have dampened the growth rates of bovine populations. Conuequently,
cull animal production and meat supplies have not exparded sufficiently
to mai ‘tain per ca,;ita consumption levels of cattle and vuffalo meat

on a nationvide vasis.



i cnapter proceeds by looking at vovire problems and
nroductior at two levelz. At the macro level, production and price
relatiorsiiys are examined along witn legislation, export and prono-
tio. moliciesns. Al tne micro level, the resultic oL this study are
a; lied in un attempt to provide insighits and answers to the major
que..tione nved at the higter levels of plunsrirg, rescurc:, and

polic - irlementation.

Trends at the Macro Level

Prowuctio:. a.cn I'ricer

‘.e ro;t obvious gquestion is, ir tie favce ot slow in-
creaces i+ uvatile and vuffalo numters and a stasnaut technology
coupled viith a rapldl; increasin,- population and risir; per capita
incomes, wuy havein't retail beet prices shot upwards. Over the ten
year period, 135( to 166, cattle numters increased an average o
¢34 opercent per year wmile violesale Dangkok meat jrices iiwcreased
1.34 perce t ver vear (deflating prices would lower the raute of
price increase moderatelr). The corresponding figures for wulfalo
vere a 1.4 vercent per year increase in nunuver- ard a 1.61 percent
rer vear in wuolesale wmeat prices. Assuming an income eiasticity of
demard ol one, derand i:crecased ty an average o1 11.0° -creert per
year over this same period. 3Several explanations arc ponnible.

Pirct, the increasen in bovine production could have been
fro.cly vnderestinated suco that the supply curve hau neen shddbing
al a more rapid rate tna. indicated vy olficial statistics. The
estirmates piven above were provided by the Departiient of Livestock

leveloprent, l'inistry or Agriculture. In fact, the figures may over-
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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 1763 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 agricultural
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 tobe 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 seerns to be the rapid development of
commmercial hog and poultry enterprises near the major consumption
centers. /‘hile the majority of the pig and poultry production is
still ol the village "backyard" type of operation (28), commercial
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 constant prices
over the past fifteen years. Over the 1955 to 1966 period, hog
numuvers increased 2.58 percent annually and prices by 1.46 percent
anmually. The corresponding average percentage increases for
chicken were 1.87 percent for quantity while undetluted price stayed
the same, In addition to the increases in numblers, annual extrac-
tios rate: [rom ti:e national swine herd and poultry flock probably
increased cimificartly thougn the unreliavle slaughter aata do
not pendt extraction percentages. The introduction and cross-
vreeding or exotic swine and poultry uvreeding stock was rapid during
tais period. In addition, hog and poultry vaccinations became cormon
and improved feed formulations were introduced. The sutstitution of
voultry and pork (and pousivly fish) for beef appears to be a major
factor holding dovm Leel shortages aid price increases. If consumers
regard veel as an inferior good vius a vis poultry or pork, the sub-
stitution of these for beet would be further accentuated over this

period of rapld income growtii.

Legislation, Promotion, and Export Policies

Historically, the govermment has sought to maintain animal



nuwers by tae regulation of slaughtering practices. “he Yropa-
gation and Conservation of Livestock and Heast ol Burden Act was
nassed in 1.4y to reauce slaughtering of draft animals in order
that adequate power sources would be availavle for crop production
purposes (%4, p. 11). Under this act, all cattle and buffalo
suipped for slaughter must meet one or more or the following
requirements:

ieirgs 8 to 10 yeurs old or over.

If remale, lLeing over 15 years old.

leing lame or crippled.

bei:ig over 5 years old and sterile.

Having poor specimen of offspring.

Having inlierited 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. Ior example, in Chieng Mai, a major consumption
center in Northern Thailand, no bhuffalo had been sent to the munici-
pal slaughteriouse during 1970 although the previous year's estimate

showed 178,929 buffalo in the province (3).
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liore recent trends in legislation have formulated policies

to promote large~scale commercial production to meet local demands

for high quality meat a..d develop export markets. Ir. 1970, the Board

of Investment, Ministry of National Development, announced that cattle

farming, slaughtering and meat freezing were to be promoted industries.
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Project couditions included a minimum capital of five million baht,
excluding land and working capital, cattle to be slaughtered must

be fed at tae investor's own farm for at least three months, and
operator. may only store their own meat in tueir deep freeze storape
Lacilities,

The first promotional certificate wagu Franted to Chokchai
Raven Conpary in January, 1971 with a 62 million baht investment.
Later, in 1971, the Department of Livestock Development began to
require exporters to develop tueir own farms.

These trends indicate the tying of both slaugntering and
exports to lurge-scale specialized productior, The legislation was
loruulated to bypass several constraints, First, the major Leef-
importing cowntries, particularly Japan, do not nem:iit imports from
hoof-and-moutun-disease-infected countries. Uy tying exports to
disease free commercial producers, the government hopes to get around
this oustacle. Jecondly, a general rise in cattle nnd vuffalo prices
ic undesirunle for consuners and for the Kingdom's stock of draft
animalz., If a major export program developed and commercial production
vas rnot kept sejarate from the village production, domestic prices
would rise towards world prices. Brisbane saleyard prices had been
averasing .25 to »27 per hwdredweight over the study period while
Bangkok saleyard orices were in the $9 to £10 ranpe for cattle a.a
7 b »7.50 ramwye Lor buffalo.-]/ If Thai exporters could get world

prices, therc would be a enormous incentive for exporters to buy

v It suould be noted that e quality and dressing rercentages
would be much lover for tue “hai animals at village level conditions.
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village culls and export their meat. Given the provleuws ol export
control vhich have plagued Thailand (43, 45), the required segregation
of markets would be dit'ticult to achieve.

Adoption or MNew lecunology: Bovine Production Versus Youltry and oy

Productiorn

Bxamination of price aud production relationships for
bovines in an earlier section of this chapter indicated sustained
increases in poultry and pork production and development, and in
certain circumstances, of factory-type production systems employing
improved technology. Through a combination of circumstances, a
parallel trend may be developing in cattle production. ‘Turee
questions arise. First, why was improved hog and poultryv technology
adopled prior to its use in bovine production: .econdl,, why did it
leau to lfactory-type systems, albeit still on a limited scalev Third,
will tue adoption of improved bovine technologies necessarily follow
a similar pattern;g/

The first phenomena is widely observed in tropical countries
and is partially related to productive efficiency and the environmental
modilications necessary to achieve high production levels. Early
successful transfers of genotypes to Thailand occurred when exotic
breeds were able to increase aninal productivity witiout substantial

modifications of the environment being necessary. Duroc and Yorkshire

N
</ Discussion oi tnese three questions is based lheavily on conversationc
and correspondences with Dr. James E. Joimston, Animal cientist, The

Rockereller Founda‘ion, “angkok.



hoge are we exw ple., Lralmin cattle have also veew readily acceptbed
v Mal vormers but large increases in animal growt and size have
not .eer acnieved witiout some improvements ir environmental condi-
tio-s. Ir t.dis recpect, disease control may ve crucial. Duckman
a'd | azeficld (1'5) aistinguish between two main classes ol livestock
wit.. re~ et to tuis transferability.

e o o Intue . st class, which includes pigs and

poultry, teiipc.ate gerotypes can he transierred to

most tropical enviroumente with vomplete zuccesc,

I tue second class (uattle, sheep, gonts) tuis is

rot usually possitle until tie envirommert na- ween

moailicd, at least Ly the control of diseane:r (p.45).

l.ore recently ja ta Gertrudis cattle have been irtroduced

it nave rot proven Jeasible to produce under villure coundltious an they

require a mucu improved envirommeunt which village farmers are as yet
unavle to nrovide for tlieir cattle.

Another factor influencing adoption is the traditional
function oi tue animal. Generally, pigs aid poultry nave been kept
primarily for production of meat and eggs and the introduction of more
productive genotypes increased proauctivity of tuese ty.e. although
some improvements in animal environme:t were usually required. Cattle
are traditionally kept for tue draft purpose a.d only secondarily for
use as meat. 'fhe Lrahmin is sujerior in both recspects and hac beer
adopted whereas tue janta Gert-udis, ar ever tetter meat producer, has
not .een accepted vecause the Irahnin is a superior draft animal.

A tiird factor is vastly different replacerient costs and
availaoilities. Tor tne cost of an imported cow the farer could

purc:ase several thousand clicks or forty exotic weaner gilts. The
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investment costs of establishing an improved enterprise are much
greater wnile 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
by a ractory-type proauction situation in the Thai setting. An
operational definition would be a producer having one or more pure-
vred woarn and five or more brood sows while a factory-~i,.c poultry
syste would have a wiriium of 100 to 200 birds in a co [ired, con-
trolled diatior . The tern fe ctory-type, when applied to Thail
lar-e séale cattle producers, does not imply i:tersive operatio..s
of t-.e co-rired feeding t;pe but instead more extensive t oe of
improved srazing overations under generally tetter ervirounental
conditions tnan are found in the villages. They are factory-type
only in that large quantities of meat are produced, slaughtered,
and processed in an integrated operation.

The second question is partially explained vy the apove

169

discussion. The smali investment per animal required by pig and poultry

operatio. s allowr eusier and more rapid expansion towards larger
systems. Returns to tue initial investment begin earlier allowing
re-investaent to legcin sooner. ‘fhe factory-type system in egg pro-
duction tended to ve imported as an e.tire technology package
(animals, building designs, rcages, feed formulas, vaccines, and
management practices) and very little local technology was required.
"his was true to a lesser axtent for Lroiler and pig production and
adovtion has proceeded more slowly. In the case of cattle, major
gaps in tectmolory still exist -~ particularly in the areas of pasture

production, mana,-ement, wnd animal health - belore factory-type

syotens car be widely adopted. In summar,, t..e major diiference
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hetweer hog-noultry factory-type operations and a factory-typre

cattle operation as proposed by the Board of Investment guidelines

is tne rnucn greater amounts of land and capital required in the
latter. Thus a trend toward a factory-type syster in the hog-poultry
sector urd tie bovive sector has vastly differert meaniuss regarding
entry co: uitions into the industry and interpretatior of a trend in
the one industry has little significance for evaluutlin;: nonscivle
production orgeuizations in the other.

The third question is the most difficult lo answeer until
practical and locally adapted nutritional and animal Lealti sources
are readily available. Illowever, the nature of bovine nroduction
gystems cause them to Le more capital inteusive than hog-poultry
overations. The tying of exports to promotion privileges accentuates
thi.. tendency. The only way to avoid large-scale operations having
an advantage over village farmers in access to new tecimology would
ve irtensive research on improving productivity ol preieui formnms of
crop livestock systems simultaneously and the provision of adequute
cayital and knowledpge to use the improved production tecimology at
the village level, Presently, mo.st countries which have efficient
beel industriec comuine a low cost system of producing feeder calves
witih an intensive Tinisning operation based on pastvre (Australia)
or grain (USA - Burope). PFeeder calf production rmay be through use
ot lov cost grazing areas for cow herd maintenaiice or the use of
dair, wvull calves. These technologies are not suited to Thailand

t the present time.



Insichts at the Micro Level

Tecirology

An additional implicit assumption benind current invest-
ment privileges is tnai commercial bovine producers (presently only
catile are being proauced comnercially) will ve auvle to emulate the
succescindl adoption of improved technology carried out Ly commercicl
noultrr a d hoy mroducers. The requirement ol large capital invect-
ment (in addition to land) plus the provision of slaughterin; and
freeziny facilities will require levels of tec.nology anu na.ggement
far neyond tiose tound in the villages. Whetner costs will be suwd'-
ficiently reuuced to coupete witih traditional village production
syste 15 renains to .e seen., If the traditional and large scale are
kept separate and a suustantial export market develops, costs in
large <cale operations need not approacn village levels to still slow
protits.

'he ofricial approach appears to asswne improved bovine
prodvction tecrmology is available (at least for cattle). At this
point, three questio~s seem relevant. First, is improved technology
really available to Thai rovine producers” Second, il it is availadle,
for which specicr is it availauvle, has it wveen adopted, and if not, why
not’ Tiird, what new technologies or modifications of existing tech-
nologies are needed at the village leveltY The sources of improved
productivity outlined in Chapter I included genetic improvements,
nutritioral improvements, animal health improvements and better housing
and management.

Geretic Improvements.-- Improved breeding stock was

available in certain ereas of the Kingdom, particularly regions of the

Hortheast near the Department of Livestock Development Stations. These

171


http:fiuie-.tl

172

were Frawrin crossvreeds and adoption seemed uniform where breeding
stock wae availauvle. Under good nutritional and nanareriert condi-
tions, maximun a.imal size increased dramatically:z/ ‘'he large-scale
promoted rarms were using Brahmin and Charolais purebred and cross-
vred arimals in tueir lLreeding programs. The problems at tie village
level of vnoor nutrition, pest control, and management were making it
impoasible to aclhieve the productive potentials of tie crossbred
cattle. The price diflereitial reflected speculative or status
factors ratuer than differences in animal size or vigor in virtually
every instance.

breed improvement of Luffalo is possiuvle by selective
breeding, Wit.dn the villages, but'falo sizes we ¢ more unifor!: than
catile reflecting more uniform Lreeding and managemert practices.
Given the difficulties of detecting female ouffalo ii. heat and mating
difficulties, the provision ot specialized buffalo vreeding stock iu
the village: was not feasiile. Duffalo breeding was totally haphazard
whereas Fraimin sires for cattle were availauvle at stud Lor a fee in
Vo: Jom Toon and almost every village visited in tie Northeast. Thus,
for cattle, vreeding tecunology is available in come areus and is expanding
to otuer paris ol the Kingdom. It appears profitable a..d a market has
arisen which reflects tiis. Further inprovements will ve from the
introduction and crossbreeding of better adaptedy more productive
exotic varieties and provision of the necesvsary enviroamental modifi-

cations. The genetic improvemei.t potential of buffalo appears limited

at prese:

3 A pair of matched Bralmin crossbred steers were tape measured
ir the Nortneast and their estirated weights were over 1600 pounds eacli.
The largest native animal measured was 1100 pounds,



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 form of rice bran, corn and sorghum. Lla~ufactured sunplements
for unops are availauwle locally. Concentrates and supplements are
clearly unprolitable at present bovine price levels. Although

sore forare varieties are avai-eble for free at severul Department
ot Livestock Developmert 3tations, use has been negligiile. The
reasons are two. Tlie necessary forage management tec.niques are not
availacle nor is tue caypital necessary for feucing. OJecond, 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 besl carrying capacity found in the case
study villages, two rai of land could support one arimal unit with
gome fodder also provided. With a village price of 3.5 baht per
kilograrm, fross value produced per rai would ve 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. N-tritional improverients would
nave even less et'fect on buflalo as the buffalo digestive system can
readily utilize rice straw and other cheap, low-quality forages very
efficiently (27). OSuccessful nutritional improvements will require
a comibination of (a) Letter adapted forage varieties than are
presently availavle, (b) improved management techniques including
the aoility to fit a lorage system into presert patterns of crop

production, (¢) improved breeding to utilize the potential of the
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forages, (d) improved sources of intermediate tern credit for
fencing a'.d land clearing costs, and (e) higler villure level
vovine prices.

Animal Health Improvements. -- Animal healt:. technology

is penerully wavailacvle at tue village level. Jerums and vaccine:
are availavle from tue Provinciel Veterinury Ofricers out the
knowledge ot when or how to administer thien i: lacidiayr. "'he normul
patter:: is one viuit per year b tiie veterinury officer. Only a

ge cral outiLreak of a fatal disease brings additionul visits. Uunder
exinting levels of nutrition, improvements in ani:ial ncalth would
most likely have a minimal etfect. ‘Thailand's bovines are well
adoyted to local disease conditions, whicu arc p.rtly dictated Ly
clinutic conditiors. Water vuftalo nave developed some resistance

to ticlis, foot ana moutir disease, rinderpest, anthrax, anu haemorr-
haric septicamia (altuougu tne latter still causes most wuitalo desths:
[ro diseuse) (47, fe 264). A limited ability to dissi,ate heat is
corpengated for .y wallowiar during the hottest part o tue day. "hai
cutlle arc swaller and maintain slower growth rates tua. cattle i
temperate zones, thus reducing feed requirenments a:d maintaining

their healtu. They have strong, long legs for walking long distances
to feced and water sources. They attract fewer ticks than temperate
breeds. ‘Their "comfort zone" is 50° P. to 80° F. as contrasted with
300 F. to 60o F. for temperate types. The temperature at wirich their
thermoregulative mechanisms begin to fail is 95° contrasted to 80° for

temperate types (47, p. 9-10). In body temperature trials, Zebu
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animals have always had the highest heat tolerance coefficient

(48, p. 319) &

Housing and lManagement Improvements. -~--Present struc-

tures provide adequate protection from weather, thieves, and pre-
dators for small nerds. Intensive feeding of larger herds would
require sutstantial changes in traditional structures. Structures
appear to ve the least crucial constraint at t:ds stare of village
livestock developme:it.

la:agemeut oy small scale cattle and buffalo herds is
adequate in most respects. Jeasonal supplies of nutrition are
aajusted tor to avoid serious losses during s:.ort forage perious.
Breeding is not managed, except when stud bulls are present tut
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 Jom Boon cattle breeders to significantly improve
birth rates, animal sizes, genersl animal health, and to provide
adequate nutirition over the mixed breeding-draft systems of the other

two villages hnighlights this problem. In a number of otner villages

L7 lleat tolerant animals have slow growth rates and late
maturity, conditions which are necessary to avoid being placed under
undue stress by harsh enviromments. The heat tolerance coefficient
has an inverse relationship to productivity. Thus, overall environ-
mental improve:ients allow more productive arimals to bLe introduced even
thourh tley are less heat tulerant (correspondence wilu Dr. James B.
Johnston).
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overall efficiency of large breeding herds of cattle appeared to be
lower than for omaller herds of breeding-draft-type animals. The
ability to provide adequate nutrition for the larger herds was a
major prouvlen. Increased live birth rates also seem difficult to
achieve with present levels of management as do improved health
measures such as dips, oilers, or worming procedures.

In summary, the genetic, animal health, housing and managemert
constraints become serious only after improved nutrition becomes available.
With imrroved nutrition, exotic crossbreeds will grow faster and attain
larger maximum sizes (10). With juproved nutrition, feed utilization
becomes crucial so animal health muft be improved, particularly reduc-
tion of internal parasite loads. Jimilarly, improved management anu
housing woula uve necessary to take advantage of ldgher herd offtakes,
increased levels of market transactions and capital investments, a:d
better housing of larger herds.

llechani zation

l.ajor structural changes in village bovine herds would
occur if tractors rapidly replaced draft animal functions. Currently,
tractor use is concentrated in the initial plowing 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 tue case study village crop production analysis
tended to confirm cost savings in most cases from tractor plowing.
For paddy land plowing, animal costs were 26 baht per rai in liapkhae,

42 baht per rai in Non iom Boon, and 28 baht per rai in liong Jek Lee



ynile tractor plowing 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 tnis village), and 20 baht per rai in Nong dek
Lee. Upland animal plowing was cheaper in Non Som Boon (27 bant

vS. 37 baht for animal and tractor, respectively) but more expensive
in Nong Jek Lee (%4 baht by cattle vs. 20 baht by tractor). Given
declining tractor service charges per unit of arca cited by Chan-
cellor (11), the cost advantages should continue to increase:L/

Despite the cost advantages, draft use continued to wve
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 ui.: of animals
remains high since farm size has expanded.

Another major factor has been an easing of peak period
human and draft povier demands plus the timeliness of operations
vhich has pemitted increased cropping intensity to take place.
Chancellor (11) summed up his findings on Thailand as

Almost every fammer hiring tractor service combined

the time saved and other resources to produce

additional income., Although the enterprises were

quite varied, 65 percent in Thailand---cliose enter-

prises based on agricultural intensification of the

type which would not displace labor from rural to

urban areas (p.2.).

Further necuanization effects include under-utilization

v Cost advantages ol tractors tend to be exaggerated
however. Village animal rental rales seemed higher than actual
supply prices because farmer who rented animals always would have
preferred to own them. Due to some misfortune, however they had
lost their draft animals,
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of draft unimals and a possible sihift in relative rates of crop
versus livestock returns. Under-utilization would occur since tle
difference between draft arnimal acquisition price and salvage value
was ubstantial. Thus the animal would continue to ve used as long
as the marginal value product exceeded tne salvage vulue of tie
aninal (25). Tiis pheronena helps explain wiy no dramatic decrease
in drat animal numbers has occured as mecha. izatioa prosressed.

During the study year, two factors mude certain crops u
goou inverct ent relative to livestock. The crops using zero or
moderate anounts ol dralt power inputs, sucl. as sugar cate, kenafy
corn aua rung veans, were highly profitable during tue <tudy year.
Rice, tue hLeavieost user o1 draft power loct mouney i1 every case due
primarily to a precipitous drop in rice prices. If rice oudgets
vere evaluated using historical price levels or price levels wiich
would have historically prevailed in tne ausence of tne rice premium
(a form or cxport tax widch depvresses domestic price 1evelss), rice
enterprise: would nave been moderately prolitavle.

The vse o1 tractors nas undouvtedly fostered t.iis trend
as they permitted rapid increases in the highly prolfitable upland
crops wnich woula have been difficult to achieve u.ing traditional
dratt pover sources and implements. Thus, given ca.ital constraints
on enterprise expansion, investiient has been towards upland crop
production expansion rather than on bovine enterprise improvenent
and expansiori. This is certainly tue case in {fony Jek Lee where
idle pasture and rice straw is not utilized Ly expanding the villuge
herd. Uplamc prouuction is a better investment tuan an expanded

breeding herd. This would appear to be true also in lLia,lthae where
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the rYarmers getting a sugar cane quota have promptly sold t..eir
livestock and began cane cultivation. lieclanization nas not yet
entered Kon :om roon (witi: the exception of truck hauling) and all
crops require svubstantial draft anrimal inputs so tuis phenomena has
not yet occured.

Parmers'! Attitudes

The farmers' attitudes towards his boviiies seened to
correspond to the degree of modernization attained in tieir crop
proauction activities. Large cash crop famiers using tractors,
sprayers and corn shellers in Nong Jek Lee respouded as follows:

If tue price of cattle looks good this fall, I'll

sell them all and try and purchase cheaper a.imals

next spring for my fieldwork. I like to wuy and

sell livestock to see if a better deal is possible.

liore traditional Northeastern faimers in ilon Som Boon
tended to look on tueir animals not as pure commodities but as an
integral part of their system. Nakajud descrived the prevailing
attitude well (34).

Students of culture and rural sociology would find
thati cattle and water buffalo are not commodities
or ordinary poscessions, but are part of tie stream
of life for the rural people. Cattle and buffelo
are often given auspicious names, such as Ekum
(support) or Aikum (beneficial), either vecause
they feel such animals viould produce a large number
of olfspring, or it woul. help produce a pumper
crop in the manner of the Thai kings wao similarly
named 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 technnlogy, exotic breeding stock, is breaking down the
cultural attitudes towards cattle and buffalo.

01d cultural attitudes are being replaced by new status



symbols, however, The ownership of a matched pair of wiite, humped
bullocks for cart pulling has become a social synool where Brahmin
sires are common. Rufeurer found this prevuient i.. his case study
villaces (39).

In contrast to only a few years ago, wien . ralmin

cattle were not accepted by farmere (»7), a great

deal oyt pride is now attuched to ownersuip ol such

animals. Parmers ir Village I were not catisiied viti

their ox teams until they had ncquired a ratched pair
or humped and spirited animals. Bot. villares had an

apparent surplus of Braumin uires . . . (p. 145).

This status sympol might be interpreted in light of tie
traditional status role animals play in many African societies.
Detailed evononic investigations in Africa have shown the presence
of underl ing econowic factors sucn as capital accumulation, tue
leveling out or wear:al income patterns, and speculation purposes
(12,41). Alinough wealty accumulation througu animals is not wide-
spread in Thailand, the underlying motivations, particularly among
traditional f{armers, may be similar to those observed in Africa.

Undoubtedly, tue introduction and expansion of upland

crops has led to increased monetarization of tiie economy. Profita-

bility now becomes a relevant decision making variable Zor the farmrer

and tuere seens no clear cut reason why the 3ame criteria will not be

applied to livestock production as it is applied to crop production.
In fact, results of tie aralysis carried out in Chaptiers III and IV
indicateu .armerc' attitudes have not created a dual gtructure in

whiich mocernizing crop production exists side oy side with a tradi-

tional liventock production sectur. In facty; both crop and livestock
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production have responded to changes while meintaining, with some
minor exceptions, economically efficlent combinations ol resources
and products.

In summary, farmers'attitudes do not appear to be a major

restraint towards expanding their livestock production.
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CHAPTER VII

SUMIARY AMND COlCLUSIONS

Review of the Study

Cattle and water buffalo production have contributed
less than proportionately to an otherwise expanding agricul tural
economy in present-day Thailand. A number of reasons have been
oflered vut identification of key i.ter-relationsniss and variavle:
has veen lacking. This tliesis hypothesized that villuge bovine
production must be analyzed in terms of a food-producing-consuming
conplex of whicli bovines were one of the major componerts. Objec-
tives were formulated in terms of identifying several types ol crop-
livestock production systems, estimating present levels ol economic
performance and operative constraints, and, by using results of the
description and analysis of village bovine systems, sursgest levels
at which policy must Le formulated and specific compone.ts which
policy deciscions must deal vitii.

The village was chosen as the relevant unit ol enquiry.
The ntudy involved a one-year case study of three villuyes, eacn in
a distinctly dirrerent physiograpliic region or Thailand. The study
period was April, 1970 throuri Liarch, 1971. Datla were collected .
mea s of wveginidng and ending inventories, monthly visitc to sampled
famers ror crop prod.ction recording, and some further survey

worl: in surrounding villages.
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Data from the study were used to look at tliree aspects
os village vovineu:

(1) utilizatior and efficiency of Loviie use as crop
oroudction inputs; '

(2) Uvovise production procedures, the relatio. snip of
bovire production to crop production, and aspectsc oi Loviie produc-
tion efficiency; and

(3) construction of a model representing tne functioning

of the village bovine system.,

Swmary of the Resulits

i ovine.s were used for dratt power in ever; viliare. Use
arony; farmers varied considerably as did use ncliween <rop: in each
villaee and for tue same crop in different illages. Drait power
inruts ir. rice prodvction were 30.2 percent of total cosi in llapkhae,
20.2 percent in Nou Som Boon and only 12.3 percent in tong Jek Lee,
where tractor plowing of rice land was prevalent. On u-land crops,
draft power as a rercent of total costs was 10.9 percent for kenaf
and 19.4 percent for watermelon in Nor» Som Boon and 1.8 percent for
corn in Norr Jek Lee. The draft power input in mung oeans was less
thian 1 percent of total costs. There did not appear to be any clear
relationship between animal use as draft power and crop enterprise
profitability. Production functions were estimated by aggregating
inputy into several categories. Functions were estinated for indi-
vidual crops and on a whole farm basis by aggregating valuc 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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cave fair to poor results with a few exceptions. Very low rice yields
in i.apkhae nade analysis of draft power productivity ditiicult. Produc-
tivities were generally hign for IMon Jom koon uplard crops but ruch
lover {ox rice. The came pattern ajpeared in ifong Jek Lee.

Yhole tur . production function results were ;-enerally iorc
sati-Jw tory ir. ler- s or the size, nig:, and reliacility ol the
cqtirwebed nroduction coelticients. High values produceu per farm
an. ver w.ic ot arez 1 l.akiae tor sugar cane production necessitated
estitatio, ol a Junction v-ing data only from fars wuicn used drai't
a~imals. Large yield variawvilities reflecting droutii conditions again
cauwced ir-.. stacrdard error.. llon jom ’oon results were good as were
tnose Tor . on- Jek Lee with tue exception of labor productivity. An
efficienc, andlysis using a cost mirdrization franework was perforred.
Hemnlts i, uicated tuat resources not seriously counstrained suen as
labor and dras't power were being used close to their coct minimizing
coinations waile thone which were often seriously conutrained sucu

c cash e;peuditures aud capital investments were veing used in less
than opfinum rroportions. On ihe whole, draft power was being
allocated eirficiently in tue crop production enterprise.

Tr:e use of animals for draft power proviued tihe basis for
tire herd classification developed in Chawvter IV. Iilerds ..eing utilized
primarily as AWt pover had a male-female ratio of awout onec and a
liigh proportion of total herd bLiomass was concentrated in mature
rmales., The corverse situation occurred where the herd wus engaged in
producing ollcpring as the primary revenue generating function. These

herd characteristics were reilected in herd growtn and herd transactions
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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 present parturition pattern did not seem to be a
rajor restraint on increased bovine production.

The next step was an analysis of bovine production resources
and costc. Herding and forage gathering lavor requirements showed defi-
nite seasonal patterns corresponding to crop production patterns. Land
use as pasture and in providing fodder resourcec was analyzed in terms
ol carrying capacities whicu indicated large season to season fluctuations.
Carrying capacities Letween villages were similar and ir tac reigl:iioraood
ol ten rai per animal unit.

Costs were assigned to bovine proauction inputc and an internal
rate of return analysis was performed to test for significant mis-
allocations betlween animal types and herd uses. An analysis was per-
formed'using an average herd as the reference point ard using the
existing enterprises represented in each village. Returns for eaci
animal type-enterprise combination represented were found to be quite
close to other combinations within that village and between villages,
and, ir most instances, were close to prevailing institutional interest
rates.

Chapter V combined the fremework and results of Chapter III
and Chapter IV into an explanatory model representing interactions of
thie food-fiver 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
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competins murposes. he model illustrated some areas ol policy
decisions relevant to increusing Lhe size ol the nutior#l bovine

herd and i:creasing btne output rrom a given level of national herd.

Lie Village System

A Review oi the lLyoten

mie analyses of Chapters III and IV and the model of
Chapter V illustrate how closely the bovine production system of a
village is tied Lo tie crop production system ol the sane village.
Under a traditional system of very limited technological cuange, the
only impeths to the system is population growth leading to expansion
of village areas and livestock numbers rougily in nroportion to popu-
lation growtu. The introduction of new crops has led to sha_p increases
in production and exports but has not, with nincr exceptions, led to major
increases in productivity in eitier the crop or livestock sector. Be-
cause of the interrelationships involved, sustained increases in bovine
herd sizes and outputs can come from two sources: (1) changes in crop
production tecinology, and (2) changes in §ovine production tecimology.

Policy Conclusions fron tue System

Pue first conclusion from this study is tuat eflorts to in-
crease village lewel Lovine production must focus ou larming systems.
Approaches treatirg animals as an individual and distii.ct farm enter-
prise overlooks the following claracteristics revealed in this study:

1. Dovine returns take several forms and these returns

are dependent on variables in both the crop and livestock enterprises.
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2. Nutritional restraints must be analyzed in terms of
the land resourcés of the entire village, not of individual farmers.

3. Grezing improvemert programs, as distinct enterprisecz,
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 wﬂich would alter the
systen have not occured with the exception of widespread tractor use.
Tractor use has not increased the prodﬁctivities of crop production
resources but has decrcased 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 Thailend and indications are that their
impact will Le 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 tecinical assistance
or extension activities. Given this background of minimal teclinical
cha e in the food and fiber section, it is not surprising that vovine
prodvction tecinology is still at very low levels, altnough the rarmers

are uving their herds quite efficiently at the present level of

production possibilities.
\
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The following policy implications seen relevant to the
facta brought out by tlds thesis.

Pirst and foremest, research and otiter erforts to invoke
‘tepnmologicul cuange amongr village livestock producers must analyze
fariing systems. wnalysis of irdividual components and constrainta
may ve misleadine~ and wproductive.

jecord, the relevant decisiorn-making level must ve made
explicit. In some types of research, decisions ca: ve made only iy
the village as a wuole while the Larrer has control of certain nro-
duction decisionc. The making of certain production decisionsz by
the villare (all villagers do not castrate their anirals) may retard
the adoptio- ol inproved vovine tecimology b, ai incividual fammer
(controlled breeding vrogram).

Third, distinctions nust e made vetween policies to
increase t.e bLiomars (uy iiaproved na tures) ard t:o0se desimed to
ircrease t.e ort'take Lrom a given biomass (increased nirth rate).
wometimes tue two policies are related, Lut not in every case, The
two means of increasing rieat supplies may have ruch difverent couts
and capltal requirer.lel"lta. Furthermore, tiie decicion-making unit
ma; oe di..erent vetween the policies.

dourtn, well-designed researcn on crop production syste:is
and tecrmologies nust consiaer their impact or. the villare bovine herds.
llational grain and tiwer policies may well run into conflicts witi
meut production ar.d export goals. The use of shiort straw rice varieties
with high silica content of the fiber could lead to serious feeding
problens vor t.e villagers' cattle and buffalo as could the green

mamuring 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 o. feed supplies by permanent pastures. The planting of quick -
growviny lorages after harvest or planting of lallow upland areas be-
tween plantings are examples.,

sixtn, more work is needed on tnre impact of mecnanization on
arirul use, profitability of draft animals, and the effcet on asinal
numeer= and herd coripositions where tractor usc nns been widespread,

Seventa, the study neglected tue demand side of both
markets, dralt and meat and the rates of growtu in tuese demazrd functions

have obvious policy implications in terms of tiie model developed.

Looking Ahead

Future of Cattle

A combination of economic development and tecnnological
considerations indicate that cattle numuvers should reverse the historical
trend a.d bermin to increase faster than the water buffalo population.
As the economic develojment of Thai agriculture progresses, water
vuffalo drart requirements will lessen and famers will switch to
cattle for a variety or reasons. First, more breeding females can
be supported on a given resource base with cattle than with buffalo
because of the size differences. Second, breeding performances of
cattle can Le increased more rapidly than vith buffalo because of
difficulties in bLuffalo mating cuaracteristics. Third, cattle meat
brings a higuer price in the market and the differenti.l will widen
with increasing income levels. Finally, modern production technologies

whic: are available have been develoned primarily for cuttle prgduction.
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Puture of .ater Buffalo

AS tue previous paragra:h indicated, orly sorie unusual
market developments plus a concentrated research effort would serve
to maintain water Luffalo numbers under a rapid growtn and develop-
rment of Thai agriculture, The domestic market is 1i ited and pre-
fererces ror cattle beef over bulfalo meat as incomes increase will
dampen demand increases. The export market is limited to neighuoring
countries mlus Hong Kong and again appears limited.

Ranid increases in water buffalo productivit;” appear
1imited due to breeding probleme and the lack of exotic treeding
stock to increasec their genetic potential. Ayater bufialo growth
response to improved nutrition, animal health, or management is
unknovm,

A difrlerent situation would occur under a stagnating
agriculture, lowever. Iater buffalo are very efficie:t anirals under
present village levels of draft usage and water widfalo production.
Without significant cuange in the rural sector, tne water buffalo
will be very difficult to dislodge as the farmers' most valuable
asset.,

Past Trends a.'d Puture Goals

Table 1.1. of Cnapter I indicated water bullfulo numbers
were increasing faster tian catile numvers through 1966. This would
indicate mujor snifts in village holdings between the two types has
not yet occured in response to the factors just discussed.

Recognition of Thailand's agricul tural potential and

concentrated efforts towards increased crop production turough the



utilization of increased inputs combined with new teclmnology can be
expected to yield results wnich would change tuis situation.

Increasing vse of irrigation and water control and tue
introduction and dissemination of improved crop varieties will lead
to irncreasingly cormercialized crop operations. Increased levels of
livestock productivity will be necessary to maintain t.ueir competitive
position vic a vis crop production. Given the linited scope for
tecimolorical improvenments for water buffalo, emphasis ror longer
run rrograns . t concentrate on cattle. However, saort run progrars
rust pay greater attention to wvater buffalo whicn are still the major
boviie species represented nationally.

Crisis or Transition

The livestock situation in Thailand at the present time is
often spoken of in terms of impending crises. Anticipateu shortages
of beef have not occured nor have prices risen out of proportion. The
reasons were examined in Chapter VI. This should not be consirued
to mean that this sector of the agricultural economy is not a problem
or that significant Lenefits to the country ai.d to producers are not
being realized, Rather, it means that crisis measures nced not bte
imposed and rlanning, 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 currently operating on village producers
in selected case study villages in Thailand. The results should be
integrated into more comprehensive studies of village tarming systems
ana tue impact of tecmnological ciiange on tiuese systems in bLoth 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
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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 3.7 2.36
Area New Cane —-- - - - --- - -
Area 01d Cane Rai - - ——- -—— - -——-
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 1l.4)
Land Rent Baht 1031.41 469.59  406.25 81.25 187.50 41.89
Land Rent per Ral Baht 47.64 21.69 62.50 12.50 50.00 11.17




Table 1. (Cont.) Means and Standard Deviations, Mapkhae.
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: . Sugar cane Potato, Taro, Eggplant
Variable Units Mean s.d. Mean s.d.
Area Planted Rai 13.30 7.23 5.17 3.43
Area New Cane Rai 8.10 7.88 ——— ——-
Area 0Old Cane Rai 5.20 6.20 ——- ——
Total Yield Kg. 109.27 = g5 18 1623.83  1221.20

(tons)
Yield per Rai Kg. 8.22 4.08 314.33  140.50
(tons)
Total Value Prod. Baht 14,960.99 11,065.89 669.30  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 Chgc 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




APPENDIX A (cont.)

Table 2. Means and Standard Deviations, Non Som Boon.

. . Rice Kenaf Watermelon
Variable Units Mean s.d. Mean s.d. Mean s.d.
Area Planted Rai 12.88 6.57 12.92 7.52 6.20 5.79

s Rice, Kenaf:kg.
Total Yield Watermelon: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

per Rai Baht 95.24 51.52 346.62 152.01 330.77 237.20
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
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

461



Table 3. Means and Standard Deviations, Nong Jek Lee (cont.).
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Sorghum Mung beans

Variable Units Mean s.d. Mean s.d.
Area Planted Rai 5.50 2.12 13.92 11.8%
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 Baht 176.91 173.79 70.20 93.26

Charge
Crop Capital

harge per Baht 32.17 47.54 5.04 3.62

Rai
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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Table 3. Means and Standard Deviations, Nong Jek Lee.
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Rice Corn

Variable Units Mean s.d. Mean se.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 Labkor

per Rai Hours 89.60 57.01 44.26 38.35
Animal Power Hours 374.14 333.89 131.47 132.65
Animal Power

per Rai Hours 12.91 13.60 8.60 11.18
Cash Costs Baht 1390.59 1799.37 515.99 538.57
Cash Costs

per Rai Baht 48001 27098 33.75 14009
Crop Capital

Charge Baht 514.70 819.40 819.40 122.95
Crop Capital

Charge per rai Baht 17.77 11.84 8.04 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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B

Zero Order Correlation Coefficient

Matrices farWhole Farm Crop Production Function Variables

Table 1. All Observations on Per-Farm Basis, Mapkhae
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Pii::ed Oxzézz Labor Draft Capital g::: Rent
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 Cagigal/ Casgagost/ Rent/Rai
Value/Rai 1
Labox/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 1
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Table 3. Animal Users Only on Per-Farm Basis, Mapkhae.
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Plzgggd g:t:ﬁt Labor Draft Capital gz:: Rent
Planted Area 1
Value QOutput .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 1
Table 4. Animal Users Only on Per-Unit-of-Area Basis, Mapkhae.
outpat/pat Lobor/fai PR SR/ G T
Value Output/ 1
Rai
Labox/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 1 '
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APPENDIX B (cont.)

All Observations on Per-Farm Basis, Non Som Boon.
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Pl:nted Value Labor Draft Capital gg:: Rent
rea Output
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 1
Table 6. All Observations on Per-Unit-of-Area Basis, Non Som Boon.
Value/Rai Labor/Rai Draft/Rai Cagi?al/ Cas£a§OSt/ R;:;/

Value.Output/ )

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 1
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APPENDIX B (cont.)

Table 7. All Observations on Per-Farm Basis, Nong Jek Lee.

Pi;::ed g:i:ﬁt Labor Draft Capital gii: Rent
L

Planted Area 1
Value OQutput .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 1

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
Casg gost/ .27810 .37309  -.23494 .28313 1
a
Rent/Rai .06214 .08287  .12394 . 06602 .02780 1
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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: log10 wt, = =-3,7789 + 2.8354 log10 H.G.
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H.G.

Female Cattle: 1 wt. = =4.1070 + 2.9929 lo
emale e og10 810

Male Buffalo: log10 wt, = =-3,8276 + 2,8371 log10 H.G.

Female Buffalo: log10 wt. = -4,0302 + 2,9227 log10 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 1.A. and 1.B,

Table 1. Weights (in kgs.) assigned to Functional Categories
A. Cattle
Male Cattle 'emale Cattle
Age Group 0-2 2-4 Mature 0-2 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
ge 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
{Nong Jek Lee | 165.0 352.5 533.8 155.0 317.5 406.7




APPENDIX D

Herding Labor Analysis

Table 1. Herding Labor Regression Results

Mapkhae H/Y = 968.563 B/Y -19923 R2 = .31120
-.801

Mapkhae H/M/B = 132.421 B/Y R2 = .87949
- 0574 2 -

Non Som Boon H/Y = 243.769 B/Y R2 = .58790

Non Som Boon  H/M/B = 76.675 B/y ~*426 R2 = .43909
_ 232 5

Nong Jek Lee H/Y = 572.131 B/Y R2 = ,13188
- --768 2 -

Nong Jek Lee H/M/B = 84.874 B/Y R = .62453

all coefficients significantly different from O at the
95% confidence level.

ja o4
1]

hours of herdsman labor per household

year

average bovine numbers per household

= w <
n

month
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APPENDIX E

MONTHLY RAINFALL AT SELECTED LOCATIONS

MONTH BANGLEN&/ KHONKAENR/ LOPBURIS/
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

8/1952-1966 Averages

b/1951-1967 Averages

€/1951-1967 Averages

Source:
Office of the Prime Minister, Royal Thai Government.

Unpublished records, Meteorological Department,



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: 1Initial Inventory Surveys



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 Nen Som Boon Nong gei Lee Mapkhae Non Som Boon
Month No. Per- No. Per- No. Per- No. Per- No. Per-
of birth births cent births cent births cent births cent births 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 (4] 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.

40¢



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 Non Nong
inter- Map- Som Jek 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 140¢ 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 1532
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.
sotee n refers to the number of observations of value estimates in each category.

(0]



MONTHLY GRAZING AND GRASS FEEDING PATTERNS

APPENDIX I

Apr. May June July Aug. Sept. Oct. Nov. Dec, Jan. Feb, Mar.
_ Rice 457 356 288 196 45 25 25 15 191 422 457 457
-_.‘E_ Upland 27 22 20 20 10 10 20 24 27 27 27 27
= Feeding 0 248 240 328 496 240 408 424 248 248 0 0
*E Rice 439 422 388 277 136 45 44 167 500 500 500 500
Q
= § Upland 262 238 146 164 108 88 45 32 160 374 374 270
om
T Feedine a0 48 360 976 1sss 813 897 408 80 0 0 0
. Rice 280 270 266 220 204 0 0 20 157 421 421 292
%“_‘f‘: Upland 1046 125 14 7 46 57 29 125 445 445 445 351
™’ Feeding 480 992 2640 1976 3744 6436 6352 4430 1472 744 429 248

labor

Note:

Source:

Monthly visits, case study villages.

Rice and upland figures are areas (in rai) per month,
Feeding labor is hours spent cutting and hauling grass per month.
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SEASONAL HERDING LABOR PATTERNS

APPENDIX J

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 i9l
Weighted Ave.,

All villages 193 178 175 136 154 183 184 171 203 191 190 207

Source: Monthly visits, case study villages.

ote
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