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PREFACE
 

this document was initiated early in 1979, and 
The work described in 

although still continuing, this report outlines 
the progress maie up to
 

to develop and then use a
 
February, 1980. The objective of the work was 


methodology for planning future multiple cropping 
research in the Chiang
 

Mai Valley.
 

At the outset publishing a document of this nature was not seen as a 

It has now become apparent, however, that
 primary objective of the study. 
 uses to a varietya number of beneficial
publishing this report could have 

serves as a benchmark for the
 
of individuals and institutions. First, it 


group to assess the progress made and to refocus 
attention on the
 

MCP 
critical problems impinging on multiple cropping research in 

the Chiang Mai
 

Second, by presenting the work to other interested 
parties and
 

Valley. 

institutions it enables the methodology so 

far developed to be further
 

refined and improved through criticism and 
discussion with a wider range of
 

people. Furthermore, although this report focusses 
specifically on multi

ple cropping in the Chiang Mai Valley, the 
methodology developed remains
 

in a wide variety

sufficiently general and flexible to be of 

potential use 


of other situations where cropping systems 
research is being undertaken or
 

planned.
 

In addition to the potential uses already mentioned, 
by presenting
 

the large and varied amount of data and information 
analysed by the group
 

while conducting the study, this report may be 
of value to a wide range of
 

individuals or groups either currently conducting 
or planning to initiate
 

area.
research in the Chiang Mai 


Because of the interdisciplinary nature of the 
work and the need for
 

from very different disciplines to be able to 
a large number of people 

it has been essential throughout the period ol 
communicate in common terms, 

focus on 
study to present results in simple terns, in such a way, that they 

and are readily understandable by all mem
the main objectives of the study 

it is hoped that the information pre-
For these reasons
bers of the group. 

sented in this docunent will be useful to and readily 

assimilable by all
 

agents such as extensionwhether they be go-,ernr ent groups of individuals 

personnel or administrators.
workers, research 
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CHAPTER ONE 

INTRODUCTION 

Objectives of the report 

In 1969, the Faculty of Agriculture of Chiang Mai University began 

I programme of research aimed at developing multiple cropping systems 

Ldapted to the irrigated areas of Northern Thailand and especially of the 
a variety of cropping systems,hiang Mai Valley. Over the past ten years 

Lnd techniques have been designed and experimented upon in research plots 

n the University campus and subsequently tested in farmers' fields. On 

farmers, observing the trials, have adopted the new practices,,ccasion, 
it least in-part. Yet, in reviewing our experience it is evident that all 

:oo frequently our dropping systems and techniques have not been as suit
as those they have developed forLble in meeting the needs of the farmers 

our:hemselves. If we are to realize initial purpose we need, at this 

juncture, a very critical assessment of our research programme and it's 

%elevanceto the broader context of development in the Valley. 

to of multipleThe purpose Qf this report is (1) review the state 

.ropping in the Chiang Mai Valley; (2) to identify problem areas where more 

esearch effort is needed; and (3) to establish research priorities and 
lirections for the multiple cropping programme. 

in the Chiang Mai Valley2. Multiple cropping 

The Chiang Mai Valley, covering an area of about 150,000 hectares of 

:ultivated fertile flood plain, is situated along the Ping River between 
.8020? and 190101 north latitude and 93050' and 99010? east longtitude in 

:he northern part of Thailand (Figure 1.1). The average altitude is about 

300 meters above sea level. Paddy land occupies about 75 percent of the 

trea, the rest is in diversified crops and fruit trees (Figure 1.2). 

The average annual rainfall (1951-1976) is 1218 mm., but it varies
 

iidely from year to year. There are several distinct seasons within a year 
rhich enable a wide range of crops, tropical as well as temperate, to be 
;rown in the Valley.
 

The Chiang Mai Vallay is the most intensively cropped area in North-


Irn Thailand. The most comon cropping pattern in the Valley is two crops 
crop or rice; but in some areas, threeer year: rice followed b3 an upland 


:rops are grown: rice followed by two upland crops or an upland crop and
 
,ice. The Valley is a net exporter of agricultural produce, although in
 

iome years has to import rice from other areas. 



2
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3. The Multiple Cropping Project (MCP) 

The MCP is an interdisciplinary research project of the Faculty of
 
Agriculture, Chiang Mai University. It was established in 1969, with
 
support from the Ford Foundation who have provided consultants, equipment,
 
supplies, fellowships and research assistance. During the first two andi
 
half years much effort was directed towards developing laboratories, an
 
experimental site and office for the project and in planning the research. 
Subsequently two main programmes have evolved, namely agronomy and social 
science. Village testing also forms an integral part of the MCP research
 
and it is intended that the Project will also participate in the training
 
and extension of multiple cropping.
 

The agronomy programme has focussed on the design and testing of
 
various cropping systems, while the social science programme has set abou"
 
identifying the economic and social constraints to increasing cropping
 
intensity. In the past, however, insuffii:ient interaction has occurred 
between the two programmes. As a consequen-e the agronomists have tended
 
to concentrate on developing systems which have maximum production poten
tial, but employ a package of practices designed for optimal conditions
 
of water supply, labour, etc. The resulting systems have not been partic
ularly suited to the needs of farmers faced with social, economic and
 
physical constraints different from those in the experimental plots. It
 
is primarily for this reason that we now need to critically examine our
 
research programme, focussing on the system aspects and identifying those
 
areas where integration of ideas and effort is most urgently required. 

4. Procedure of analysis 

The team which prepared this report consists of 12 staff members of
 
the MCP and one consultant, who collectively represent the disciplines of 
agronomy, soil physics, crop breeding, crop physiology, weed science, 
entomology, plant pathology, agricultural extension, agricultural econo
mics and systems ecology. It was recognised at the outset that a system
atic, yet flexible and rapid procedure of work was required if the differ
ent disciplines were to interact productively with each other in the pre
paration of the report. Such a procedure had been developed for ecosyste 
studies elsewhere (Walker et al., 1978) and it was decided to modify and 
improve on this so as to provide an analytical approach appropriate to a
 
large scale agro-ecological study.
 

The critical assumption underlying the approach is that, although
 
large agro-ecosystems are complex, their essential features are determine
 
by a limited number of key processes and while policy issues and manage
ment problems are also complex, major improvements can be achieved by
 
changes in a small number of key decisions. Thus at the heart of an effi-i
 
cient systems analysis lies the successful identification and formulation i
 

of a set of key questions which relate to these processes and decisions.
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describe the
the report respectively

next three Chapters inThe in the Chiang Mai 
and decision makingdynamicsstructure, characteristics.patterns of 

5 and 6 deal explicitly with the system 
Valley. Chapters of the multiple crop

and constraintsthe performanceChapter 5 evaluates 

ping systems in the Valley 
while Chapter 6 discusses 

the system properties
 
are listedThe key questionsdurability.

of productivity, stability and 
final Chapter the questions are assess-

In thein Chapter 7.and discussed by the MCP.for research
of their appropriatenessed in terms 

The procedure is designed to 
ensure that agricultural, ecological,
 

in the 
are raised simultaneouslyissuesand management out of which thesocio-economic of ideas a cross-fertilisation

investigation, so allowing 
The stages of the procedure were 

emerge and are recognised.
key questions whole team, interspersed

in seminars, involving the 
tackled systematically 
with detailed working sessions 

of groups of two or three individuals.
 

agreement on
 
Figure 1.3 outlines the procedure. 

It begins with an 


of the system boundary.
an identification

the system to be studied and 
on analysing patterns and processes 

in the
 

The seminars then concentrate 
 of (1) the structure of the 
explicit examination 

system. This involves 
system, its spatial relations, 

(2) the dynamic processes that 
characterise
 
and decisionof utilisationand (3) the pattern

the relationships in time, is reviewed by the group,
Existing knowledge

making present in the system. 

making extensive use of dioristic 
models (Southwood, 1978), that is sche

to encourage commu
graphs, flow diagrams, Venn diagrams etc., 

matic maps, a common group understanding.and to ensurethe groupnication within to un
three purposes. Firstly it serves 

This phase of the procedure has 
out andof the discussions 

in existing knowledge, secondly,
cover gaps 
arguments generated by the seminars 

there emerge the first outlines 
of the
 

a holistic framework
it serves to establish

key questions and finally analysed incropping systems
as far as possible, that the

ensuring, factors and also helps to
of all relevant

Chapter 5 are evaluated in terms 

identify the important interactions 
that arise due to the system proper

group to evaluate the overall 
in Chapter 6, enabling the

ties discussed The key processes and decisions
 
performance of the entire valley system. and regroup is able to reformulateand thebecome progressively clearer 

fine the key questions. Initially the questions tend to be framed 

in
 
The
 

purely agricultural, ecological, socio-economic 
or management terms. 


the optimal utilisation
focus on productivity, on

agricultural questions Questions
overcoming of constraints; the ecological

of resources and the 
the system and its components 

focus on stability and particularly on how 

respond to stress and perturbation; the 
socio-economic questions focus on
 

the key manageat all levels; while
the choices facing decision makers, 

focus on the design of the policies, strategies and tactics 
ment questions 
required to improve both productivity and stability. However, through 

there eventual
process of reformulation and refinement

discussion and the 
of very powerful key questions which combine 

ly emerges a limited number 
of the foregoing.elements of each 

then requiresbeen determined the procedure
Once the questions have 

team in terms of its capacity
the group. to analyse itself, as a research ofThe exercise is essentiallyquestions. 

one 
to answer each of the 
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group win uLb ...........
or tne
assessing the comparative advantage system.

an existing or potential interest in the 
research groups with fora limited setof the questions leavingin a screeningThis results of the procedurefurther. The penultimate phase
the group to consider These
 
is to turn these surviving questions into 

testable hypotheses. 

be refined or even partially tested by the use of

hypotheses may then 
and computer models.mathematical 

report thus finishes just prior to the hypothesis generating
The 
out laboratory

final phase of the procedure involves carrying
stage. The 

field-surveys to test the hypo
and field experiments, extension trials and 

these modify what has gone before, new keytheses. The results from 
questions emerge and the process repeats 

itself.
 

3
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CHAPTER TWO 

PATTERN AND PROCESSES: STRUCTURE 

1. The system boundary 

We chose as our system boundary the limit of contiguous paddy land 
in the Chiang Mai and Lampoon Changwats* (Provinces) in the Chiang Mai 
Valley (Figures 2.1 and 2.2). Paddy land is here defined as land on which 
wet season rice is usually grown in bunded fields where the soil is sub
merged for most of the growing season. All of this land is potentially 
irrigable; at present water is derived from Royal Irrigation Department 
and traditional irrigation systems and from tube wells and shallow dug 
wells. 

This limit follows approximately the 330 metre contour line (Figure 
2.3). Most of the RID main canals follow this contour. The boundary also 
encompasses the flat recent alluvial land together with most of the semi
recent and low terraces in the Valley. Outside the boundary, between the 
330 and 400 metre levels lies a zone of high terraces and upland in which 
there are some broken areas of paddy land, but these are excluded from the 
study system. 

The agro-ecosystem, so defined, includes all land in the Valley that
 
is capable, given sufficient water supply, of continuous cropping through
out the year.
 

2. Soils 

The soils in the Chiang Mai Valley are derived from alluvial deposit
 
and may be classed as old, semi-recent and recent alluvials (Figure 2.4).
 
Old alluvial soils are found on the edges of the Valley, while the recent 
alluvials are scattered along the main rivers. The semi-recent alluvials, 
which lie in between, are the most extensive. In the three groups a total 
of 66 soil series have been identified (Min. Agric. Coop., 1976) but only 
a few of these occur widely, Indeed only two, Lampang and Hang Dong, 
dominate the old and semi-recent alluvials respectively. Outside the 
boundary are old alluvial soils, predominantly of the San Sai series. 

The soils of the Valley are very similar in many of their detailed 
characteristics (Table 2.1). In general they vary from loam to silty loam 
and silty clay loam to clay, with a few sandy loam and sandy clay loam 
soils. The clay mineral is predominantly kaolinite. Surface drainage is 
slow, with poor to moderate permeability and internal drainage. For an 

A number of Thai words are used throughout this report in their romanise 
form because no direct translation is possible. The first time each wor 
is used in the text it appears in italics to indicate that its meaning c n 
be found by reference to the Thai glossary at the end of the report. 
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Figure 2.1 Map showing the ystem boundary 
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2.1 Comparison of njor soil types 
in the Chiang Mai valley 

Table 
(Simplified from Min. Ag. Coop., 1976)
 

1. 	 Classification 

a) National 

d) USDA 

2. 	 Soil depth 

3. 	 slope0 

4. 	 Textue 

5. 	Colour 


6. 	Structure
 

a) Upper A-horizon 

b) Subsoil 

7. 	 Drainage 

8. 	Permeability 


9. 	 Surface runoff 

10. Period of water 
saturation
 

a) Surface 

b) Subsurface 

11. Organic matter 


(% carbon x 1.724) 

l,|% 

(Old alluvials) (Semi-recent 
alluvials) 

(Recent 
alluvials) 

Lampang Hang Don 

Low-Humic-Gley Alluvials 

Typic 
Paleaquults 

Silt loam to 
clay 
Pinkish grey, 


greyish brown 


to light grey 

with brownish 

mottles
 

Weak to 

Moderate 

stifluventsTypic 
and 	TropaqueptsTropaqualfs 

Very deep 

2%
- 2% 


Fine loam toSilty clay 

to loam clay
 

Dark grey to
Dark grey to 

dark brown
light grey 


with brown
ish 	mottles 

coarse subangular blocky 

to coarse 

Poor 

Slow 

slow 

4-5 months 

5-6 months 

Low Medium 

0.5-1.0% 1.5-2.5% 

Weak to coarse 

Poor to moderate 

Slow to moderate
 

0.5-5 months 

0.5-7 months 

Medium to
 
moderately high
 

1.5-3.5%
 

I
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Table 2.1 ... (cont'd) 

(Old alluvials) (Semi-recent (Recent
 
alluvials) alluvials)
 

Lampang Hang Dong
 

12. 	 Base saturation Medium Medium to high 

0-30+ cm 
 35-37% 	 35-75+%
 

13. 	 Cation exchange Low, 3-5 Medium, Medium to very 
capacity 10-15 high, 10-30+
 
(me/100g soil)
 

14. 	 Available phos

phorus (ppm)
 

0-30 cm Moderately low, Low, 3-6 Low to very high,
 
6-10 3-45+
 

30+ cm Moderately low, Moderately Low to high,
 
6-10 low, 6-10 3-45
 

15. 	 Available potas
sium (ppm)
 

0-30 cm Low, 30-60 High, 90-120 Medium to very
 

high, 60-120+
 
30+ 	cm Low, 30-60 Medium, Low to medium,
 

60-90 30-90
 

16. 	Reaction
 

(pH 1:1 H20)
 

0-30 cm 
 5.5-6.5 5.5-7.0
 

30+ cm 4.5-5.5 T6.0-8.0 5.5-8.0
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Sai series, which occurs in association with the 
old alluvium of the San 

estimated at 1.65 
Lampang series, the bulk density of the surface soil was 

field capacity and 8% at 
g/cm3 with water holding capacity at 16% (w/w) at 

1975).permanent wilting point (MCP, 

Except for the recent alluvials, which are annually flooded and thus
 

soils highly weathered. In general
have fresh deposits added, the are 

fertility decreases with age. Organic matter content, available phosphorus 
and the combined percentage of ex

and potassium, cation exchange capacity 
changeable calcium, magnesium, potassium and sodium are higher in the 

recent alluvials than in the semi-recent alluvials and are lowest in the 

old alluvials (Table 2.1). 

Since most are bunded for paddy rice cultivation, soils in the Valley 

are subjected to continuous water logging for 3-4 months a year, and up to 

8 months a year in areas double cropped with rice. 

Water supply3. 

Over 80% of the paddy land in the Chiang Mai Valley is irrigated 

(Figure 2.5). Irrigation is essential for cropping in the Va]ley during 

the dry season and in the wet season is used to supplement rainfall. The 

irrigation systems in the Valley fall under 2 main categories: first, 

diversion systems which use diverted river water and ground water systems 

which use underground water. Diversion systems include both traditional 
and Royal Irrigation Department (RID) systems and the ground water systems 

consist of communal or privately owned dug wells and tube wells. 

Traditional Irrigation
 

are the most extensive,
Traditional irrigation systems (Figure 2.6) 


with over 2000 such systems in changwats Chiang Mai and Lampoon (RID, 1962). 
They are typically developed communally by groups of farmers and some are 
over 1000 years old. In the wet season, the systems cover about two thirds 
of the Valley (Sektheera and Thodey, 1975). However, most of the tradi
tional systems are rather small, some covering areas under 100 rai, and
 

water may not be available in the dry season. A typical traditional system 

is based on a wier, made from local materials such as bamboo stakes, logs 
and stones, which is built across a stream or river and serves to raise the 

water level to a height sufficient for diversion into irrigation canals. 

In some cases the weirs have been reinforced, in recent years, by concrete 

structures and a number of the large traditional systems, particularly in 
the south of the Valley, have permanent head regulators. Sektheera and 

Thodey (1975) list the number of these operating in the wet season as shown 
in Table 2.2.
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Table 2.2 Traditional irrigation systems with permanent head regulators

(Sektheera and Thodey, 1975)
 

Area serviced in wet season (rai)
 

<1,000 
 1,000 to 5,000 >5,000
 

Number of systems with
 
permanent head regulators 563 125 18 

Some of the large systems have recently been improved by the RID.
 

There are no comparable figures for the dry season, but as an example theTha Sala project in amphur Saraphi serves nearly 16,000 rai in the wet
seasbn and about 9,000 rai in the dry season (Kung, 1974). 

Royal Irrigation Department
 

There are four RID systems in the Chiang Mai Valley which have been
completed, serving about half of the paddy land (Figures 2.5 and 2.7). Irthese systems water is diverted from the rivers by permanent wiers intomain canals, then into laterals and sublaterals before reaching the fieldsThe length of the main irrigation canals and length and number of lateral
and sublaterals are shown in Table 2.3. 

Table 2.3. Royal Irrigation Department (RID) projects in the 
Chiang Mai Valley (Sektheera and Thodey, 1975) 

Project Source of Year Length (Kin) Number of 
water completed Main Laterals laterals 
(River) canals and 

sublaterals 

Mae Taeng Mae Taeng 1971 74.5 258.6 23 

Mae Fack Mae Ping 1935 36.0 55.0 17 

Mae Kuang Mae Kuang 1954 27.7 140.3 13 

Mae Ping Kao Mae Ping 1941 13.8 82.0 1i 
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At full capacity, the four RID systems,supplementing the rain, can
 
irrigate 325,000 rai in the wet season (Table 2.4). However, the actual
 
area planted varies from year to year depending on rain fall and the river 
flow that can be diverted. There are also some flood prone areas which 
cannot be planted in particularly wet years. On the average 95% of the 
irrigable paddy land is cropped each year. 

Table 2.4 	 Irrigable and planted area in RID systems in the
 
Chiang Mai Valley (Kung, 1974 and Sektheera and
 
Thodey, 1975)
 

Project Districts (Amphur) Irrigable area (rai) Planted area (rai)*
 
served Wet season Dry season Wet season Dry season
 

Mae Taeng Mae Taeng, Mae 150,000 60,000 143,898 80,184 
Rim, Muang 
Chiang Mai, 
Hang Dong and 
San Pa Tong 

Mae Fack San Sai, Mae Rim 70,000 30,000 65,003 30,549 
and Muang 
Chiang Mai 

Mae Kuang Doi Saket and 60,000 20,000 59,280 16,652 
San Kamphaeng 

Mae Ping Saraphi and 45,000 30,000 40,261 30,599 
Kao Muang Lampoon 

Total 325,000 140,000 308,442 157,984 

Figures for planted area are means from 2 years data for Mae Taeng, and 
12 years for Mae Kuang, Mae Ping Kao and Mae Fack.
 

In the dry season, with very little rain, only 140,000 rai can be 
irrigated, but the number of rai planted exceeds this on average by 13% 
(17,984). This is partly due to the extensive area of overlap between the 
RID and traditional systems (Figure 2.5);nevertheless water deficit does 
occur and is a growing problem. 

Wells 

Underground water is currently being used for irrigation in a small 
number of locations in the Valley (Figure 2.5). Tube wells are found in 
two locations, San Kamphaeng and Pasang districts. In the Ban Buak Kang 
area, for example, farmers have installed 20 tube wells which supply 150 
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is evidence of increasingrai in the warm and hot seasons. However there 

much as 20 metres and 
in these areas, now as 

area,depth of the water table 
their pumps. In the Ban Hong 

are progressively loweringfarmers for intensive cropping of 
dug wells supply water 

traditional shallow area there had been 
in the dry season. Previously the crop 

ofvegetables the inti-oduction 
drawn and carried by hand but with 

small, water being so far apparentlyextensive,
dry season cropping has become 

of the drysmall pumps At the heightthe water table. 
without any noticeable 

water 
effect 

levels 
on 

in were never lowerthese open wells 
season, in March 1979, 

than 4 metres. 

IntensityCropping 

The measure of cropping intensity, 
the 'cropping index' is tradi

of land in 
as the number of crops grown on the same piece 

tionally defined 

one year x 100.
 

the Valley is cropped
 
A large proportion of the agricultural land in 

theoverthe average cropping index 
once a year (Figure 2.8) and more than Rice 

whole Valley was estimated to be 
163% in 1978 (Nippanutiyan, 1979). 


and all of thein the Valley almost 
in the wet season is the main crop 

cropping patterns are built around this crop (Kung, 1974; Tongsiri et al., 

As can be seen from a comparison of 
Figures 2.5
 

1975 and Seetisarn, 1977). 
 supply.
and 2.8 cropping intensity is closely related to water 

rice is found in areas with
 
Single cropping, usually with wet season 
 area, 

supply during the dry season. This includes the rainfed 
no water Mae Kuang, and areas 
part of the RID serviced area, particularly in the 

Double cropping is found in most
 
served by very small traditional systems. 

size tradi
of the area served by the RID systems, in some of the medium 


tional systems and in the tube well systems.
 

devote a very small fraction of 
Throughout the Valley farmers often 

0.2 rai, to continuous cropping of vegetables, mainly
their land, 0.1 to 

triple qropping on a large scale is 
for personal consumption. However, 

as in Chomthong
traditional irrigation systems,restricted to the large 
and Hong where underground water is plentiful

and Saraphi; to Pasang Ban 
and to some areas where RID and traditional systems

throughout the year; 
overlap. 

the completion of theincreased sinceMultiple cropping has greatly How-
RID systems (Thodey and Seetisarn, 1974; Seetisarn, 

1975 and 1977). 


that while much of the double cropping occurs with
ever, it is significant 
in the RID systems most of the triple cropped land 

lies outside, in tradi

appear that there is only suffi
well systems. It would thustional or tube the farmerfor the third hot season crop when 

cient security of water supply 
RID water cannot 

has a high degree of control over the irrigation 
system. 


only triple cropping in the 
the hot season and thus the

be relied upon in 

RID systems occurs when there is a strong complementary 
traditional irriga

tion system present.
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Double cropping
 

Triple cropping
m 

Map of Chiang Mal Valley - Cropping intensity
Figure 2.8 
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Comparison of Figures 2.4 and 2.8 suggests that soil type is less
 

important in determining cropping intensity. Most of the triple cropping 
occUrs on the semi-recent rather than recent alluvials, possibly because 

the latter,although more fertile, are prone to flooding and poorer water 
control. Double cropping occurs on both recent and semi-recent alluvials. 

However, much of the old alluvium is monocropped, but this probably is 
more a function of its position and hence lack of water supply than its 
soil properties. 

5. Population 

The total population of all the administrative units, amphurs, which
 
lie partly or wholly in the Chiang Mai Valley, was estimated at 1,004,150
 
in 1974. Although this includes people living outside the Valley, the 
majority of the estimated population lies within the system, since the
 
areas outside the system boundary are mostly highlands and uplands, and are 
sparsely populated. 

The population and population density by amphur is shown in Figures 
2.9 and 2.10. 

Muang Chiang Mai (city district) has the biggest population, at 
163,745. It is also the most densely populated with a density of 952 per
sons per square km. Muang Chiang Mai is the biggest urban centre in the 
area but its agricultural population is small (Figures 2.11 and 2.12). In 
1970 the number of agricultural households was 2,781, less than 10% of the 
total households. The other amphurs are much less densely populated, with 
50-75% of the households engaged in agriculture in 1970. Muang Lampoon,
 
the second urban centre, has a population of 137,990, a little less than 
muang Chiang Mai, but in terms of density and proportion of households en
gaged in agriculture it is similar to the rest of the Valley. In general
the population density appears to be related to the proportion of the total 
land in the amphur which is paddy land. The amphurs with a population

density greater than 200/sq km lie mainly in the Valley while those with a 
density less than 100/sq km are predominantly upland amphurs. 

6. Land holding 

Farm size 

The average farm size in the Chiang Mai Valley in 1975 was estimatedat 8.8 rai (Tongsiri et al., 1975). In many cases the holding is made up

of several parcels of land, scattered quite far apart, one of these being

the farmer's homestead. The average holding size by amphur in the Valley 
is shown in Figure 2.13. The smallest holdings, 4.5 to 5.5 rai, are in
amphurs which lie across the middle of the Valley - San Pa Tong, Hang Dong,
Saraphi, San Sai and Doi Saket, and also in Ban Hong in the southernmost 
part of the Valley. The biggest holdings, averaging considerably more than 
6 rai are found in the south eastern amphurs - Pasang, Lampoon and San 
Kamphaeng. Chomthong in the south with Mae Taeng and Mae Rim which are in 



24
 

'"''"'" '""''""''""' "'".........
"''" "' 

'.'...''''..-..'. .'.. .. ' '"...". .''... ..
• .. '.... ..'.. ................... " i iii~i" ' "' '".... . ''.... "
 

"" "." ". .....
i!!ii~ iiiiiiii! i iii~ i!!iiiiiiiiiiii................ .........
 

. . . . . . . . . . .' 
 . .... ............ ........... .... .. ..
 

.......... h a g M + I " ": : ''''':'.-"'+ " '.
.... .
 

...... "'"'..:". .'" "':' ::
 

........ .================= :....i: '~. .........
.... ... :!:::::; .
 
.... .......... .....-..... ..
,...'....-.'... '.'. ....... ... .
 

oo ..°... . .. ... :.: 3 ::. .... .......
...'.. .oo ..o.'o.:..:..",o::. . ..... ........ 


............... .
... . . . ... ... ... . .
 .. ."..".... ....... .... ... .......
'" .... . . X::,:.....:....
................ 


•..*. ... :'''::" :........................
.................. . ... .................
 
'Ilfe .'..t.'t. . . . . . . . . . .. .e. . . . . . . . , " .. , .. . . . .. . . . .. .. . . .e~ * .~tt .. . . .- ....., ... .. .. :...'.. .
....... ..................... .....
 

.... .... . . . . . .. :: :.:::: . ..
.. ':'". ."... .. .. . :::.:. ...


. ...
........ •.... .:
 

... ... ........ .. .. . . . . . . o o m h rp p l to
 
....... . ... .. o
.


e .9...o..ag....le (9
F ... -Aphrpouato 


http:9...o..ag


25
 

..............: ... 

iiiii~... .....i! iiiiiii......... .... . 

-. .j ..... -. .. . .. .. .. . ... ... . . . . . . . . . 
M a Rim2'' :12222i2 2'''211 ... ........... .. 

; ;,.::.::......... . . . . . ...... ..... 


.... ............
 

iii;ii'ii. ..... .. . . . . . . . . . . . . . .... ..... . ....
 

Figur 2.10Mapo Chlag MalVally - Aphur.opulaion.dnsity1..7
 

......
 



26
 

iiiii
........... ii 


........... Mae,,ig.... s, .. .. ! ::::: . 
....- X.X.:::'''',:' ::. . . ..... ... 

i :iii ~"iii: ".'.'.'....-, ......... .... 

!:::::.-::ii~ ......... ..::::::: : ::::: 

::... ..:"i:.. 


.... .. ... . .... .
 

,~~~~~~:;::;........ ...
;F ".. 


M . Rima .... .l...h...r.. 

.. .. ...,. 
.. . .. . . O .. .. 

:!:::.........
::8: \ I , ,8,
 
Figure~Npo~ hag~ ~~~~~.....IVle giutua ~shls(
~ ... 



27
 

•..'..: ............
'... ..'...°.-. 


,Mae Toeng. "'"'''";: ":!:!~~~ : :::::::::..:X:1-~ .... 
. .. ,~~~~~~~ X*,,%.,% .. p..
., ,. 


,K::...::: ':-' :.........--: . ..... ,..... ,
 

: . .............
............. !
 
. .... . ... . ... . .......-...
.: .: ... ...... 

.......... ::.:.:rN .
....... ...
........ 
.. .'. . . . . . ... . . ..... .
' .. 
 ... .
 ... ....... .
 
.~.. e3 . . . . . .................
.'..... '.Ma It.. :. .............. 


o, . ° ,. .,........... .....
 

• .,, , **
, ,.,.............
 '. .'. ..... : ...... .. .. ..:.:.. .


-..-. :,..:...;.... 
... ................ W
 

. ...... 50.6..... 


in Ma .. . .C 

•~ ~ a Don ....... °. .,.°.. .
.''!ii::g~:!:''' 

bom=n ho.ho Yooahi 

56%- 2 

25 - X 

% ~~5 ..... .....7 


Fiur.1 MpofChag alVlly- grcltra ouehls~eretae
 
(~ 1970 



28
 

. . . .,.......
,,,,..........,.iu~i;i;;iii;u ~ ...........
:.... iiiii~ii~i
 
!'ii'!i!iii
'""'':::::... ...' ....
... ~ "..'': :
... .... 


.'.'"'.'".. ... '.' 


. .::"'................ ";:""....
 

"i':!
...~.i' ........ : .":
." .. '
 
...... :::............. :'.. 


%:an ..... ha...
 

.............
 
.;"""
......
 

..... ...(. v.
. O 


................
 

.. ~ .5.5....~ 45 

FigurFla of 2.1hian MaiValle - Aphur.hol.ng..ze 7
....


http:Aphur.hol.ng


29
 

have an average hold
the northern part of the Valley and Muang Chiang Mai 
ng of'5.6 to 6.0 rai. 

in the
Significantly most of the double and triple cropping occurs 

2.8).6phurs with average farm sizes of under 6 rai (see Figure 

Land tenure 

About half of farmers in the Chiang Mai Valley own all of the land 

they farm and this group accounts for 47.4% of the total land area. 27% of 

land they farm and rent the rest (31.6% on anthe farmers own part of the 

area basis) and 23% are solely tenant farmers (21% on an area basis)
 
(Nippanutiyan, 1979).
 

The pattern of land tenure in the Chiang Mai Valley in 1979 is shown
 

in Figure 2.14. In Muang Chiang Mai the-tenancy rate is the highest in the 

Valley at 65%, but this is atypical. In three amphurs close to Muang 

Chiang Mai: San Sai, Saraphi and Doi Saket, the ratio of full owner 

operators to part owners, part tenants to full tenants is about 1:1:1. 

However, in the rest of the Valley the tenancy rate averages less than 18%, 
with the majority of farmers farming their own land. 

There is no clear relationship from these figures between land tenure 

and cropping intensity but in general double and triple cropping occurs 

where there is a high proportion of owner operators.
 

7. Infrastructure 

Transportation 

Transportation and communication facilities in thie Chiang Mai Valley
 
are rather well developed. Most villages are not mr-Ie than 5 to 10 km. 
from an amphur centre and no more than 50 km. from Muang Chiang Mai
 
(Thodey, 1975). Sealed roads link amphur centres with most neighbouring
 
amphurs and with Muang Chiang Mai. A good highway system, a rail service 
and an air service connect Chiang Mai with other Northern provincial
 
centres and with Bangkok. A direct air service between Chiang Mai and 
Hong Kong has just recently been initiated. 

Small, 1,000-1,600 cc, pick-up trucks are generally used for local
 
transportation of people and goods. They are converted for passenger use 
and operate partly as mini-buses on fixed routes and par cly as variable 
Oute group-taxis. Bicycles and motorcycles are very common in the villages 

they are quite often used for transportation of fertilizer, rice seedlings, 
vegetables, small livestock and so on. 

Best Available Document
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ets 
the villages.to Retailing of agricultural inputs consumer products spreads wellMost agricultural andinputs can also be obtained through

ooperatives and farmer associations. Prices of both agricultural inputs; 
.g. fertilizers, hoes, plough shares and consumer goods; e.g. washing
owder and soap, differ very little between the urban centres of Chiang Mai
d Lampoon and in the villages. A fixed price is often set by the pro

ucers to prevent competition between retailers and wholesalers. 

In addition farmers have adequate access to markets for their produce.
n areas where a crop is grown to a significant scale visits by traders can

'expected during the harvest season. This is true for grain legumes,
ice, chili pepper and other vegetables. There are also several markets,
tail and wholesale, in Chiang Mai and Lampoon where farmers often bring

egetables to sell. In the pick-up trucks converted for carrying passen
ers, a farmer can take two baskets of produce, 20-30 kg in weight, withoutdditional charge. Roving markets also operate in the Valley, mostly in
he amphurs around Chiang Mai. These are held in the morning at a differ
t location each day. Farmers buy and sell livestock, village-made house

old and farm utensils, bicycles and motorcycles. The markets are also
ell attended by vendors selling factory made consumer goods, clothing etc. 

Table 2.5 shows the number of 	tobacco curing and processing plants,
ice mills and other processors by amphur in the Chiang Mai province. There 
s Some unevenness in the distribution of processors, particularly.is, among amphurs but given 	 rice

the good transport facilities this may not asignificant 	constraint to production. A very big processing complex,

apable of canning, dehydrating and freezing vegetables for the export
arket, operates in Chiang Mai but very much below capacity. 

Table 2.5 	 Some processors of agricultural produce in 
Chiang Mai province (1979). 

Tobacco 
curing 

Tobacco 
drying & 

Rice 
mills 

Vegetable 
oil extrac-

Peanut 
shellers 

plants process- tors 
ing fa:
tories 

MUang Chiang 
ChOmthong 

Mai 1 
6 

1 
1 

10 
54 

2 
-

7 
-

i Saket 
Mae Taeng
Mae Rim 
'an Kamphaeng 

4 
5 
5 
7 

1 
-
-
-

40 
-
14 
3 

-

-
- 1 

San Sai 13 - 1 - -
San Pa Tong 5 - 61 - -
Saraphi 2 3 2 - -
'ang Dong 5 1 38 -

Source: Industry Directory, Chiang Mai 
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In Chiang Mai and Lampoon there are also many smaller processors of fruit 
vegetables and grain legumes for local consumption and the national marke .
 

Non- farm employment 

Small scale retailing of farm produce and processing factories pro rOPE 
During the off season many villagers wo e


significant off farm employment. 
on construction sites in the towns. There is also a steady movement away ap 
from farm employment of farmers' children. Some become drivers of pick-p-t 
trucks if their fathers are sufficiently well off to provide the initial
 
investment. Many girls migrate to the towns to work as waitresses, shop the 
' 
attendants, maids and in other tourist related employment. Traditional
 
home based crafts, for the tourist trade such as weaving, woodcarving,
 

-
pottery, basketry and bamboo work, silk and cotton and carpentry, are alsoiI fa 
important, particularly in San Kamphaeng and other amphurs near to Chiang 
Mai, both in the off season and throughout the year between farm tasks. ion 
The forest, just outside the Valley boundary, may also provide employment 
in the gathering of saleable or consumable products such as bamboo, bees, 	tan* 

tuypV
mushrooms, etc. 


Social services 	 0 d 

Primary education is readily available throughout the Valley. TuitL th 

is free, but there is a cost for books and uniforms. Secondary education us 
is available at each amphur centre. In addition to Chiang Mai University,,ilrut1 
major tertiary institutions in the Valley include an Agricultural InstitU 


of Technology, a Teachers Training College and a College for Technology f 7,
 
Vocational Training.
 

Basic health service is available in most areas. A unit which inch b< 
a public health officer and a midwife is responsible for one Tambon, mak.y nc 
regular visits to all villages in the Tambon. Most amphur centres have a~ompc 
public hospital, 10-30 beds, with a resident doctor. Nakorn Chiang Mai 
hospital, a teaching hospital attached to the Faculty of Medicine at the 
Chiang Mai University with 900 beds capacity, provides a very comprehensilleva 
free service to those who qualify on the grounds of low-income. There artleva 
also 10 private hospitals in Muang Chiang Mai providing a wide range of Chapt 
services.
 

Like the rest of Thailand the population in the Valley is predomina8ervi 
ly Buddhist and the Wat (temple) and monks play a very important social rpai 
They form an institution to which farmers and villages have easy access, da 
act as an important source of informatiun, including that of an agricult ivele 
nature. 

We h 
8. 	 Vllkge and farm ize
 

rve
 
So far we .have looked at structure in terms of the entire Valley or OUse 

its-major agro-ecological or agro-economic regions. The Valley, however, rize 
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In this
 
s that at level of village and
strongly heterogeneous both at 

the macro- and micro- level. 


ction we describe the variation occurs the 


As well as being components of the 
regional system they are them

f. to exhibit important system
can expectedives also systems and thus be 

repercussions at the
Section 1) which will have

roperties 
vel of the 

(see 
Valley 

Chapter 
as a 

6, 
whole. This is discussed in greater detail in 

apter 6, Section 3. 

in this section is largely derived from surveys of 
The information 

1975 and Nippanutiyan, 1979).
the Valley begun in 1975 (Tongsiri et al., 

Village Characteristics 

A village is considered as the smallest more or less natural collec

timi of houses that make up an administrative hamlet (muban), under a head

a muban means a congregation of houses and a 
. Literally translated, 

ical village in the Valley consists of a fairly tight cluster of houses
 

urrounded by crop fields. 

surveyed
There are 804 villages in the Chiang Mai Valley and of those 

households,0 date (Tongsiri et al., 1975), the size varies from 48 to 328 
ith an average of 140 households. This variation depends on soil fertili

period, the locationt, the encompassed cultivated area, the settlement 
For the Valley as a whole, 68.3% of the 

lus other socio-economic factors. 
of income. The average agriagriculture the majorillagers have as source 

giving an average village populationcultural household size is 5.5 people, 
o individuals.0f 770 

along one
In most villages the houses are clustered on the high land, 

r both sides of the road. Each compound has up to five houses with usual
the edge of theg ly no fence between the home plots. Many trees grow around 

"OMPOund, giving a cooling shade. 

usually of 3 fairly distinctThe village is surrounded by crop land 
elevations as shown in Figure 2.15. The major characteristics of the 3
 

fuller discussion
elevations are outlined in the Figure and a follows in
 

Chapter 5, Section 3.
 

Villages are usually self-sufficient in terms of agricultural-allied 
t rvites such as blacksmiths and carpenters for agricultural implement 

I airs and a small shop can usually provide agricultural supplies of a day 

day nature. The owners of these small businesses are often farmers them-
SIves. 

Farms in the Valley are usually run as a family business (92%) with 

head of the household as the major decision-maker. The average farm 

third of the households also2e is 8.8 rai of actual crop land but one 
the higher land near to the"e a small vegetable and/or orchard area on 

e adding, on average, a further 0.41 and 0.25 rai respectively to farm 
(Tongsiri et al., 1975). 
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Each housc"°,old is generally composed of a house, a rice-barn, a pig
pen, a buffalo shed and perhaps a small kitchen-plot. The houses are 
generally uniform in construction, although variable in material used and 
size, with bambco or wood flooring raised about 6 feet off the ground and 
with a leaf, tin or tile roof. The open area under the house is used for 
carpentry, handicrafts manufacture, cleaning and sorting crops, resting and 
as a gathering place for friends and neighbours. The rice-storage barns,

which are of a similar design to the houses, vary in size according to

household rice and other production and are thus an indication of family

wealth and income. Most of the families raise a few pigs in the adjacent
 
pen and some raise chickens and ducks which are allowed to run freely about
the compound. Buffalo and oxen are usually tied under a tree in the compound. Some households have their own wells from which water is drawn 
 fordrinking and domestic use. Some households have kitchens, bath rooms and 
lavatories separate from the house. 

Land fragmentation is common, largely as a result of the inheritance 
custom whereby parents divided land equally among children, male or female.
The number of separate land parcels operated by a family and their locationhave a bearing on the efficiency with which resources, particularly labour,
is utilized and determine which crops will be grown and where. The typical
extent of fragmentation can be gauged from Figure 2.16 which shows the
location of fields farmed for a number of households in Ban Pa Mark and

close by villages in Amphur Hang Dong in 
 the wet season of 1973. Note for
example that while household 25 has a single, large planted area, house
hold 3 has a similar total area but in widely scattered holdings. In fact
17% of all households own 3 or more parcels of land and although the 
average distance from the house to the farmers' fields is 0.6 kms. some 
farmers have fields over 3 kms. away. 

The individual plot, within the fieldis the basic unit of water and
 
crop management. It tends to be smaller in the Valley than in the Central
Plain. In Ban Pa Mark, the average size of plot per household ranged from
.22 to .49 rai, but a safe generalization is that there will be about 3
Plots to a rai, regardless of the size of farm overall. 

As shown in Figure 2.14, a large proportion of the area farmed is 
rented land. The 1974 Land Rent Act (see Chapter 6) lays down laws regard
111g land-tenure; but it is rarely observed and the rent is generally a50:50 share for the rainy season rice crop, inputs being supplied by thetenant, who is sometimes compensated for these before the share is made.
1n sote cases the landlord is responsible for harvesting his own share of
the crop. The rent for dry season cropping, with the exception of dry 
eason rice, is usually on a cash basis, the actual rent paid being*vari-Ible, with the landowner often specifying certain crops which may-not be 

40wn. In some cases the landowner may demand very little or even payno
4ent for dry season cropping, being willing to settle for the perceived,esidual benefit of added nutrients, etc. in his own wet season rice cro1r.
[See Chapter 6). 
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In very few instances does the farftr followtern on 	 the same cropping patall of his land. This diversification 

nu 	 of cropping patterns hasnerous potential advantages which are discussed 	more fully in Chapter 

Farm Management 

Glutinous rice is almost exclusively grown as the wet season crop.
The major dry 	season 
tobacco, peanuts 

crops include non-glutinous rice, soybean, garlic,and vegetables in approximate descending order of importance. The predominant rainy season glutinous rice varieties planted in
the Valley are photosensitive, traditional or locally selected, but stil
basically low nitrogen responsive, varieties such as Niaw San Pa Tong.
Very little effort has been put into breeding improved varieties of glut
nous rice with acceptable eating quality for the people of the Northern
Provinces. 
However this 5s now a priority in the current National Develi
ment Plan. Improved non-glutinous rice varieties such 
as RD 1 and RD 7
readily accepted for a cash crop in the dry season.
 

Improved soybean varieties are predominantly used in the Valley,
whilst the 
use of improved peanut varieties is now also increasing. In
contrast the garlic and chili pepper varieties grown are mainly local unimproved ones. 
 In the case of tobacco, seedlings are generally supplied
by the processing companies but only a few of these conduct any form of
breeding programme. 

Table 2.6 shows that a large proportion of the farmers retain a par
of their crop 	 as a source of seed for future planting, and selection undoubtedly occurs to a certain degree especially in rice (Thodey et al.,
1974).
 

Table 2.6 	 Percentage of farmers using seed stored from
 
a previous crop (Tongsiri et al., 1975)
 

Source Gluti- Non-
 Soy- Peanut Mung-
 Garlic Tobacco Chili
of 	 VegE
nous gluti- bean 
 bean

seed rice nous pep- ta

per bles
 
rice
 

Own 96.3 72.9 
 38.2 26.4 
 52.1 85.7
farm	 4.3 60.0 29.C
 

The level of all fertilizers applied in Thai±and is very low (Table
3.9) and the Chiang Mai Valley is
no exception to this. 
 As can be seen
from Table 2.7, less than 30% of all farmers apply fertilizer of any kind
to their rice 	crop. For traditional glutinous rice varieties this is in
keeping with recent findings that there are no or only localised responses

to nitrogen up to 50 kg per hectare.
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Table 2.7 	 Percentage of farmers using fertilizer,
 
by type (Tongsiri et al., 1975)
 

Type Gluti- Non- Soy- Peanut Mung- Garlic Tobac- Pep- Vege
nous gluti- bean bean per
co 	 ta
rice nous 
 bles 

rice
 

Animal
 
or
 
other
 
natural 13.2 13.2 20.5 18.1 - 2.1 - 5.0 2.6 

Artifi
cial 13.8 14.6 2.5 
 3.2 2.2 	 90.0 97.9 85.0 76.9
 

Total 27.0 
 27.8 23.0 21.3 2.2 92.1 97.9 90.0 79.5 

The very high 	incidence of artificial fertilizer application in tobac-
Co is Probably 	 in part due to the fact that the curing barns will supply all 
inputs to the growers, the costs of which are deducted from the buying
Price at harvest. This, coupled with the fact that 	a guaranteed buying
Price is given at the beginning of the season, greatly reduced the risk in
volved in fertilizer application. 

Land preparation is predominantly by animal and human power. 62% ofall households 	 have working buffalo or oxen which used to draware 	 tradi
tional hand-made ploughs and harrows and are also used in the transport offary materials 	 and produce in ox carts. Less than 10% of the farmers use 
mechanised power for any part of land preparation for riceincluding the 
dry Season crop where turn around time may often be short. Land preparation for rice usually consists of a single ploughing followed by puddling
the soil, sometimes once but usually twice, and land levelling is also some
times crudely performed. Thirty to forty day old seedlings are then trans-
Planted into the puddled soil,most commonly at a spacing of 30 cms. x 30 cms. 
Or 25 cms. x 25 cms. with about 3 to 5 plants per hill. 
th Soybean is usually sown directly into the rice stubble after burning 

Sice straw and thus involves no cultivation. Other upland crops are 
c;tafnly grown on beds of various sizes usually raised by hand after sometimes Ploughing the field. Tractors fitted with rotary hoes are used to a 
lger extent in land preparation for upland crops especially in peanut andtobacc (Tabe 	2.8). 
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Table 2.8 Percentage of farmers using mechanised power
(Tongsiri et al., 1975) 

Type Gluti-
 Non- Soy- Peanut Mung- Garlic Tobac-
 Pep- Veg
nous gluti- bean 
 bean 
 co per tarice nous 
ble 

rice
 

Animal
 
and
 
human
 
only 96.7 
 93.0 86.6 63.9 
 93.2 89.3 
 75.0 100.0 85.
 

Tractor
 
with
 
some
 
animal
 
and
 
human 3.3 7.0 
 13.4 36.1 
 6.8 10.7 25.0 
 - 15.( 

Care of the crop, apart from irrigation, is often minimal especial]
for soybean and third season peanuts which are often virtually abandoned
until harvest. 
In all crops weeding is often the only post planting mane
ment activity performed apart from irrigation. Although pest,weed and
disease losses can be considerable, (see Chapter 3) pesticide application
is generally low and of poor quality and weeding is usually performed by
hand or by treading into the mud (Table 2.9). 

Table 2.9 Percentage of farmers using pesticides 
(Tongsiri et al., 1975) 

Type Gluti- Non-
 Soy- Peanut Mung- Garlic 
Tobac- Pep- Vegenous gluti- bean 
 bean 
 co per tarice nous 
bles 

rice 

Insecti
cide 5.1 3.2 3.1 9.0 2.2 16.7 85.6 35.0 51.3 

Herbi
cide 5.0 7.7  0.8 - 0.7 - 5.0 2.7 

Irrigation is usually of the ditch and furrow type with splashing tlwater onto the beds in the case of garlic. 
 For rice most farmers attempt
to maintain a depth of 5 to 15 
cms. of water in the field. In the diverlion systems the frequency of irrigation in the dry season is often more 

Best Available Document 
,W%
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as per
the crops' requirementthan on 

on water availabilitydependant 
farmers.ceived by the 

of farm labour is supplied by members 
greatest proportionfar theBy 

even the young children. However,
and includesof the farm household by the use of hiredovercomethey occur, are sometimes

labour peaks, when small 
must be arranged in advance and is normally supplied by 

Exlabour which farm requirements.
who have labour in excess of theiv own 

farmers in almost all villages for wet 
change labour is traditionally practiced 

system a number ofUnder thisand harvesting.season rice-transplanting 
on and receiving aneach other's farms 

people will work together, helping 
own farms in return. For a further
 

of help on their
equivalent amount 
labour see Chapter 6.

discussion of exchange 

'-1 

X 
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CHAPTER THREE 

PATTERN AND PROCESSES : DYNAMICS 

The seasons in the Chiang Mai Valley are
tern of temperature and rainfall. clearly defined by the patin solar radiation Other changes in the hydrological cycle,and other climatic factors during theto the distinction between each season. 
year add further 

I. 
The seasons
 

The Hydrological Cycle
 

The Valley receives an averagecan annual rainfall of 1218be seen in Figure mm. but,mostmonths from 
3 .1a, of this, about 95 percent, falls in 

as 
May to September, the 5the heaviestcoming in August and rain, aboutSeptember. 250 mm. per month, 

season rain The early rain in Aprilin October virtually make and the end-ofup the remainder;November to March are almost completely dry. 
the 5 months from

fluctuates much Potential evapotranspirationless sharply thantranspiration (150 
rainfall. The highest potential evapomm. per month) is at the beginningIt decreases gradually with time to its lowest value (about 100 mm.
month) in December. 


of the rains in May. 
A crude description of water per

from balancethe difference between average can be obtained 
transpiration and, as Figure 

monthly rainfall and potential evapo3.1a shows, the Valley has 6 months a year inwhich rainfall exceeds potential evapotranspiration. 

Water balance has also been definedin each in termsweek the of the probabilityratio of rainfall thatto evapotranspirationthan 0.33, which represents will be greaterthe(Hargreaves, 1975 and Virmani, 
minimum requirement for crop growth1978). Dataestimate this probability for the Valley. 

from 1968 to 1978 was used toFor the most part the probability follows the same pattern as the difference between rainfall and evapotranspiration (Figure 3.1b), but with one critical difference: 
 from Octo
ber right through to early May the probability that there will be enough
rain in each week for crop growth is very low, not more than 0.5% and often
not more than 0.3%. 
 In the 4 week period in andsufficient Mayrain increases June the likelihoodto above 70%, but it ofremain below decreases sharply again70% for 5 weeks in June toand July.ly critical; This 5 weekit indicates the trough is highvery unreliableof the wet season. nature of the openingFor August and rainsSeptember thereliable. rain isThis analysis indicates very much morethat the periodfor crop growth in the Chiang Mai Valley 

of sufficient rainfall 
Valley can thus be 

is less than 5 months andclassified theas a semi-arid area (Troll, 1965).

Additional 
water inthe prolonged dry period 

the form of irrigation is thus required duringfrom mid Octoberweek trough from the middle 
to mid May and also in the fiveof June to the last week of July. 
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Figure 3.a 	 Rainfall ( ) and potential evapotranspiration (..) 
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Figure 3.1b 	 Weekly inttiil probability of rainfall/potential evapotranspiration
 

exceeding 0.33 (Dum-ampal, Unpubl. data)
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AWC 100 mm 

10 
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Figure 3.1c Moisture balance, R-ETP + SM 

(R= rainfall, ETP = potential evapotranspiration, SM = soil 

moisture, AWC = available water holding capacity) 

(Kibreab, Unpubl. data) 
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at other 
In some years supplemental irrigation will also be required 

of the relatively high variability in 
times during the wet season, because 

during the peak wet period, from mid July to mid Sep
rainfall. However, 

in areas wherefor artificial drainage
tember, there is likely to be a need 
natural e-ainage is restricted. 

Proper water management is thus critical for intensive cropping in 

adapted to excess or deficit moisture, augmentthe Valley. Finding crops 
ing sources of water supply, by wells or by tapping shallow'ground-water

tables with deep-rooted plants, and developing practices that increase 
are all required.yield per unit input of water 

Soil Moisture 

Soil type will of course modify moisture availability. In Figure 
assumed idealized soil profiles with homogenous texture through3.1c we have 

out, a deep ground-water-table (greater than 10 m.), no restriction on water 

intake capacity and a moisture extracting depth for the plant root of 80 cm. 
(AWC) for sandy and clayThe theoretical available Water holding capacity 


100 mm and 200 nn respectively.
soils is then 

for the sandy soil there is an excess of 309 mm. of water which may 

be lost to deep percolation, runoff or alternatively may cause water-logging. 
The period of plant growth then becomes extended by about 5 weeks, from mid 

October to late November. For the clay soil, however, the excess water 

to only 209 mm. and te period of available moisture is extended by
aofunts 

from mid October to early January. These calculations give some
10 weeks, 
an extra crop afterindication of the potentiality in the Valley for growing 

rice, in the absence of irrigation or groundwater supply, given improved
 
0il structur.e.
 

R8.iny Days 

in each month follows the pattern of averageThe number oF rainy days 

Onthly rainfall ra.her closely (Figure 3.1d). The period from June to
 

most of the annual rain, also has the highestSePtember, which receives 

hunber of wet days, totalling over 80 days which are evenly distributed
 

wet
0Ong the 4 months. In contrast, there are only 16 days in the six 
Onth period from November to March. 

1ative Humidity 

in the Chiang Mai ValleyRelative humidity is usually very high 
average monthly maximum value ranges between 90-96% for(Nigure 3.1e). The 

and April when it drops to around 83%.%t of the year, except in March 
average monthly minimum relative humidity follows a slightly different
 

definite peak of minimum relative humidity at 67% int1nd. There is a 
a low point of 29% in March with gradual changes in the months 

%llWt and 

between.
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Temerature wnd Solar Radiation 

The annual average temperature over the whole year in the Chiang M1 
Valley is 25.8 0C but there are well defined hot and cool periods (Figure 
3.lf). 

The cool season in the Valley is characterised by low night tempera 
ture. For the five months from November to March the mean monthly minim% 

temperature is never higher than 190C or lower than 13 0 C. The lowest tea 

perature of 60C was recorded for December and January. For the rest of I 
year average minimum temperatures are between 210C and 230 C. During the 
the temperature is high throughout the year. Average maximum temperaturt 
is close to 300C for most months, with a peak of 350 and 360C in March,
 
April and May. Diurnal ranges of temperature (maximum temperature-minimi 
temperature) are largest (over 18 0 C) in the months of July to Septewber. 

Solar radiation in the Valley is ra'Lner high throughout the year 
(rigure 3.1g). It is lowest, at about 13 K cal/cm2/min, in December whi(
 
is in the middle of winter and also in July and August due to cloud covei 
during the rainy period. The radiation peak of 15 K cal/cm2 /min is in 
March. Daylength fluctuates from 11 hours in December to 13 hours in Ju 
(Figure 3.1h). 

The Agronomic Seasons 

In practice, as our survey of the cropping pat-cerns of the Valley 
shows, farmers recognize essentially four ,distinct seasons for cropping 
(Figure 3.1i). They may be characterised as follows:
 

71,e wet season (July/August to October/November)
 

This is the typical paddy rice season. Rainfall exceeds pan evapoi 
tion by over 300 mm for the whole period. There is water surplus in eaci 
month except in November and the probability of sufficient rain for crop 
production over the season is over 80%. Most of the traditional rice cul
 
tivars are sensitive to the daylength shortening from 13 hours at the
 
beginning to 11 hours at the end of the season. Maximum temperature is 
close t6 ,30°C throughout the season, with a minimum temperature of 240C
 
July declining steadily to just under 190C in November. Thus the maturi 
and ripening of the rice crop coincides with diminishing rainfall, lower
 
night temperatures and shortening days. 

The cool season (October/November to March/April)
 

The unique characteristic of this season is the relatively low ter 
perature, particularly at night. While the daily maximum temperature is 

'maintained around 300C, the minimum temperature for the season begins at 
21.50C inOctober and decreases steadily to a low of 130C in January bef 

o4
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a gradual rise to 210 C in Aprili This is the season'with the largest 

diurnal range of temperature, with over 18 0 C difference between the average 

maximum and minimum in both February and March. The probability of suffi

cient rain in each week rarely exceeds 0.2% alAd irrigation is thus essen

tial. Th: . rise in evaporation towards the end of the season, to 200 mm in 

March and April, together with the sharp rise in temperature probably 

determine the length of growing season for cool season crops. Crops grown 

in this season are subject to daylength shortening to 11 hours in December, 

but then the days become longer, to 12.5 hours in April,. 

Cool season crops typically grown in this period are garlic, chilis, 

tomato, onion and cool season vegetables e.g. cauliflower, broccoli, lettuce 
and peas. Tobacco, although not restricted to this season, is widely grown 

as a cool season crop. Temperate crops such as wheat, potatoes and beans 

(Phaseolus vulgaris) have also shown promising agronomic potential (MCP, 
1974, 1975 and 1976). 

The warm season (December/January to April/May) 

Crops grown in this season are subject to low night temperature for 

the first few months. The temperature, however, rises rapidly after 

January, and is maintained around 350 C from March to May. These last 3 

months of the season also have the highest rate of evaporation in the year, 
at 180-200 mm per month. Over the whole season theme is a net water 
deficit of 668 mm and irrigation is essential. Virtually all of the rain 

falls in May, and this is a major constraint to the harvesting of most 
grain crops. Rice, peanut and soybean are grown in this season following 
a late harvested rice. 

The hot season (March/April to June/July) 

vapora-
each 

crop 
a cul-
a 
is 

40C in 
turing 
Dwering 

This season is characterized by uniformly high temperatures, with 

maximum temperatures of 320 to 350 C and minimum temperatures rarely under 
200C. There is a net water deficit in the first half of the season and a 

sUrplus in the second half. The rainfall, however', is highly variable and 

the probability of sufficient rain in each week exceeds 75% for only 4 weeks 

in May and June. Though crops grown in this season are highly dependent on 
irrigation water, the opening rains are also essential, since they come at 

the time when irrigation water from most sources has become exhausted for 

the year. Crops for this season include mungbean, rice, corn shallots and 
vegetables. They are usually grown as a third crop in a sequence following 
a wet season rice crop and a cool season crop. 

2. Cropping patterns 

tem
e is 
s at 
before 

Within our system boundary we have identified over 20 different crop-

P4 systems, having one, two or three crops a year matching the agronomic 

seasons (Figure 3.2). Generally the systems are specific to a particular 
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-' Warm 3eason 
,,,Wet season Cool season -. Hot season Wet season 

Glutinos rice I, 	 . A;B:C;D.E:F. 

Tobacco ""... . 
%% C. 

rR.. 'Rice " 	 F. 

- B;C;D;E; F;H. 

-co ---- 5;C;D;E;F." (ltinous rie l To~. J 	 : :.COE 

Glutinous rice J \ Loybean 	 -.. - :C;D;E;F. 

SGl~utlnou.,.an 	 8;C;D;E;F.rice 

" Glutinous rice I I G&,,lc '._ 5;C1" 

\GM.,o gut rice 'S, ' &n\..ut ",..... .H..H. 

Glk.,non glut. rice JTo cc " 	 H. 

,Glut./non glut. rice .Garlic
 

Gu./o lut. rice Vegietables ",.. H.
.	 % 

Ewfy 	 glutinou rice Chilli popper . B:D. 

Eary glutinous r:e Garlic 	 :C;D;E;F;l. 

i Garlic/ chilli pepper - Relay cro 2. D. 
i I I i I i I I I i I I I 
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Figure 3.2 Common cropping sequences in the Chiang Mai Valley
 

1. 	 Wet season rice crop is not possible due to annual floods. R.I, 

guarantees water for these areas in dry season, 

2. 	Grown on pernanent raised beds.
 

t4
 

U'. 
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I 	 L _ IGarlic 	 gbalo, 

2I Garlic i I .ktbi,_...... 	 D. 

.2. 	 Gali.,, iGne Soybean,''.° D ,r--

Glutinous =,ICe= 	 abclplb~ 	 B. 
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Figure 3.2 (cont.) 	 , 

a. PR-in f ed 

b. Traditional schemes 
c. Mae Kuang 

d. Mae Ping Kao 
I. Mae Fack 

f. Mae Taeng 
9. 	 Dug well area 

h.Tube well, San KamphangTube well, Pa Sang.
 

N.B. In this and all other time series diagrams a standard procedure 
has been adopted to aid in comparisons and to facilitate understand
ing. Within-year mean time-series data have been graphed on a
standardised 18 month cycle, this means that data fo the months of
 

July - December is repeated onceat the beginning and once at the endof the scale. This enables a complete 12 month cycle to be analysed 
and compared fom a numbe of different starting points and in the 
case of cropping patter diagrams also shows tura-aoound time at the 
beginning and the end of the year as well as within the year. 
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location and presumably have evolved to suit particular combinations oftopographic, soil, water supply and socio-economic factors.
likely, however, to utilise a 	 Each farmer isnumber of cropping patterns on his farm eachyear in an effort to more evenly spread his resourcesconsiderable variety exists even 	
and risk, so that e:in regions dominated by one or two majorcrop sequences. 

Rice is the subsistence crop in theonly crop 	 Valley. Itor may be 	 may be grown asit the base around which 	 the .cethe cro)pping patternsGlutinous rice is generally grown 	 are buill 1for subsistence, the main cultivar being
Niaw San Pa Tong. 	

er '
 
However, other rice cultivars, both glutinousglutinous, are extensively used to and non-	 regu.

ping systems. 	 fit the various goals of different crop-For example, Dor Prao nous cultivar which 	
is a short duration traditional glutimatures in about 3 months and is widelyplanning to plant an early cool 	 used by farmers ionseason crop. Kao Dawk Mali isty traditional non-glutinous variety grown 

a high quali-	 9istrphotosensitive 	 mainlycultivars from 	 for cash. The new nonthe Rice Division -	 4istrRD 1 and RD 7 - are used deman
mainly for the warm or hot season when the photoperiodism of traditional
cultivars causes difficulties. The potential for this use of genetic 	

of SJ
 
diversity to cope with ecological patterns 	 most 
only in rice and indeed 	

in time and space is present notthe rich variety of cropping systemsreflects a highly sophisticated utilisation of genetic diversity, 
in the Valley 

area. 

area 
Monocropping 

Where monocropping is practised, primarily on the non-irrigated land, 
 Fack
tho predominant crop is glutinous rice grown solely,for subsistence in the
wet season.In flood prone areas along the Ping River rice is also mono-	
vegetz
 
bages,
cropped, but in the cool season after the water has receded, 
In areas wherewater holding capacity is poor, as in parts of the Mae Kuang Project, tobac-	
Crops.co may be found as a single cropping system in the wet season. 
Tobacco in
this season has a higher quality than when grown in the cool season and
demand is higher. 	 Peanut
Yields, however, are relatively low. 
 rrice c
 
'farmer.Doublecropping 
while

Kao Dai 

The double cropping patterns which are confined to irrigated land in
the Valley consist either of a cool or warm season crop following the wet
season rice crop. Tobacco, garlic or chili-pepper, which establish better 
peanut

under low temperature, are planted immediately after the rice harvest in 
the Ni

early November while soybean, peanuts, water melon and some chili are 
Lai an 
ing cujdelayed until the warm season, being planted after a December harvest from recomm,late December to early January when the temperature is relatively higher.
Non-photosensitive rice varietier RD 1, and RD 7 may be planted as
rice crop, for cash. a second
Transplanting of this crop occurs from mid January to 
 Zj~le
early March. 
 t
 

The" lice-tobacco sequence is common in the upper section of Mae Taeng,
Mae Fack and Mae Kuang irrigation projects. 	 nMost curing barns 	 eaofare located SanE 
ean va 
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and the tobacco varieties, mostly various Coker 
(see Table 2.4)jbthis area 	 although some farmers 

lies from the 	USA, are provided by the curing barns 

local varieties.their own 
area,most common in the Mae Ping Kao 

The rice-garlic sequence is 	
Dor Prao. 

an early 90 day glutinous rice variety such as 
jumers utilising is planted one monthlate October and garlicice is harvested in mid to 

A local garlic variety is normally grown but farm
earlier than elsewhere. for more than a few seasons, preferring to 
;e seldom keep their own seed 

areas often outside the Valley.
their seed stock from otherrgularly renew 

is practiced 	extensively in the lower sec-
The rice-soybean sequence 


tion of Mae Taeng irrigation project, i.e. in Hang Dong and San Pa Tong
 
in the San Sai

and in the Mae Fack irrigation -project, i.e.
districts, to highan important 	 cash crop mainly due
district. Soybean 1.- become 

Section 1). 	 Recent releases 
dmand and government policy (see Chapter 4, 

Department of Agriculture, have replaced
of SJ 1, SJ 2 and SJ 4 from the 

mst of the local indeterminate types.
 

most extensively in the Mae Kuang
The rice-peanut sequornce occurs 

in the Mae Ping Kao 
mea. However 	 peanut is also an important cash crop 

highest yield in the Valley,
Iea on land adjacent to the main canal. The 

is found in the Pra Tu Pa area.'bout 4.4 ton/ha, 

Rice vegetable sequences are localised in the lower parts of the Mae 

rack Project where recent alluvial soils predominate. Some large scale 
orchard nurseries, cab

cultivation is also incorporated in young"getable
bages, lettuce, broccoli, melons and chili-pepper are the main vegetable
 
Crops.
 

cropping in the San Kamphaeng tube-well area consists of rice-
Double 

'anut, tobacco, garlic, chili-pepper and vegetables such as cabbages. Two 

be in the wet season, depending on farm size; 
rce cultivars 	may grown 
hrfers may allocate 5-8 rai to the glutinous Niaw San Pa Tong variety, 

ile the remaining plots are planted to non-glutinous, good eating quality 

0 Dawk Miali 105 variety. 

In the Pa Sang tube well area double cropping of rice-garlic, 
rice-


The wet season rice crop is not planted entirely to
'e'nut is practiced. local varieties such as Dor
he Niaw San Pa Tong cultivar, some indigenos 

,ai and Dor Leuang, which are early to medium maturity types are still be
9, the cultivar

[49 cultivated. The peanut variety is now mostly Tainan 
of Agricultural Extension.CecOMended by the Department 

e Cropping 

Most triple cropping systems arise simply by adding 
a third crop to
 

of the double cropping sequences described above. For example in the 

SSang tube well area mungbean (utilising the local "Golden Podded" mung
areC'1*vaiety which requires 6 to 7 pickings), or rice or shallots added 
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In the Chomthong area, where traditional irrito a rice-garlic sequence. 

gation systems are the only source of water supply, rice or mungbean is 

added to a rice-garlic sequence or mungbean to a rice-soybean sequence.
 

Farmers here grow various glutinous rice cultivars in the wet season; for 

instance, Niaw San Pa Tong, Meuy Nong and Leuang Yai, all of which are 
Harvest for these cultivars does not begin
photosensitive late varieties. 


until late November, no matter how early in the wet season they are trans

planted (Rerkesem, Unpub. data). Garlic bulbils for planting in December
 

are obtained mainly from Mae Hong Sorn Province, while the hot season rice 
crop is planted to RD 1, RD 7 and glutinous RD 2 varieties.
 

Triple cropping in the Ban Hong area, based on shallow dug wells, is
 

mainly rice-vegetables where vegetables are grown continously after the wet 
season rice crop. There is also some triple cropping adjacent to the main
 

canal in the Mae Ping Kao Project, based on soybean which is planted on
 

permanent 3-metre beds in the wet season. The crop is harvested in October
 

and is immediately followed by an early garlic crop. The third crop is
 
either vegetables, ginger or chili-pepper which is relay-cropped into the
 
garlic plot when the latter is about two months old.
 

3. Prices, credit and labour 

Seasonal Price Movements
 

Prices of most agricultural products in the Chiang Mai Valley vary
 

with the season, some more markedly than others (Figure 3.3).
 

Because of the good transport network, there is ready movement of
 

agricultural products between Chiang Mai and adjacent provinces and large 
towns in the north and Bangkok. This means that supplies of crops such as 
paddy, peanuts, soybean, mungbean, garlic and some vegetables can be ab
sorbed very rapidly and in the case of paddy and vegetables importation can 
often occur quickly enough to meet zhanges in supply and demand. For most
 

crops, with the notable excepti6n of garlic and vegetables, prices in
 

Chiang Mai are thus closely tied to a country-wide market and in particular
 
to Bangkok prices.
 

For most storable crops, the prices are lowest shortly after harvest
 

and highest during the growing season. For example the price of paddy
 

(traditional or "yellow" varieties) is highest in September and October an

starts to decline in November when paddy begins to be harvested in some
 

parts of the Valley. The minimum price of yellow paddy occurs around Marc 
(Figure 3.3a) and the minimum price for RD rice varieties is in June or
 

July (no RD variety price data is available for January to March since onl
 
a few farmers grow these varieties in the wet season). 

Prices for unshelled peanuts are highest in April and start to decli
 
when peanuts are harvested in June and July. The price begins to 'rise ag 
-in September but the increase is not maintained (Figure 3.3b) because wet 

season peanuts come onto the Chiang Mai market in November and peanuts
 

'a number provinces begin to enter the Bangkok market during this perio.
9 

I
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Figure 3.3 	 Seasonal price indices of selected crops in Chiang Mai, based
 

on the average price. Mungbean prices are for Bangkok
 

(Wiboonpongse, 1979)
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season soybean in April. The price then
Farmers market their dry 

at the beginning of July (Figure 
tarts to rise in May and hits its peak 

The low prices in October occur because this is the time when 
soy

.3c). 
 it is grown as a wet 
Dan is harvested in nearby Sukothai Province where 

Bason crop. 

of mungbean prices is described for BangkokThe seasonal movement 
is of Chiang Mai wholesale pricesFigure 3.3d) which in turn the basis 

The lowest price is in January while the
Riboonponse and Thodey, 1974).

in September.

ighest is 

The seasonal pattern for garlic (Figure 3.3e) is, however, very pro

ounced largely because Chiang Mai and Lampoon are the main garlic produc
unaffected by production elseng areas of the country and the market is 

here, unlike the situation for other crops. The minimum price is in 

crop starts coming on to the market and the maximumebruary when the new 

s in November and December when there is an additional demand for seed.
 

Vegetable prices also show very marked seasonality because of their 
3.3f-g). Vegetables are produced1gh dependance on local demand (Figures 

U the year round but in general the weather is more favourable for 

getables grown in the cool season, and the market thus tends to be flood

idin late February and March, suppressing the price. High prices tend to 

Iccur from July to November. 

easonal Cash Demand 

In the Valley, cash is required for such production expenditures as 

lired-labour, seed, fertilizer, chemicals, insecticides and farm equipment. 

by the farmer's own savings or by borrowingrhis requirement is either met 
EPom local money lenders or from institutions such as the state owned Bank 

)f Agriculture and Agricultural Cooperatives, commercial banks and farmers' 

-peratives. For tobacco growers, credit is also available through their 

onftract with the processing factories, both in cash and in the form of 

inputs. 

at any time during the year toInstitutional credit is available 
farmers upon a security pledge or group guarantee basis, and upon the bank's 

"Valuation of a farmer's repayment ability. The demand for cash and hence 
the provision of production credit varies with the crop and is generally 
higher for cool season crops (Table 3.1). 

for some crops (e.g.Table 3.1 also indicates that the maximum credit 
galic, peanut and tomatoes) may be lower than the actual requirement level. 

rlic is highly labour intensive, requires fertilizer and insecticide and 
Peanut growers have to hire labour to preparegrlic seed is expensive. 

seed and fertilizer. Tomato cash requirementsthe beds and need to purchase 
Smostly for fertilizer and insecticide. The difference may be made up 

credit management.L4 farmers' own funds, additional borrowing, or cash and 
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Table 3.1 	 Credit demand and maximum credit given by 
the Krung Thai Bank. 

Maximum credit Actual cash 
Crops available expenditures 

(Baht per rai) (Baht per rai 

Wet season rice 500 220
 
Dry season rice 500 196
 
Garlic 1,500 2,217
 
Soybean 400 412
 
Peanut 500 802
 
Tobacco (own fertilizer) 1,000 l,O00
 
Tomatoes 500 595
 
Chili green pepper 400 202
 
Cabbage 	 500 212
 

Calculated from cash expenditures of farmers in Ban Mae Kuang
 
and Ban Ham Kaew villages by the MCP.
 

Although credit is given on a component crop basis and is to be
 
repaid after harvest, credit can be extended to cover several crop seasc
 
with up to a one year repayment term. In multiple cropping, cash and
 
credit demands are largely determined by the second and third crops; 
farmers may choose to borrow the total aanual requirement or may manage 
their farms in such a way that cash sales from one crop can be used, 
totally or partially for production expenditure on the following crop or
 
crops.
 

Figure 3.4 shows that the major peaks in cash demand occur around 
November/December due to the high-input, high-return nature of most cool 
season crops. Also apparent from the Figure is the way in which increas
 
cropping intensity tends to increase cash requirement peaks. This is dul
 
to the inverse relationship between cropping intensity and turn-around t 
which causes harvesting costs of one crop to be incurred at the same tim 
as irfput costs of the following crop. This factor strongly influences t 
cool season peak because, as was shown in Figure 3.2, it is at this time 
when the shortest turn-around period generally occurs.
 

For these reasons the tightest time for cash for farmers in the
 
Valley could be expected from late in the rice crop to early in the cool 
season. Indeed the large number of second-hand consumer durables appear 
for sale in the village markets at this time of the year lends additiona
 
support to this conclusion. 

A 
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Figure 3.4 Cash expenditure profiles for some cropping systems in Ban 

Han Keaw and Ban Mae Kung for 1976-1977 
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Seasonal labour demand. 

Labour utilisation varies by crops and level of management. Figiwe3.5 shows the labour profiles of eight multiple cropping systems developed
by the MCP and six traditional systems.
 

Of the eight introduced systems, the rice-peanut-tomato sequence hasthe highest peak labour demand (180 man hours per rai) when farmers prepar
the land and plant tomatoes. 
 High peaks also occur in sequences with garlic (140 man hours per rai for land preparation and planting) and in sequences with peanuts where 90 man hours per rai are required for harvest
ing. Less dramatic are the labour fluctuations for the rice-soybean-sweet

corn and the rice-soybean-chinese cabbage systems which have peak demands
of only about one third of the rice-peanut-tomato system.
 

In the traditional systems the highest peak is 145 man hours per rai(rice-tobacco-chinese cabbage) which is still 23% lower than the peak
labour demand in the MCP systems. In general the introduced systems
require 
more labour in the peak periods than traditional cropping systems.
Some of the introduced crops (e.g. tobacco and peanut) also have peak
labour requirements at times different from those of traditionally growncrops and the question is whether farmers can reallocate their labour to
meet the new peak demand and whether there is enough hired and/or exchange
labour to help in the operations. Farmers may be able meetto peak labourrequirements but often at a substantial cost. Intensive multiple croppingsystems are only possible when there is fast turn betweenaround one cropand the next. As can be seen from the Figure, the critical bottle-necklies between rice harvesting and the second "Crop planting, and is generallimore pronounced in the more intensive and the potentially more profitable 
systems.
 
4. Long term changes 

Cropping Patterns. 

Over the past eight years there has been considerable increase in
cropping intensity in the Valley as a whole (Figure 3.6). 
 This has undoubtedly been due, 
at least in part, to the opening of the Mae Taeng
irrigation scheme in 1971 and thus changes in cropping intensity will var
greatly between the different sub regions within the Valley.
 

Figure 3.7 shows trends in the relative importance of the major cro
 grown in the RID irrigation areas. 
 The major changes occur post 1970 and
may also be influenced by the opening of the Mae Taeng irrigation system.
Indeed the crops showing the most dramatic increases, rice and suybean
could be expected to be natural choices for farmers adopting multiple
cropping for the first time 
as both can be merely 'tacked' on to the

traditional rainy season rice crop without necessitating any change in
practices in that crop. In addition neither crop is likely to cause
se'ere management problems for a new multiple cropper as the management olsoybeans is very simple and all farmers are familiar with the rice crop.In the case of peanuts which shows the most dramatic decline in relative 

f. 
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proportions the actual area planted, although also declining, is not nea 
so dramatic. Thus the decline in relative proportion of peanuts may be
 
part due to the increase in other crops.
 

Population
 

The national population growth rate was greater than 3% per year,
prior to the 3rd National Development Plan (1972 - 1976) when a populatil
policy was first officially accepted. The rate effectively reduced to 2 
per year during the period 1970 - 1974. The population in Chiang Mai an,
Lamphun Provincus, however, has expanded at a rate much slower than the 
national average, as a result of rapidly declining birth rates (Figure 3,
Death rates in these two provinces have also been low but birth rates hai 
been about half the national average (Table 3.2). The population in 
Chiang Mai is expected to rise at a faster rate than in the past 15 year, 
from 1976, however, not because of a high natural growth rate but becausl 
of anticipated in-migration. 

Table 3.2: Demographic statistics for Northern Thailand (1970-74).
 

iI 

Whole Country 

l/ 

Northern Region 

2/ 

Chiang Mai 

3/ 

Lamphun 

Birth rate 

(%) 
3.76 3.74 1.99 1.79 

Death rate 

(%) 
0.91 1.18 0.70 0.71 

Growth rate 

(%) 
2.85 2.56 1.29 1.08 

Sources: 1/ Population and Manpower Planning Division, National 

Economic and Social Development Board. 

2/ Statistical Division, Ministry of Public Health. 

3/ Statistical Year Book, Lamphun Province, National 
Statistical Office. 

The low birth rate during 1970-74 partly explains the sudden drop
dependency ratio of the Chiang Mai population, from 100 : 107 in 1970 to
 
100 : 61 in 1978 (Population Census, National Statistical Office 1970;
 
Labor Force Survey, Chiang Mai Provincial Labor Office, December 1978).
However, the move into the Province of adult labour may be a contributol 
factor (The dependency ratio here is defined as the proportion of the 
population in the working group (11-60 years of age) to the rest).
 

re 
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The growth rate has also varied greatly between different amphiz
the Valley and there have been marked year to year fluctuations in the
growth rate 	within amphurs. 
 This suggests an unsystematic migratory M
rent within the Valley, since birth and death rates generally change e
ly from year to year.
 

During 1970 

Chiang Mai, 

- 1974 the population expanded most rapidly in MuangMae Rim, and Chomthong, at average annual rates of 4.79, 3,
and 3.08 respectively. In 
rate of 0.41 percent 

Mae Taeng, however, there was a negative grper year. Saraphi and Hang Dong had growth ratesless than 1% a year, whereas all other amphurs had growth rates in the
neighborhood of the valley's average (Table 3.3).
 

Table 3.3: 	 Annual population growth rate of Amphurs inthe Chiang Nai Valley. 
Amphur
average 
 1960-.1970 1970-1972 1972-1974 1970-1974 

Muang Chiang Mai 
 3.718 
 6.429 
 2.801 
 4.795

Chomthong 
 2.414 
 -1.532 
 7.947 
 3.086
Doi Saket 
 2.057 
 1.747 
 1.085 
 1.435
Mae Taeng 
 2.497 
 -0.694 
 -0.131 
 -0.411
Mae Rim 
 3.372 
 6.380 
 0.938 
 3.719
San Khamphaeng 
 2.324 
 2.6E2 
 0.736 
 1.719
San Sai 
 2.310 
 4.035 
 0.242 
 2.148
San Patong 
 1.966 
 0.593 
 2.061 
 1.339
Saraphi 
 1.466 
 0.999 
 0.019 
 0.490
Hang Dong 
 3.035 
 0.515 
 0.836 
 0.680
Muang Lamphun 
 - 0.245 
 4.659 
 2.196
Ban Hong 


0.687 
 2.094 
 1.405
Pasang 
1.526 1.896 1.740 

In general 
in 	

the total number of agricultural householdsthe Valley with 	 the exception of 4 Amphurs, 
has decrasi 

being in Chomthong. 	 the most notable increase,In terms of percentage of total households however
decrease occurred in all Amphurs with the notable exception of
once again in Chomthong (Table 3.4). 4% incre 
been in Amphurs The most dramatic decreases haveMuang Chiang Mai, Mae 
has been a 	

Rim and San Khamphaeng where theredrop of 20% 	in 7 years (Table 3.4). 
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Table 3.4: Changes in agricultural households in the Chiang Mai Valley. 

Agricultural households 
Amphur Total Number As percentage of total

households 
1963 1970 1963 1970 

!:uang Chiang Mai 4,543 2,781 23.72 9.84 
Chonthong 7,186 9,269 66.07 70.48 
Doi Saket 7,009 6,696 76.84 62.09 
1ae Taeng 6,487 7,55 66.06 63.57 
Hae Rim 5,772 4,885 72.74 49.64 
San Khamphai -- 8,434 7,690 73.46 58.09 
San Sai 7,137 6,234 71.37 49.86 
San Patong 11,858 12,258 71.59 64.17 
Saraphi 7,343 6,526 66.25 55.86 
Hang Dong 5,502 6,048 66.41 60.92 
Muang Lamphun - 14,279 - 60.75 
Ban Hong - 48,930 - 73.43 
Pasang 

- 9,761 - 74.46 

Source: 
 National Statistical Office.
 

Projections of future population trends in the Valley depend on the
analysis and interpretation of the dramatic demographic changes that haveOccurred over the past 5 to 10 years. Figure 3.9 shows the age andStructure as censused in the sexpopulation
1970. As 

of the Chiang Mai Changwat incan be seen the largest proportional
and 5-7 year age 

age classes are the 10-14classes. The smaller proportional sizeClass is evidence of the decl~ning birth 
of the 0-4 age

rate reported in Table 3.2. ThisPercentage dropped from 17% in 1960 to 12.1% in 1970. 

A more up ,o date picture can be obtainedShows the age pyramid from Figure 3.10 whichfor the villages of Dan Han Kaew and Ban1976. These Mae Kung inare only small sample sizes and so the data should be treatedWith caution. Nevertheless they show a continuing dramatic decline inrate, with the 15-19 year age class occtLying the largest proportion
Of the population and subsequent age classes each smaller than the preced4 one. "he natural growth rate 
)37% 

of the population of the villages is only(Social Science Research Centre, 1979). 
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It is generally considered that the decline in birth rate is due t
 a real decline in the fertility rate in the Chiang Mai Province
(Pardthaisong,1978). Supporting avidence comes from the decline in the
proportion of third and higher order births, with an increasing number owomen in the 25 to 29 age group having families of only one or two child. ren. The total feitility rate in the Province is estimated to have fall(by 40% between 1960 and 1975 (Figure 3.11). The pattern is similar for
 
Lamphun Province.
 

There is little evidence of changing nuptial patterns to account fcthis dramatic decline and it appears to be most likely a function of increased acceptance of family planning, particularly injectable contraceptives. Family planning programmes have spread widely throughout the Valland surveys show that the proportion of new acceptors in the highestfertility age-group (20-29) increased from 51% in 1970 to 67% in 1975. 

For the future if the fertility rate remains at its present level wmay nevertheless expect a sharp rise in birth rate over the next 5-10 yeabecause of the large number of 10-19 year olds reaching child bearing age(see Figures 3.9 and 3.10). However, the birth rate will then once againdrop as the current 0-10 year olds also mature and is likely to continuedo so, with mild fluctuations, at a rate which depends on the continued
 
decline in fertility.
 

The implications for multiple cropping may be considerable. While
the laDour force may remain relatively large, primarily due to the matur
ing of the current 10-19 year old group, there will be a sharp decline in!rural labour, probably accelerated by urbanization, toward the end of teicentury. 
This shortage may become a serious inhibiting factor to the intensification of the, necessarily labour-demanding, cropping systems. 

Farm Size 

Since data on average farm size at Amphur level are 
not available,
land holding size is taken as representative of farm size. 
 This by defi.
nition comprises the farm land and the homestead occupied by a farm fami

In rural Northern Thailand farm fields are typically separated from the
homestead area and houses are clustered in the centre of the village, sta
rounded by the farm land (see Figure 2.15). Houses and farm are usuallywithin walking distance, however. New houses for new families are normally built on the parents' homestead rather than on the farm land and thuschange in land holding size is a good indicator of change in farm size. 

In the period of 14 years between 1963 and 1977 average land holdiqsize per farm family in most Amphurs of the Chiang Mai Valley declined,
except for Chomthong. 
However although there has been a reduction in fasize, cropped area generally increased during this same period (Tabie 3.5j 

i 

fo 
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Table 3.5: Long term changes in average holding size and 
cropped area 
by Amphur.
 

Holding size
(rai/failv) Cropped area( rai/ffmily )
1963 
 1977 
 1963 
 1977
 

Muang Chiang Mai 7.27 6.00 6.30 12.62 
Chomthong 6.22 7.04 5.10 8.70 
Doi Saket 8.47 5.40 7.00 8.22 
Mae Taeng 6.80 5.70 5.10 7.27 
Mae Rim 6.55 5.70 5.90 5.85 
San Khamphaeng 10.18 9.83 9.40 15.49 
San Sai 8.84 5.12 7.40 12.24 
San Patong 6.26 4.74 5.40 7.84 
Saraphi 7.06 5.25 6.50 6.06 
Hang Dong 7.40 4.79 6.40 7.25 
Muang Lamphun 9.66 8.47 8.70 10.74 
Ban Hong 7.35 5.20 5.90 5.94 
Pasang 7.59 na 5.90 8.45 

overall 
 6.83 6.70 
 6.60 
 8.97
 

Source: 
 National Statistical Office.
 

Farm Size and Urbanization.
 

Urban growth can either maintain or decrease farm size.
poor migrants The flow oto the towns may reduce rural populatimaintain density and henofarm size since there will be less fra-mentationhabitants remaining. and fewer in-However, the territorial 6zrowth of urban centres maqreduce farm size as the price of land near the outskirts of the cities
increases, causing farmers to sell their ic d and purchase new land in
remote areas. 

Although at the present time there is no study available of the gre
of the principal cities of Chiang
that in the past 

Mai and Lamphun Provinces, it is evidenfew years many housing projectsindustrial factories have 
new as well as small scabeen erected on the outskirts of Muang Chiangand on the Chiang Mai-Lamphun Highway. 
A substantial amount of farm landl
along the roads connecting Muang Chiang Mai-Hang Dong, MuangMae Rim, and Chiang Mai-Muang Chiang Mai-Saraphi is now convertedareas and factory sites. into residentialAmphur Doi Saket, where a new highway passes 
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arough, may soon lose farm land in the same way. The expansion of Muang
:iang Mai thus, has an impact on farm size in all the neighboring
 
kmphurs. 

iarm Size and Migration. 

Knowledge of migration movement is almost equally inadequate. In
 
the 1970 population census Chiang Mai Province is reported to have had, in
1965-1970, a net migration of about 36,000 persons from other provinces
and about 500 from foreign countries, while its internal migration figure 
was about 36,000 persons. The census however gave no information on 
origins and destination nor the professional status of the migrants. When 
looking at the sectoral growth of the Chiang Mai economy where the value 
added has been increased most rapidly in trade, banking business, tran
sportation and services since 1970 (National Income Statistics, various 
issues) it appears that in-migration, both inter-and intraprovincial, is a
function of the expansion in trade and service-related industries in the 
city, and the migrants are thus likely to be composed more of professional
and skilled labor than farmers seeking new jobs.
 

The result of a recent study on labour movement into Nuang Chiang Mai "', '", 
gives partial support to the above assertion (Tongchai and Chiwat, 1978). 4 
This study reveals that of workers from upcountry, 50% are presently employ
ed in the service sector, 25%, in production and 24%, in the trade sectors. L. 
H1st of the labourers come from Amphur Mae Rim, San Khamphaeng, and Saraphi. "I 
There are more male workers than female, mostly prathon 4-7 graduates, in 
the 20 -24 age group and they have been workizig for about 4 years.. 

Prices 

(a) Chemical Fertilizers. The average amount of chemical-fertilizer
use in Thai agriculture is very low. It iuas .1out 3.8 kg per rai, averaged
for Thailand's total planted area, in 1972; in other- Asian countries the 
Nate is 9 kg per rai (FAO Annual Fertilizer Review, 1975). 

The use of fertilizer is dependent almost exclusively upon the value/
COst ratio of crop production, providing that other factors such as the 
availability of money, input supply and water are not constraints. A value/ 
eost ratio of 2.00 is suggested by the FAO as a minimum. level that will 
1'4dUce farmers to apply chemical fertilizer. This high value arises
because profit alone is not sufficient an incentive for the farmers; they 

to look at total income, stability of product prices, as well as othert'i8k factors before making the investment. From a study by the Rice Divi
. 'n and Agricultural Economic Division on fertilizer response and value/

t ratio for various crops, the result indicates that no single crop has 
41'Atio higher than 2.00 (Table 3.6). 



Table 3.6: 
 Production costs and returns from the application of chemical fertilizers.
 

Incremental yield Price Cost of 
 Incremental Cost of
Crops 	 Value/
per kg.
of fertilizer received fertilizer value/cost production
by farmers (Baht/kg.) 	 cost
ratio (Baht/kg.) ratio
 
use (kg.) (Baht/kg.) (1977)
 

Rice (wet season)
 

Central 
 8.45 2.40 3.70 5.51 
 1.90 1.26
 
North 
 4.37 2.40 3.70 2.83 
 1.24 1.94
 

r-. Northeast 
 3.48 
 2.40 3.70 2.26 
 2.15 1.12
 
South 
 2.64 2.40 3.72 
 1.71 2.20 
 1.09
 

Rice (dry season) 6.54 2.40 
 12.50 5.81 
 1.65 i.45
 
Maize 
 37.59 
 1.95 	1/ 12.50 5.86 1.38 1.41
1/

Sugarcane 
 0.09 275.00 --
 2.50 10.38 147.00 - 1.87 
Soybean 4.0 
 5.00 17.50 1.14 3.65 
 1.37
 

1/ Unit : Baht/ton
 

Source 
 : Facts and Recommendation on Fertilizer, Ag. 
con. Div.,

Ministry of Agriculture and Cooperatives. April 1978.
 



79 

It is also clear from Figure 3.12 that as the product-pice/fertili
zer-price ratio becomes unfavourable the use of fertilizer in agriculture. 
declines. 

The supply of chemical fertilizer for agricultural use comes from
 
two sources, imports constituting about 80-90% and local production about

10-20% of the total annual utilization (Table 3.7). Overall there has

been no increase in fertilizer 
use over the past ten years and there is 
even evidence of a decline from 1974 to 1976. 

Long term price movements of fertilizers in Thailand have followed
world market price trends. Prior to 1972 prices changed very little from 
year to year, but after the worldwide energy crisis in 1972-73 prices of
fertilizers increased steeply. Prices in Thailand are also determined by
government policy and intervention regarding production and trade. Figure
3.13 shows average annual retail prices of major fertilizers in Chiang Mai,
Lamphun, Chiangrai and Mae Hongson markets and also indicates the periods
during which the government exercised various fertilizer policies. A sig
nificant proportion of fertilizer applied either directly or indirectly is

in the for- of animal manure (see Table 2.7). Thus any trends in increas
ing farm inechanisation at the expense of armal power may thewell affect 
demand for artificial fertilizer. 

(b) Fuel
 

Fuel oil prices, although fixed by the Government, areclosely related to world prices. There has been an average increase of
about 10% per year since 1970 (Figure 3.14) with a major jump of over 30% 
in 1979 and a jump of similar magnitude early in 1980. 

(c) Commodity prices
 

The wide fluctuations in the prices of agricultural commodities are probably due to the fact that supply and demand for agricultural
P~oducts are both relatively inelastic in the Valley. The supply of agri-Cultural commodities changes over seasons and over years but demand for
these commodities is relatively stable. These price changes can be charac
terized into four components: seasonal, trend, cyclical and irregular
Changes. Seasonal changes have to earlier in thebeen referred Chapter.
The analysis is based on the monthly wholsesale prices at Chiang Mai and
 
Bangkok. 

Data are available to analyse the long-run price movements only for
Paddy, peanuts, mungbean, soybean and garlic but even these are inadequate 
to fully illustrate trend and cyclical changes. Given this limitation, the*SUlts show that there were slight increases in nominal prices for all ofthese commodities over a period of 10 years or more (Table 3.8). The aver

e annual increase in Chiang Mai, approximated from a linear trend funcon for 1975-76, for paddy was 102.72 baht per ton (10.27 baht per quintal) 
01 12.6%, The average annual increase during 1974-76 was 22.08 baht/quintal(10.6%) for peanuts, 25.68 baht (25.68%) for soybean and 30.5 baht (8.16%) 
rgarlic. The average annual increase during 1967-76 in the Bangkok price 
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Table 3.7 Utilization of chemical fertilizer in Thai agriculture, 1967-76. 

Year 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

Imported fertilizer (tons)-
Nitro- Phos- Potas- Others 
gen phate sium 

57,485 89,303 3,259 67,897 

46,576 134,294 3,858 80,760 
25,781 125,752 2,750 11,346 

11,812 79,991 3,963 153,848 
53,414 53,262 4,781 121,836 

39,250 116,356 6,403 225,313 

37,655 70,224 13,224 272,612 
51,614 36,009 10,920 240,044 

86,068 900 25,980 312,287 

Total 

217,944 

265,488 

265,629 

249,614 

233,293 

387,322 

393,715 

338,587 

425,235 

Locally b/ Fertilizelr-
manufactured:- used (tons)
fertilizer 
(tons) 

36,561 252,470 

28,867 291,729 

20,449 282,775 

45,648 290,155 

53,289 280,681 

43,384 400,527 

38,248 381,032 

26,315 230,000 

97,000 261,324 

Farmn b 
holding-
area 
(rai) 

82,963,561 

85,782,143 

89,064,859 

92,833,110 

98,563,072 

104,499,403 

113,094,931 

114,546,693 

116,281,999 

Rate of 
fertilizer 
use 
(kg/rai 

3.04 

3.40 

3.17 

3.13 

2.85 

3.83 

3.37 

2.61 

2.25 

Sources: a/ 

b/ 

Division of Agricultural Economics, Agricultural
Statistics of Thailand Crop year 1975/76,
Agricultural Statistics No. 54, 1976, p. 131 
(From January to November). 
Division of Agricultural Economics, Agricultural
Economic paper, No, 84, 1978. 
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for mungbean was 10.92 baht per quintal(3.52%). 

Table 3.8: 
 Linear trends fitted to monthly nominal
 
prices of selected crops.
 

Dependent Tread - 2 Time No. of 
variable Constant Coefficient 

(month) 
t R Period Obser

vations 

Paddy Price 788.99 8.56 13.43 0.51 19r5-76 120 
(0.70) 

Peanuts 132.52 1.84 16.69 0.64 1964-76 156 
(0.11) 

Mungbean 189.10 0.91 12.52 0.40 1967-76 240 
(0.09) 

Soybean 129.60 2.14 17.05 0.65 1964-76 156 
(0,13) 

Garlic 564.77 2.54 2.05 0.15 1964-76 156 
(1.24) 

Note : Figures in the parenthsis are standard errors. 

Source : Wipoobongse et al., 1979. 

When weighted by the consumer p:ce index for food in order to givetrends in the levels of real prices over the period (Table 3.8) the lowvalues of It' and 'R 2 ' indicate that no significant trends have taken plac 

The long term price changes of some crops are illustrated in Figure3.15. 
 Each crop has a quite distinctive pattern with high irregularity in,
peanuts and chinese cabbage and greater regularity in soybean and mungbeanI
Garlic and tomato fluctuate widely, but with reasonable seasonal regulari 

S. Stress and perturbation 

Factors which adversely affect agricultural production may behave in one of two ways Stress factors typically act with low to moderate intensity and act eicher continuously or with frequent regularity. Examples of 
stress factors include: 

1) low pH, nutrient deficiencies and toxicities
 

2) regular, predictable flooding 

http:quintal(3.52
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3) uneven water supply from irrigation canals 

4) variable seasonal market price fluctuations for certain crops
 

5) annual, expected pest disease and weed damage in a crop.
 

By contrast a perturbation factor is one which operates with high irtensity or considerable force and occurs infrequently or largely unpredici
ably. Examples include the following examples:
 

1) major unpredictable flooding
 

2) major, unpredictable drought
 

3) major, infrequent pest and disease outbreaks 

4) sudden dramatic price changes e.g. in oil price
 

5) serious illness of a farmer or his family 

Stress is 
a common, accepted fact of agricultural life and farmers
 
evolve ways of coping with stress factors. For example, in Amphur San

Patong along the banks of the Ping river a double rice cropping system ha,been developed which fits between the flood periods (see Figure 3.2). By
contrast major perturbations are usually so 
infrequent or so unpredictable

that the farmers have only partially adapted to them or have no defense at

all. 
 The consequence of a major perturbation is thus often a major dis
aster for the farmer in termrs of crop loss. Table 3.9 shows the percent
age of wet season rice lost as a result of such major perturbations. 

Table 3,9: Proportion of rainy season crop (rice) lost due
 
to flood, droughts and insect outbreaks * in the 
RID projects (Sektheera and Thodey,1975). 

Year Total area planted! Area lost Percentage Cause(rai) (rai) Percentage Cause
 
1963 170,460 4,534 
 2.66 Flood
 
1964 170,460 0 0 
 -
1965 170,460 1,962 1.15 
 Flood
 
1966 241,450 
 541 0.22 Insect
 
1967 314,376 21,360 6.79 
 Floods
 
1968 309,351 
 850 0.27 Drought

1969 305,925 12,139 3.97 Floods + Insects
 
1970 298,917 10,212 3.42 Floods
 
1971 306,339 3,505 1.14 
 Floods
 
1972 303,504 0 0 
 -
1973 308,742 38,140 12.35 Floods
 

The damage due to insects is probably attributable to climbing cutwo 
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Seasonal Stress 

The seasons in the Valley are very sharply defined and crop yieldsare thus often highly sensitive to date of planting. The yield of rice,both traditional and new improved Rice Department varieties, decreasessharply when planted after rid-August (Rerkasem, unpublishedsuspected data). It isthat low night temperatures during 'reproductive developmentflowering may be responsible and
for these yield, reductions. Garlic alsoyields poorly when planted late in the cool season (MCP, 1976) but herepreliminary studies indicate that increasing evapotranspiration may be asimportant as the rising temperatures in r'educing yields. Extensivestudies have also been made on the effects of planting dateof sunflower and peanuts; the former is much more 

on the yield
sensitive to plantingdate than the latter (Figure 3.16). 

Climatic fluctuations at the beginning and end of each season also
often contribute to reductions in crop yield in the Valley. 
Since the
water used for irrigation has to be replenished each year by the actualrainfall, virtually the etire Valley affectedis
wet season. At this stage the crop 

by a late start to therice is still in the rursery. Whenthe season finally breaks, about the time of transplantin, there is oftenthen too much water. Farmers have learnt to cope with this by transplanting rather old seedlings, up 35-40to 
constraint to the adoption of new, 

days old. This becomes an important
improved semi-dwarf rice varieties
which are recommended for transplanting at 20 days.
 

Irrigation systems in the Valley currently operate with no storage
reservoir and the pressure for increasing cropping intensity causesfarmers to moregrow crops in the dry season than there is watergation (see Table 2.4). Water thus 
for irri

stress becomesend acute even before theof the cool season in some areas. For the warm season many farmersinsist on growing another crop of rice, which to the wateradds strain onsupply. Water disputes increasingly constitute seriousa social problemin the Valley, more especially in the RID systems. 

Sol Stress 

As indicated earlier (see Table 2.1) the major soils of the area,
the Hang 
 Dong and Lampang series, are old tropical soils. They are low in
organic matter and in stable aggregate content and are thus very hapd whendY. They have moderately-pood to poor internal drainage and fair to goodWter infiltration. They are low in macro and micronutriernts. 

Multiple cropping in the past has been on the recent river alluvials
hich are better structured and fertile,more partly as a result of rainyeason flooding and partly from the addition of animalJang Dong manure. However ont.e and Liampang soils good yields depend on frequent fertiliza
tiOn. Experiments at the MCP plots and in4tions df farmers' fields suggest appli50-150 kg/ha of nitrogen as optimal for non-legume crops (Table
3'10). However only cabbage soybeanand responded to phosphorus and only 
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te latter to potassium (Table 3.10). 
 Micronutrient studies show responses
if peanuts to boron, copper and calcium but not to other micronutrients
 
Table 3.11).
 

Table 3.10: 	 Optimal fertilizer levels obtained by

experiments on farmers' fields and at
 
MCP experimental plots (San Sai Soil).
 

Fertilizer kg/ha 
Crop 
 Soil type N P K Reference
 

Rice RDI 
 Hang Dong 120 0 0 
 Sanmaneechai, 1974
 
Boonduang, 1974
 

San Sai 120 
 0 Senthong, 1974 

San Sai 	 50 0Corn 0 Wivutvongvana, 19-74 
a 

Cabbage San Sai 
 60 60 
 0 

Garlic San Sai 
 150 	 Wivutvongvana, 1974b
 

San Sai 120 
 Wivutvongvana et al, 

1975
 
Soybean 
 San Sai 20 120 30 Nalampang, 1974
 
SJ 2 

Sesame San Sai 
 30-60 
 Julsrigival, 	1975
 

Table 3.11: 
 Optimal levels of micronutrient application
 
obtained at the MCP experimental plots

(San Sai Soil Series). 

Grams/ha
 
Cop 
 Boron ICopper Manganese Calcium 
Zinc Sulphur Reference
 

,ean
nutsj_
 

ki Red) 300 300 0 
 10,000 0 0 Hobbs, 1974
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In the Ban Pa Mark study (Thodey et al., 1974) it was shown that MOB,
farmers use some form of fertili7er on their crops. Animal manure is 
 most 
commonly used on wet season rice, soybean and 	peanut and chemical fertili. 
zer 	on dry season rice and garlic (Thodey et al., 1974). Recent experiment
in farmers' fields, however, suggest no, or only localised, responses to

nitrogen up to 50 kg/ha for glutinous rice.
 

On the MCP experimental plots, which have been subject to continuous
cultivation for nearly ten years, severe soil acidity has developed, the

pH dropping from 6.5 to less than 4 within 3 years. 
 Plant analysis has

also shown more than 2,000 ppm manganese in peanut and mungbean leaves.

However, since 1971, yearly liming to lime requirement, although bringing

pH back to normal levels, does not appear to have solved 
 the 	problem. Fr'o
the 	peak of up to 7 ton/ha of paddy in 1971 the rice yield has been decreasing to around 4 ton/ha in 1977-1978 (Figure 33.7). Other crops have also

suffered badly. Wheat, mungbean and soybean now seldom yield more than 1

ton/ha and French bean has failed completely in the past 2 years. 
Previous.

ly these crops had shcwn considerable potential. It is suspected that the
 
problem is a very complex one, the decline in soil stability being related
 
to the increased cropping intensity under high input "improved" margement, 

The 	main factors appear to be;
 

1. 	Depletion of nutrient elements at unprecedented rates due to 
large harvests in the first few years. 

2. 	 Heavy use of ammonium fertilizer, inevitable in rice production,
which causes loss of calcium and a lowering of soil pH.
 

3. 
In the acid soil the inhibition of the reversion of potentially Figutoxic divalent manganese ions to insoluble tetravalent manganese.
 

4. 	Other nutritional imbalances caused by liming.
 

Alarmingly the problem is now beginning to appear in farmers' fields

in the Valley. Farmers are complaining that their soils are becoming

"lifeless" and "need to be limed". Plant symptoms similar to those ob
served in the MCP station can be seen on peanut and mungbean crops through
out 	the Val]ey. In some areas farmers have stopped growing mungbean as a
third crop because the yield has become too low. Of the many crops ob
served at the MCP, mungbean appeared to be the one most sensitive to this 
particular soil problem.
 

Recent experiments at the MCP have shed light on some aspects of
soil chemistry in our particular environment. We have found for example
that in some cropping systems soil pH can fluctuate over 2 pi unit4 in one 
year (Figure 3.18). A drop of one pH unit is associated with a crop of

paddy rice, completely independent of nitrogen fertilizer used (Figure 3.19
For upland crops, a further decline in soil pH appears to be related to the
 
use of ammonium fertilizer (Figures 3.18 and 3.19).
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Figure 3.17 A declining trend inrice yield under high inputs and intensive 

cropping (3crop/year) at MCP experiment station. 
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16 half rai plots, * mean of 4 plots 
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Figure 3.19 	 Fluctuations in soil acidity under rice (flooded) and
 
corn (upland) with various chemical fertilizers.
 

pH measured in paddy water (1/5; w/v)
 

(Lerssupavithnapa and Rerkasemi, Unpubl. data) 
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Pests. diseases and weeds. 

Although there is no precise estimation of loss in crop production
due to insects, diseases and weeds in the Chiang Mai Valley, information
from various sources is compiled in Table 3.12 to give approximate estimatesof damage. The degree of damage due to pests and diseases generally ranges 100from 10-30% but occasionally there are outbreaks of insects which cause a
total loss in yield (for example the outbreak of thrips(Thrips oryzae) in

both wet and dry season rice. (Table 3.12).
 

One study has been made of the seasonal fluctuations in an insect 
90
 

population. 
In soybean, the bean fly (Melanagromyza soja) can reduce yield
by as much as 85% (Table 3.12) and Visithpanitch (unpublished data) has 
 2
shown the coincidence between the numbers of bean flies and damage to soy-
 80 
bean (Figure 3.20). 
 In general, bean flies are more numberous in the sea
sons most favoured for soybean planting.
 

There have also been attempts to screen varieties for resistance to 40

insect pests. Titayawan (unpublished data) grew 15 cultivars of sweet
 
potato (Ipomoea batatas) in a field infested by weevil (Cylas farmiearius).

The degree of damage ranged from 6.6 to 44.6% with Mae Jo being the most 20 
resistant cultivar in this experiment. Among the introduced cultivars,
AVRDC 035-2 and Tainung 57-1 showed high degreea of resistance to weevil(about 10% damage).
 

0 
A number of storage pests are frequently found in the Valley. The Amajor pests of paddy are the Angounois grain moth (Sitotroga cerealella)

and the lesser grain borers (Rhizopertha doiminacae) (Table 3.12).Southern cowpea weevil appears to be 
The 

the only significant storage pest ofgrain legumes. Although there are no data on losses due to storage pestsin the Valley, Aritachat (pers. com.) estimates losses as high as 10-20%in paddy stored over a 1 year period i.e. subsistence requirement and seedrequirement. Almost total loss of stored-mungbean was reported in theVillage of Ban Han Kao when farmers adopted the rice-garlic-mungbean crop
ping pattern (Gypmantasiri, pers. com.). 

Apart from the above no basic information on the insects and diseases
in the Valley, e.g. their life cycle, host-parasite relations, etc., exist
and hence no basic strategy of pest and disease control, particularly in
 
terms of cropping systems has been developed. The currently recommended

control measures, largely chemical, for particular insects or disease are
 
given in Table 3.12.
 

There have also been relatively few studies of weeds in the Chiang
Mai Valley (Table 3.12); however, farmers have recognised significant yield
loss due to weeds especially in rice, peanut and tobacco crops. 
 The current
control measures comprise hand weeding, mainly by hoeing thein case of upland crops and burying the weeds into the mud under lowland paddy. Sen Thon(1973) showed that grain yield of transplanted rice could be increased significantly even hand weedingif occurred only once at 35 days from transplanting (Figure 3.21). The results also show that the effect of weed corn

43h 
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Table 3.12 Percent damage of crops due to pest, diseases and 
weeds and their control recommendations. 

Damage ControlAgentCrop recommendation 

Rice Pest A. Insect 

[Wet season) I. Stem borer: 	 10-25 Furadan 3 G 
Tryporyza incertulas 

2. Green leafhopper: 20-50 Carbaryl 
Nephotetti spp. 

3. Rice thrips: Thrips oryzae Na Carbaryl 
Malathion
 

4. White back Planthopper: Na Carbaryl 
Sogatella furcifera
 

5. 	 Rice bug: 25-50 Carbaryl, 
Leptocorisa acuta 	 Malathion
 

6. 	 Rice gall midge: 15-100 Furadan 3 G 
Pachydiplosisoryzae 

7. 	 Angoumois grain moth: 10-20 Drying seeds 
Sitotroga cerealella before storing 

8. 	 Lesser grain borer: 
Rhizopertha dominica 

B. Bird
 

1. 	 Sharp-tailed munia: Na Mechanical 
Lonchura striata 

2. 	 Spotted munia: Na Mechanical 
Lonchura punctulata 

C. Rat
 

1. 	 Root rat: 5-10 Poison bait 
Rattus argentiventer 

2. 	 Black rat: 5-10 Poison bait 
Rattus losea exiguus 

D. Crab
 

1. 	 Somaniathelphuse, 50 Sumithion and 
sinensis dugasti cultural practice 

Disease
 
1. 	 Leaf blight: Na Resistant variety 

Xanthomonas oryzae Low nitrogen app. 

2. 	 Smut: 20-30 Resistant variety 
Ustilaginoideavirens 

3. Elongation disease: 13-31 Seed treatment 
Gibberella fujikuroi
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Table 3.12 ... (cont'd)
 

ControlDamage
Crop Agent% 	 recommendation 

Crop
Na Hand weeding 


Rice ... Weed 1. Tian Na: 


Jussiaea linifolla(cont'd) 
2. 	 Umbrella sedge: Na Hand weeding Soybean 

(cont'd)Cyperus Iria 

A. InsectPest 

(Dry season) 1. Stem borer: 10-25 Furadan 3 G
 
Rice 

Tryporyza incertulas
 

2. 	 Green leafhopper: 20 Ca1xjaryl 
Nephotettix spp. 

3. 	 Rice thrips: Na Malathion 
Thrips oryzae
 

4. Rice bug: 	 25-50 Malathion
 
Leptocorisa acuta 

5. 	 Green bug: Na Malathion 
Nezara viridula 

B. Bird
 

1. 	 Sharp-tailed munia: Na Mechanical 
Lonchura striata 

2. 	 Spotted munia: Na Mechanical 
Lonchura punctulata 

C. Rat
 

1. 	 Root rat: Over Poison bait 

Rattus argentiventer 10 

2. 	 Black rat: over Poison bait 
Rattus losea exiguus 10 

Na Hand weedingWeed 1. Tian Na: 
Jussiaea linifolia
 

Hand weeding2. 	 Umbrella grass: Na 
Cyperus iria
 

A. InsectSoybean Pest 
1. Bean fly: 85 Furadan 3 G, 

Melanagromyza sojae Dimethoate 

2. Leaf eating caterpilla: 35 Dimethoate
 
Prodenia litura
 

3. 	 Leaf hopper: 35 Carbaryl 
Empoasca sp. 

4. 	 Aphid: 35 Malathion 
Aphis glycines 
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(cont'd)
Table 3.12 ... 

Damage Control 
Crop Agent% recommendation 

Soybean ... 5. Leaf webber: 14a Dimethoate 

(cont 'd) Cacoecia micaceana 

6. Leaf webber: Na Dimethoate 
Lainprosema indica 

7. Leaf miner: Na Furadan 3 G 
Stomopteryx subsecivella 

8. Pod borer: Na Methomyl, TDM 
Heliothis anrigera 

9. Southern cowpea weevil: Na Heating or drying 
Callosobruchus chinensis seed 

B. Nematode 

1. Bud and leaf nematode: 20-25 Temik 

Aphelenchus sp. 

2. Ring nematode: 20-25 D-D, EDB, DBCP 
Criconemoidea sp. 

3. Root knot nematode: 50 Methyl bromide, 

Meloidogyne sp. D-D, EDB 

Disease 1. Septoria leafspot: Na Seed treatment 

Septoria glyciies 

2. Bacterial pustule: Na Seed treatment 

Xanthomonas phaseoli var. 
sojensis 

3. Mosaic and yellow mottle: 30-75 Mechanical 

Virus 

4. Purple blotch: 0.25- Seed treatment 

Cercospora kikuchii 19 

5. Stem rot: 0.25- Seed treatment 

Cephalosporium sp. 2 

6. Seedling blight: 1-12 Seed treatment 

Colletotrichum dematium 

7. Pod & stem blight: 
Phomopsis sojae 

0.5-
23 

Seed treatment 

8. Rust: Na Seed treatment 

Phakospora pachyrhizi and spray with 
plant wax S-dust 



...Table 3.12 


Crop 

Soybean ... 

(cont'd) 

Wheat 

Mungbean 
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(cont'd)
 

Damage Control 	 Tabl 
Agent 	 % recommendation 

51 Hand weedingWeed 1. Pig weed: 
Amaranthus viridis	 Mun(con10-30 Hand weeding

2. Puk Pet Dang: sessills
Alternanthera 

Hand weeding3. Goose 	 berry: 10-30 
Physalis minima 

10-30 Hand weeding4. Goat weed: 
Ageratum 	conyzoides 

A. InsectPest 

Na Furadan 3 G
1. Black 	 cut worm: 

Agrotis ipsilon
 

Na Malathion2. Aphid: 
Toxoptera sp. 

Na Furadan 3 G3. Wheat 	stem borer 

B. Bird
 

Na Mechanical1. Lonchura striata 

Na Mechanical2. L. punctulata 
C. Rat
 

Na Poison bait1. Root rat: 
Rattus argentiventer 

Na Poison bait2. Black 	 rat: 
R. losea 	exiguus
 

Na High rate P & 
1. Leaf spot:Disease K+ Low N 

HelminthosporiUm oryzae 
Seed treatment20-702. Root rot: Sclerotium 
(Captan)rolfsil, 	Rhizoctonia sp. 
Difolatan or 
Dithame M 45
 

Na Pre-emergenceWeed 1. 	 Goat weed: 

Ageratum conyzoides herbicide + hand
 

weeding
 

2. Crow foot weed: 	 Na
 
Dactyloctenium aegyptiu= 

Na
3. Puk Bia Hin: 
Trianthema portulacastrum 

A. Insect
Pest 

95 Furadan 3 G,

1. Bean fly: 
Dimethoate
Ophlomyla phaseoli 


(Melanagromyza phaseoli)
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Table 3.12 ... (cont'd) 

Crop Agent Damage Control 
% recommendation 

Mungbean ... 2. Bean jassid: Empoasca sp. 73 Furadan 3 G,
 
(cont'd) Carbaryl


Disease 1. Mosaic: Virus Na Mechanical
 

Weed 1. Crowfoot grass: Na Pre-emergence 
Dactyloctenium aegyptium herbicide + 

hand weeding 

2. 	 Jungle rice: 
Echinochloa colonum 

3. 	 Crabgrass: Na Hand weeding 
Digitariaadscendens 

4. 	 Goosegrass: Na Hand weeding 
Eleusine indira 

Vegetable Pest A. Insect 

1. 	 Black cut worm: 30 Furadan 3 G 
Agrotis ipsilon 

2. 	 Cabbage flea beetle: 60 Methomyl 
Phyllotreta sp. 

3. 	 Damond back moth: 80 Methomyl, Bacillus 
Plutella maculipenis thurigiensis 

4. 	 Cabbage looper: 20 Mevilifos 
Trichoplusiani 

5 	Cabbage aphid: Na Malathion 
Lipaphis erysimi 

6. 	 Cabbage bug: Na Mevinfos 
Earydema pulchra 

7. 	 Cut worm: Na Mevinfos, 
Spodoptera litura Methomyl 

8. 	 Bean pod borer: Na Methomyl 
Maruca testulalis 

9. 	 Thrips: Na Malathion 
Thips tabaci 

10. Tomato fruit worm: Na Methomyl, TDM 
Heliothis armlgera 

Disease 1. Soft rot: 	 Na Crop management 
Ezinia caratovara 

2. 	 Damping off: Na Soil sterilization 
Phytium derbayanum or soil treatment 

with DENB 
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(cont'd)3.12 ...Table 

rableDamage Control 

Crop Agent 	 reconmendation-

Na Pre-emergence
Vegetable Weed 1. Jungle rice:(conV'd) Echinochloa colonum 	 herbicide + pean 

hand weeding (con 

Na2. Teen tid: 
Brachiariareptans 

Na3. 	 Ya-dock-kao: 
Leptochloa chinensis 

Nagras5:4. Crowfoot 
Dactyloctenium aegyptiulm 

Peanut Pest A. Insect
 
Na Chlordane
1. 	 Fire ant: 

Solenopsis geminata 
Na Heptachlore2. 	 Oriental ant: 

Dorylas orientalis 
Na Furadan 3 G3. 	 Greasy cut worm: 

Agrotis ipsilon
 

Na Malathion4. 	 Ground nut aphid: 
Aphis craccivora
 

5. Leaf hopper: 	 Na Carbaryl 
Empoasca flavescens 

6. Thrips: 	 Na Carb ar 1, 
Malathion
Frankliniella sp. 


Na Dimethoate
7. Leaf webber: 

Cacaecia micaceana
 

Na Methomyl8. 	 Ming moth: 
Maruca testulalis 

Na Methomyl9. 	 Bristle beetle: 

Mylabris spp.
 

B. Rat
 
Na Poison bait1. 	 Bandicoot: Gax

Bandicota indica 


Na Poison bait
2. Bandicoot: 

Bandicota savileJ 

40-65 Benomyl + 
Disease 1. Cercospora leaf spot: 	

DManzate
Cercospora arachidicola 

40-65 S-dust,

2. 	Rust: 
 plant Wax


Puccinia arachidis 
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Table 3.12 .. (cont'd) 

Crop Agent Damage Control 
% recommendation
 

Peanut 
.. Weed 1. Ya yang:
(cont' d) 60-77 Pre-emergenceEuphorbia geniculata herbicide +
 

hand weeding
 
2. Goosegrass: 
 60-77 - -

Eleusine Indica 
3. Crab grass: 
 60-77 - -

Digi taria adscendens 
4. Crowfoot grass: 60-77 - -

Dactylocteni um aegyptium
 

Tobacco Pest A. insect 
1. Black cut owrm: 
 30 _'uradan 3 G
Agrotis ipsilon 
2. Green peach aphid: Na 
 Malathion
 

Myzus persicae 
3. Tobacco bud worm: Na Methomyl, TDM


Heliothis armigera 

4. White fly: Na CarbarylBemisia tabaci 
 Furadan 3 G
 

B. Nematode
 
1. Root-knot nematode: 
 >50 Methyl bromide,
eloidogyne sp. 
 D-D, EDB
 

Disease 1. Frog eye disease: 
 Na Benomyi

Cercospora sp. 

2. Tobacco Mosaic virus Na Mechanical
Weed 1 Crowfoot grass: Ne Hand weeding
 
Dacteloctenium aegyptium
 

2. Spiny pigweed: 
 Na Hand weeding
 
Amaranthus spinosus
 

3. Goat weed: 
 Na Hand weeding

Ageraturn conyzoides 

Garlib Pest 
 A. Insect
 
1. Thrips: 
 Na Malathion
 

Thrips sp.
 

B. Mite
 
I. Red spider mite: 
 Na Dimethoate


Tetranychus sp. 
Disease 
i. Purple blotch: Na Daconyl,


Altrnaria sp. 
 Dithan M 45
 
Weed 
 Na
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petition is more severe in direct seeding than in transplanted rice thus 
indicating the importance of the relative time of emergence of the crop 
(rice) and the weed population. For transplanted rice, Na Lampang et al. 
(1974) again confirmed the effects of weeds on grain yield (Table 3.13). 

Table 3.13 	 Effects of cultural weed control on
 
grain yields in rice, CV. RD 1.
 

Method of control
 
Un- Hand Hand
 
weeded weeded, weeded,
 

once twice
 

Grain yield
 
(ton/ha) 3.55 6.29 6.58
 

Source: Na Lampang et al., 1974. 

..	 1.. 

During the dry season, legumes are the major crop in the rice based 
cropping systems and the effect of competition from weeds here is usually

rather serious. An experiment on the effect of duration of weed competition 
on mungbean (Somkasame, 1979) showed that biomass and seed yield in mungbean were markedly reduced by weed competition in the period 7 days to 49
 
days after planting (Figure 3.22). After 49 days the duration of weed corn-

petition had little effect. These results indicate the early onset of corn
petition from weeds on mungbean, i.e. about one week after emergence. Thus 

in order to restore mungbean yields, weed control must be conducted as 
early as possible. Radanachaless (unpublished data) also found that in
creasing the 	density of peanuts could improve seed yield by up to 66% 
(Figure 3.23). The significant effect of increasing peanut density was to 
reduce the weed weight from nearly 700 kg/ha to 330 kg/ha. In farmers' 
fields, a plant to plant spacing of peanut varying from 20 30to cm is not 
unusual. 

The predominant methods of rice harvesting and transport may them
selves constitute a further form of stress. 
Rice is cut close to the
 
ground by hand and left to dry before being transferred to the threshing
 
area by attaching small bundles of the plants to carrying poles. Thresh
ing is entirely by hand by beating the heads in large threshing baskets. 
Winnowing is 	 performed by tossing the grain on trays using the breeze or 
large, hand-operated fans to separate the chaff. Each process is prone 
to considerable loss and estimates of these are shown in Table 3.14.
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Table 3.14 Harvesting losses in paddy. 

Place of loss 
operation Operation (%) 

Field Harvesting 
 5 

Handling and Transport 5
 

Threshing 1 

Cleaning 0.5
 

Mill Milling 1-2 

Total 13 

Source: Department of Agriculture, 1976.
 

Health and social stress.
 

(a) Health
 

The public health service in the Valley has greatly im-

Proved in the last 25 years. Data on major illness in the Chiang Mai Val
ley collected by the Health Department are shown in Table 3.15. Nearly all 
the major diseases have progressively come under control between 1970 to 
1978. A few diseases, such as chicken pox, conjunctivitis and worms had 
disappeared in the records by 1978. However, a major persistent disease 
in the Valley is diarrhoea and there is some evidence of an increase in 
ater-related illnesses since 1974 which may be related to the increase in 

the irrigated area. Malaria, has had a long history of relative serious
ness in the Valley (Figure 3.24), but the death rate decreased dramatically 
following a mosquito control programme based on DDT spraying. A regular
Programme of spraying by the government has practically eliminated the 

ds and disease. 

Malnutrition is still a serious problem in many areas of the Valley,
but the effect of this on agricultural production is unknown. 

(b) Social 

The Chiang Mai Valley has been settled for more than a. 
thousand years and is steeped in tradition-with numerous ceremonies and 
folk festivals, particularly in the summer months (Figure 3.25). Many
farmers still observe the Buddhist temple days, in which there is no work 
inthe fields. These fall on the full moon, half moon and new moon days 
Of the lunar calendar. However, this observance is declining. These 
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social activities compete with agricultural activity for time. However 

they also provide an incentive for 
work and the generation of a cash 

in.
 

come. 

in human diseases between
Table 3.15 Changes 

1970-78 in the Chiang Mai Valley.
 

-

Disease 1970 1971 172 1973 1974 1975 1976 1977 1978 

Influenza 3,800 
1,617 

-

1,617 

-

5 

21 
Cholera 
Diarrhoea 

Dysentery 

Conjuncti-

-

4646 

1,428 

317 

- - -

-

-

1,534 

52 

1,174 

615 

102 

3,546 

821 

96 

-

821 

96 

-

21,34 

-

vitis 

Worms 

Encephalitis 

1,961 
146 

-

-

- -

103 

173 

7 

71 

71 

5 

55 

106 

-

106 

-

i 

Typhoid -
-

Haeinorhagic 
1feverhi. 

74 269 

107 

156 

61 

156 

61 

3 

Malaria 
16 13 13 

Poliomyeliti-

29 55 56 56
 

Diphtheria 
 578 30 5 

-Whooping 


Cough 
101 35 105 105
 

Viral 

hepatitis
 

24 45 25
 
-Measles - - - 

1 
- - 2 1 

---Chicken pox 

- 2 2 

----Meningitis 

-----Tuberculosis 

Chiang Mai Provincial Hospital.
Source: 


Perturbation
 

In general, climatic, biological 
(pests, diseases and weeds) and
 

economic factors are the major 
potential perturbing factors that 

may 0
 
Thre
 

total failure in crop production in multiple cropping systems. 

a 
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|jo. climatic perturbations are likely; these are flooding in the wet season
ught in the hot season and heavy rains at harvest.
of cultivation heavy Under the present patrains at harvesting timeeld loss may cause a tremendousby stimulating 

anut in the warm season 
the mature seed to germinate, e.g. soylean orand photo-insensitive

son. Farmers harvest rice or mui~gbean in the hot 
shing. Heavy 

their crops and pile them up inrains at this time the field beforemay result int crop varieties seed germination, becauseused in the warm or hot seasons haverancy periods, very shorte.g. soybean: or noSJ 2; rice: RD 1 and RD 7 and peanuts. 
Farmers usually claim seveve cropirught, but there have been 

losses due to major floods andno detailed recordsurbations in the Valley. of the effects of these 
icularly 

Flooding recurs regularly along the Ping river,in Saraphi and San Patong districts,hun province. and in many parts ofTraditional rice cultivars, e.g. Gain Pai and Mae Jo, are
ng used in 
 the flooded area since farmers recogniserate flooding. that these cultivarsIn practice, 50-60 day old seedlings of Gam Pai or Nae
are 
transplanted requiring double transplanting.
al nursery bed When seedlings in theare about 20 days old,e spacing, they are transplanted at ai.e. 10 x 10 verycm and 4-5 plants per hill. Seedlingsto grow for about are then30 days beforeuld final transplantingbe noted that the in the field.rice cultivars It 
9gmaturing; i.e. 150 

used for this purpose are relativelydays or more from trarlsplanting to maturity.
 
Drought may be 
experienced in the traditional irrigation systems.hi District where irrigation supply is solely dependent upon a tradi-

In 
al irrigation system (the Tha Sala project the Valley), growing rice in 

one of the biggest projects
 
ice crop 

the hot season is popular. In April 1979,
here suffered severe drought damage. 
 Some farmers subset.y used their fields for grazing while the others waited hoping for

1
y rain in May, which did not come and a substantial area of rice crop
Completely lost. 

Hailstorms occasionally occu

he warm season (Figure 3.26). 

from late in the cool season to the end
Tobacco is the onlyS due to hailstorm have 
crop in which heavybeen reported. Frost has never been recorded e Valley. 

;ind is another perturbation which can reduce crop yields.
O, data shows In the wet
(Figure 3.26) that the extendedkm/hr in September. maximum, wind-speedLodging was 
lated to wind as 

in rice waq recognised but has never beenno data were available.extended maximum In the hot season thewind-speed figurewas recorded as highto May. However, lodging in 
as 115.9 kms/hr in 

May dry season rice hasbe due to the predominant not been reported.use of short-stalked,arieties lodging-resistantof RD 1 and RD 7. The perturbating
on effect of these windother upland crops could be considerable but no data are availablehe Valley. 

Climatic factors are also major determinantsor diseases. in the outbreaksFor example, of ina dry spell in May may cause the outbreak 

Best Available Docu'ment 
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Figure 3.26 Climatic perturbations (data from 1951 to 1970) 
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armyorms (Spodoptera spp. ) and thrips (Baliothrips 
biformis) with, in
 

iepast, a considerable loss in hot 
season rice yields in most of northern
 

between low rainfall in June
The correlationiailand (Rasmidatta, 1972). 

idJuly and the outbreaks of thrips (Baliothrips 
biformis), jassids 

(Leptocorisa oratorius) has been ep-:otettix virescens) and mealy bugs 
and mealy bugs, the above correlation was

of jassids)ted. In the case 
(i.e. during August and September).seasonIso present in the wet 

in the wet season may increase the degree of 
By contrast, heavy rain 

stem rot 
aage of rice diseases, e.g. blast (Pyriculariaoryzae), 

in rice.colldr rot (Ascochyta oryzae)
;elraint;osPoriu:W sigr.oideun) and 

in the wetoccasional floodsobserved that in rice,asmidatta (1972) also 
an attack of cutworrs. In addition, severe 

are usually followed byeason 
Valley resulted in the outbreaks of clirb

10oding in September 1977 in the 
(Tikyeven et al., 1978) and 

ng cutworm (Pseudaletia unipuncta Haworth) 
in

heavy yield loss of rice. A disorder called tipburn
his resulted in a 

rain followed by
arlic which can cause serious damage occurs after heavy 

cause is not known (Titayavan, 1976).
,right sunshine, but the direct 

noted that the outbreak of rust disease
Finally, it should be yearat the MCP research station varied from 

[Uromyces fafac) on sweet peas 
Absence of the disease increases the
 toyear (Titayavan et al., 1978). 


kg/rai. It is possible that variationfield of sweet peas from 0.28 to 1.5 
a cause of the fluctuations.years may beOf climatic factors between 

by land slides or erosionsoil and land causedSerious perturbation to 
study area of the Chiang Mai Valley.lave not been reported in the 

changes in fertilizer
Perturbing economic factors, such as the sudden 

have already been discussed.or oil prices 
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CHAPTER FOUR 
e 

PATTERN AND PROCESSES: DECISION MAKING 

National policy objectives
1. 

Economic development planning is a relatively new concept in Thailan, 
It was not until 1961 that the Government launched its first National 
Economic Development Plan which was directed mainly at the creation of a
 
basic economic infrastructure and focussed on the structural changes re
quired to encourage private investment. Social aspects of development st]1 
as social justice and security were first included in the 2nd plan in 1967, f( 
This plan also enphasised the need for maximum resource utilization througi 
the adoption of new technology. The 3rd plan added policies for fairer re. 
source allocation, a balanced regional growth and population planning and 
employment. The current plan, the 4th, embodies the elements of the pre- PC 
vious three and includes policies on the reduction of income disparity. ir
 

Agricultural Developm.ent Policy PC 

Although the relative importance of agriculture in Thailand's econo) 
has declined in recent years as a result of the changes in the economic De 
structure of the country brought about by the first National Economic 
Development Flan, agriculture today is still the mainstay of the country's sc 
livelihood. ti 

gr
 
Agricultural policy as stated in the development plans, and as of
 

deduced from Government actions, has been formulated to achieve two major
 
objectives:
 

ar.
 
1. To raise the income level, living standard and socio-economic in
 

status of the farmers and to increase social security and stability in
 
rural areas, fa
 

2. to increase agricultural exports so as to rectify the country's
 
unfavourable trade and balance of payments situation. bi:
 

al , 
To these ends, programmes and actions have been designed within the tic 

following long range policies: wh" 

pl
 
1. the expansion and development of agricultural infrastructure,
 

such as irrigation, transportation and the extension service, 


2. the diversification of crops and farming activities appropriate ofl 
to the resource base in each area and region, Vic 

3. the promotion of farmers' institutions such as farmers' associa
tions and cooperatives, and the improvement of land tenure and credit men 
availability, men 

agr 

7 
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4. the improvement in quality of life through family planning,
 

ducation and health services in rural areas, 

5. the strengthening of research and experimentation to increase :ut

ut and modernize agricultural production techniques, 

6. the improvement in marketing and prices of farm produce,
 

7. the reorganization and institutionalisation of government and
 

emi-government agencies to further agricultural development.
 

Table 4.1 is an abstract of the agricultural components of the first
 
bur Plans including the lists of strategic commodities and the target out

luts. 

In the following we review those aspects of agricultural or rural
 

olicy which are likely to have a significant impact on multiple cropping 

n the Chiang Mai Valley. 

'opulation Policy 

A formal population policy was first adopted in the third National
 

kvelopment Plan (1972-76) with the aim of reducing the population growth
 

7ate, which at that time was over 3%. In the fourth Plan for 1977-81 the 

'cope of the policy was broadened to include the aims of a better popula
tion distribution appropriate to the resource base, improvements of demo
raphic data collection and research and improvements in the coordination
 

)f population programmes. 

Because of the strong rural focus to the policy government actions
 
!re specifically aimed at the reduction of rural family size, improvements 
Ineducation and proficiency of rural people, the creation of rural employ

ent opportunities, as well as the expansion of public health services and 
facilities. 

The government provides extensive family planning information and 
birth control services to both rural males and females. Encouragement is 

also given to private organizations such as the Planned Parenthood Associa
tiOn, the churches, cooperatives and the Community Family Planning Project, 

hich emphasizes the role local leaders and volunteers can play in family 
Planning services. 

The government is also extending compulsory schooling from 4 years to 
7 Years and building naw schools, together with increasing the provision of 
*ff-school education, through agriculture extension and demonstration ser
lices and the establishment of 4-H and contract farmer and women groups. 

The -problem of the migration of the young and often poorly educated 
Mm the countryside to the urban centres is being tackled by the establish
4nt of regional agricultural development centres, the promotion of local 

Oicultural related industries and the provision of new land settlements. 



targets and development aims, since 1961. 
of Thailand's agricultural policy :

Table 4.1 Abstract 

Target quantity
Selected Target out-

put at the 	 exported at the Development aims
 

Strategic commodities strategic
Plan/year 

commodities 	end of plan end of plan
 

year (mt.) year (mt.)
 

Rice 9,500,000 1,000,000 - Improved
1st Social and Rice, rubber, maize, 
 irrigation

Economic Develop- kenaf, cassava, soy-


ment Plan. bean, mungbean, 750,000 710,000 Improved seed
 
Maize 


1966) pn.~nut, cotton, 	 -agrieutual(1961  castorbean, sesame, 
Agricultural


tobacco, sugar, 
 extension
Tobacco 5S,000 2,500
coconut, kapok. 

- Increased 
domestic 
industrial 
consumption. 



Table 4.1 
... (cont'd) 

Plan/year 

2nd Social and 

Economic Develop-


ment Plan 
(1967 - 1971) 

Strategic commodities Selectedstrategic Target out-

Rice, rubber, maize,

kenaf, cassava, soy-

bean, mungbean, 


peanut, cotton,
castDrbean, sesame, 

tobacco, sugar, 

coconut, kapok,
sorghum. 

put at the 
commodities end of plan
year (mt.) 


Rice 
 13,700,000 


Target quantity
exported at the Development aims 
end of plan

year (mt.)
 

- Better irriga
tion control &
o uble-ro lp n
 

- Improved seed 
VaIriies 

rae e- Increased &better appli

cation of
 
fertilizer
 

- Improved farm
ing methods 
(research &
 
extension)
 

- Price suppor-t 

- Extension of 
ag. credit. 



Table 4.1 ... (cont'd) 

Selected 


Strategic commodities strategic
Plan/year 

commodities 


Maize
2nd Plan ... (cont'd) 

Oil seeds
 

(Peanut, 

soybean) 


Tobacco 


Target out-
put at the 

Target quantity 
exported at the Development aims 

end of plan end of plan 

year (mt.) year (mt.) 

1,500,000 - - Improved yield 

0,000 -" 
- Improved pro

duct quality 

- Research 

- Increased 
domestic in
dustrial 
consumpt ion 

- Expanding 

foreign market. 

185,000 
E0,000 

88,000 



Table 4.1 ... (cont'd)
 

Plan/year Strategic commodities 
Selected 
strategic 
commodities 

Target out-
put at the 
end of plan 

Target quantity 
exported at the 
end of plan 

Development aims 

year (mt.) year (mt.) 

3rd Social and 
Economic Develop-

Vegetables, fruits, 
silk, coffee bean 

Rice 14,467,000 - Continuation of 
last plan's pro

ment Plan gramne 

(1971- 1976) - Demonstration 

farm (138,500 
rai) 

- Farming method 
improvements 

- Double cropping 

- Seed production 

- Crop rotation 

Maize 3,500,000 - Increased 
fertilizer 

application 

- Seed improve
ment. 



Table 4.1 ... (cont'd) 

Plan/year Strategic commodities 
Selected 
strategic 
commodities 

Target 'out-
p,.L at the 
er I of plan 
year (mt.) 

Target quantity 
exported at the 
end of plan 
year (mt.) 

Development aims 

4th Social & Develop-
Plan (1977 - 1981) 
(Plan A) 

Soybean 

Rice 

400,000 

10,190,000 

- Extension of 
improved seed 
varieties 
(S.J.l, S.J.2). 

Glutinous 
rice 

5,796,000 

Maize 3,610,000 

M'0. f) 
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In a number of respectsproved successful. these policies and actionsThe population growth had reduced 
have alreadythe average size of farn-families to 2.5% by 1976had dropped andfrom 6.4 in 19701975. to 6.0 in 

Irrigation PolicV 
Although planned irrigation development began over 70 years ago its
 

rrapid growth dates from the first National Development Plan which gave it
 
!high Priority and provided substantialdvelopment proceeds financial resources.In main in three stages: Typicallyfacilities, (2) (1) the infrastructuralthe building investments(3) on-farm irrigation works 

of smaller dams and reservoirstion and land consolidation and programmes.to dam and reservoir Projects, the government In addievelops Pump-irrigation 
and underground-water also encourages and
jects are concentrated use. Most irrigation
10rthern in the central rice-producing proregion only accounts region while thefor about 15% of the total irrigated area.Despite substantial investment which has increased the total National
 
1rea under RID irrigation projects from 9.7 million rai in 1961 to 15.5
 
dllion rai in 1976,the proportion of total irrigated land to total culti
ated land in 1976 has remained at about 15%. This is dueIrious new settlement projects. 

to the continuous
pansion of the countrys agricultural land through deforestation and
so serve Moreover mostsuch modernpurposes irrigationas flood-control facilities 
rues, conflict with 

and electrification which may, atthe irrigation requirement. 
In addition to large-scale
Itit is also government policy to promote the efficient 


costly and long-term irrigation develop
use and manage-

Itof water through advice to farmers, land consolidation

;tribution scheduling. programmes and
 

mnd Policy 

itional level. 
The size of farm holdings has been declining in
Thailand's average recent years at thetis estimated will decline to 11.6 rai in 1985. 


in 1975 was 14.7 rai per family which,; much smaller for farmers in the northern region. 
The average holding sizeTe than 80% of the farmers have a In the Chiang Mai area
holding size less than the national


erage but in this area there is evidence to support the beginning of a
 
end of increasing holding size (Nippanutiyan, 
1979).
Farm holding size would already have been muchn no opening-up lower if there hadof new land. 

Through Provisions of the 1954 Land Code and the Land Allocation for 
Upation Acts of 1942 and 1967, colonization and settlement of cultivable 
te land was legalised in order to distri'ute land to land-less farmers.]y efforts centred on the hire-purchase, cooperative land settlement 

DocumentSUsflabe 
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fem 

schemes; but today the Departments 
of Land Administration, 

public Welfare 

fr 

of Land Development, the 
Cooperative Promotion Department 


f m
 

Power Generating Authority are all 
involved in land settlement projects. 


However, a large portion of the 
new land has been brought into 

use through
 

This has lowered the proportion 
of forest land tolow
 

illegal deforestation. pro

in 1961 to 37% in 1974. 


the total land area from 57% iC
 

Land expansion essentially 
accounts for the growth in the country's 


Average rice
 

farm output rather than 
improvement in yields per 

acre. 


yields in Thailand in fact decreased 
from 295 kg/rai at the 

beginning of
 

sou
 
this century, to about 200 kg/rai 

during 1950-60 and despite substantial 
 tur
 
efforts the yield had only improved to 275 

kg/rai by 1975/76. 


About a fifth of all Thai 
farmers rent all or part 

of their land but
 

fic
 
40% in Chiang Mai Province. Legislation for 


as high as asc
the proportion is 


farm land-rent was made in 1950 and revised in 1974, but 
is applicable to 


as
 
Rent determination is made by the district 

rent con-

some provinces only. 5%
 

Basically rent rates are calculated 
by determining the 


trol committee. col
 
maximum production value in each 

locality which is used to calculate 
74t 


production value by subtracting 
production costs (which must 

represent at
 

Rent is then regulated
 
third of the maximum production 

value). 

least one The regulations Fe.
 
so as not to exceed one half of the 

net production value. 

B-f
 

are also frequently ignored 
and rent negotiation power 

remains in the handc
 

of the landlords.
 

were to improveThe Agricultural Land Reform 
Act, passed in 1976, established 

the 
goIts stated objectives

Land Reform. 

the ownership rights 
and tenurial conditions 

of agricultural land, 
to set-


an
 

tle residential communities in agriculture, to distribute 
statc land which 


Bureau of Agricultural 

st
 

has been additionally acquired 
through governmental purchase 

or expropria-
pr
 

tion to landless or small farmers, 
and to allow farmer institutions 

to 

However 
 cl
 

rent, acquire by hire-purchase 
or to otherwise utilize state 

land. 
an,
 

progress has been slow, mainly 
consisting of the allocation 

of poor-quality 


state and forest land.
 
pr 
leConsolidation of land has largely been seen as an adjunct 

of pro-


grammes in rural engineering 
and irrigation works. 


t1i
 
oi
 

Credit Policy 


Agricultural credit in 
Thailand can be obtained 

from private money
 

Public money lenders give 
loans and
 

r 
lenders and institutional 

sources. are usually for farmers 
and in kind but thesecash 

accept payments both in 
The interest rates vary 

but are usually exorbi

non-productive spending. 


tant . 

The.first proclaimed 
agricultural credit policy 

was incorporated in
 

In the short run, emphasis 

the Farmers Aid Programme, 
initiated in 1965. 

a( 
was placed on the increases 

of agricultural production 
through interest

to farmer 


free loans, both short 
term (1 year) and medium 

term (3 years), 
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ifare, for the purchase of farm inputs and machinery. Howeve;r, there:ional centive was no infor farmers 
:ts. remained 

to pay back the loans when due because interestunchanged. Therefore, rates 
irough in 1973 operationferred of the fund was transto the Bank for Agriculture and Agriculturalid to in the following year to 

Cooperatives (BAAC) anda newly establishedlow interest rate (5% annually) was charged. Farmer Aid Fund Office, and
?rogramme is 

The long run emphasis of the 
a 

on the improvement of farm production and coversirrigation, education, communication investment in:ry's lic health and other social infrastructure,and land reform pubschemes. 
of 
 Despite the programmes, non-institution lending is still the major
source of farmial credit, although it's sharetural credit has in the country'sdeclined total agriculfrom 95.0% in 1962/63 to 63.7% in 1971/72.

.dbut 
 Currently the Bank of Thailand is making an effort to direct capital
 
edb tafor 
 dt 


al
 
flow to the agricultural sector by accepting the sales of promisory notes
e to and bills of exchange related to all agricultural activitieshecon- as long as 60 with the termmonths,5%more agricultural and by having all commercialcredit than in banks everythe previous year releaseyear, which must also acnet countt at for at least 13% of that year's total deposits.

ated 
:ions Fertilizer Policy
 
hands
 

The government began to encourage fertilizer use
of demonstration farms in the 1950's. in the establishment
ie 
 imposed on fertilizers, except From 1960 to 1975 no import tax wasfor urea,but in)rove Plan was established with 4 9 .9% 
1963 a domestic fertilizer 

set- of the company's share being held by the
Overnnent. The operation, however,•hich began by being inefficient technicallyInd administratively, resulting in heavy losses and accumulating fertilizer
ria- tocks. From the1970 government responded by seriesar actices designed of regulations andwever, 'lude monopoly 
to protect the domestic fertilizer industry.a right to the company to import These inammonium sulphate

.ality and urea 
nd a ban on the import of other nitrogenous fertilizers. 

This policy of protecting thePractically destroyed domestic fertilizer company however hasthe competitive structure of the fertilizer market,leaving a single inefficient supplier.

imProve the The government has attempted tosituation by procuring low-costthem to farmers both fertilizers and distributingfor cash and on credit termsof the Ministry of Agriculture under the administrationand Agricutural Cooperatives,eing implemented the programmesby the credit scheme for the Bank for Agriculture andByDicultur. Cooperatives. 
 However, in generalprofitability from fertili

nes' South East Asia.
 

ler-use remains poor and overall usage is low compared with other countries
 

Other chemical inputs such as 
insecticides and herbicides are subject

tistrict restrictions on import, export, production, marketing, and related
in rVices because 
Nere no 

of theip potential hazards to health and the environment.-s is differential tax rate for imports of raw materialsiers and formulat-Products and thus the industry is largely based onactual production. mixing rather than 

I 
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Agricultural Price and Marketing Policy 
premit 

The agricultural marketing system in this country is based on a pri. surpli 
vate enterprise system with a varying degree of government regulation and 
intervention. Government policy aimed at improving the farmers' bargaining 
power and improving marketing efficiency, includes both price and non-price trade 
measures.
 

The government uses price policy to onsurc. a fair and desirable price mium F 
level for producers. Direct purchases are made under price guarantee or porter 
price support schemes usually administered through farmers' marketing export 
organisations or agricultural cooperatives. Another form of price policy to del 
involves the payment of compensation to an industry paying a minimum a pric 
guaranteed price to farmers but incurring a loss, as for example the sugar reserv 
industry. sold i 

The government has also established a number of marketing agencies to 
improve marketing efficiency for agricultural products. Among these the burden 
most important are Farmers' Marketing Organization (FMO) and the agricul- reserv, 
tural cooperatives. Their functions are similar in nature but their target poly mi 
farmer groups and management are different. The FMO services all farmers which 
with the working capital being appropriated from government budget and the 
management decisions coming from the staff. Agricultural cooperatives deal
 
mostly with their farmer members. They obtain working capital from members' 2. 
shares, retained profits, and by borrowing from commercial institutions and 
the government, and handle business management along the lines of coopera
tive principles, while following the supervision and agricultural policy of those c 
the government, credit. 

the mar 
Both institutions aim to strengthen the bargaining power of farmers 

through collective marketing and to increase producers' participation in 
marketing and processing through the setting up of rice-mills, storage The Wat 
facilities, silos, etc. The government can implement agricultural market
ing policy through the FMO and cooperatives by such means as selling cheap T' 
fertilizers to farmers, buying farm produce at guaranteed prices, etc. the nat 
Both the FMO and cooperatives may receive from the government some privi- a large 
leges for exporting farm commodities. flict. 

tributa:
 
In terms of specific commodities rice price and marketing policy is and Ban:
 

the most important and controversial. In addition to the present rice the wat
 
price support guarantee programme the government institutes a rice premium Parts 0: 
and a rice quota and reserve system. framewoi 

The rice premium is a form of export tax added to the regular export 0 r 
levy, with premium rates fixed by the government and changing periodically 
depending on market conditions. The rates vary among different grades and 
types of rice. The objectives are: has foTi

four 
1. to stabilize the domestic price for rice and to control export at Chian 

volume, so protecting the domestic consumer from the effect of rising world 
prices, 
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2. 

premium 

the furtherance of internationalrates for purposes trade strategy i.e. reducingof Price competitionn a pri- or for releasing domesticsurpluses, 
ion and 

argainir3.ion-pric trade to re-distributefor agricultural the gain fromdevelopment Price differentialsprogrammes.
 in the world 
)le pric mium Policy. 

The rice quota and reserve system is complementary
:ee Monthlyor andporter to control total export quotas to tke. rice preng export volume. are allocatedexporters This system tends to each expolicy to 
to share in the rice to enabledeliver rice, trade. Each only largeat exporter 

un 
a certain proportion is then also requirede sugar a price lower of its total exportreserve. than market volumethe andThe reserve rate, to the atis sold domestically government to be used assold internationally to help urban consumers a rice 

or isicies for governmenttc income.The effect
the of the premium isburden back to that exporters andthe farmers traders shifticul- by low purchase prices the taxtarget reserve system exacerbates for rice.Poly market structure of the

the problem by strengthening 
The quota and 

:rmers 4hich can 
rice export sector and 

the close-to monobe shifted creating higherto the farmers costs 
es deal by the exporters..nd the
 

members 
Patternsons and of decisionopera- making 

licy 
The important decisions affecting multiple croping 

of those mknconcerned with inwatercredit, supply, the Valley arethe Provision of the availabiliLthe marketing Physicaintsof products. 1 inputs andand ofndtcn 
 infomao andtech land nfotion and 
ne rs 

1 in;e WaterResource .rke t-cheap 

The natural rivers and streams
the national V l ewaterivi- resource. 

of the Chiang Mai Valley are part oflIarge umber As indicatedof potential in Figureflict Furthermore users whose 4.1 thisbecause interests, resource hastClbutaries of the Chao Phya River which flows through the Central Plain
 

the Ping River and in some cases, mayits tributaries con
,is are in turnd Bangkok and eventually empties intothe water resource in the!mium the Northern Region Gulf of Thailand

ofts the has repercussions the use ofcountry (see Chapter in all other6, Sectionpr t 3). Figure 4.1 also shows the 
ework under which all water-use decisions for all pruposes are made.
:porte 

ally
and Irrigation 

dThe 

Royal Irrigation Department, with its
ur regiona headquartersoffices in Bangkok,


rang one Of which is at Lampang.
Mai covers A subregional officethe Chiang Mai, Lampoon and Mae Hong Sorn Changwats. 
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Decision making model for water resources 
of the Chiang


Figure 4.1 


Valley 


In this and all similar Figures which follow Venn diagrams 
have
 

.N.B. 


been adopted to illustrate physical structures (solid lines) 
and
 

Areas where different
decision making levels (dotted lines). 


- "'-s intersect are under the jurisdiction of both. decision
 c
 

making bodies or within the physical boundaries of 
both areas.
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the engine
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The four RID projects in the Valley are each under the control of a 
project engineer, located in a project office near the headworks. Under 
the engineer are waterznasters, zonemen and gate tenders whose areas of 
responsibility are shown in Figure 4.2. 

Project officials have responsibility for: 

1) planning timing and flow in the main canal and laterals,
 

2) operating the systems as planned, 

% 3) ensuring water distribution to users as intended, 

4) maintaining records of water flows, water use, crop areas and 
production,
 

5) investigating and measuring water loss, 

6) arranging and supervising work of working stations and groups,
 

7) upholding regulations and settling disputes.
1 

I Outside the formal RID structures are five Water Users Associations 
Table 4.2). They were established under the Civil Commission on Irrigaion and their interaction with the formal RID system is shown in Figure

.2. Their main purpose (Atthayadhin,1972) is to:

I 

1) create closer cooperation between w,-ter and RID.,users 

2) provide a channel for the dissemination of modern agricultural

lowledge, 

3) assist in the organisation and the financing of maintenance of 
le Irrigation system. 

The leaders of the associations are elected by members for a two

!ar term. 
 The most important employees of the associations are the com-
In irrigators. Each has responsibility for about 1000 rai and supervises
ledistributior of water from the laterals and sub-laterals through various
 

hiang ML tches into the farmers' fields. The leaders of the associations, who are1aid, in addition to suprvising the common irrigators, also supervise
'ter allocation, investigate and settle disputes, set fees, fines
Present the users before the RID and other agencies. 

levy and 

iave 
) and 

ent 
on 

as. 
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flow
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------ Informationmaker 
-. Physical link 

A model of decision making within 
an RID project. showing
 

Figure 4.2 

the s_
structure and line of communication 
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Table 4.2: Water Users' Associations in the Chiang Mai Valley. 

Service 
Name of Water Project Location Year Area Members
 

Users' Association (Amphur) Formed (Rai) 

Mae Rim-Mae Taeng Mae Taeng Mae Taeng 1969 50,000 3,994 

Hengrai Maharaj Mae Taeng Mae Taeng 1969 100,000 12,067 

Mae Fack 14ae Fack San Sai 1970 70,000 4,000 

Mae Kuarng Mae Kuang Doi Saket 1969 60,000 3,299 

Hareepoonchai- Mae Ping Saraphi 1970 45,000 1,500 
Saraphi 
 Kao
 

Source:' Sektheera et al., 1975. 

:er users' Maintenance of the main system is undertaken by the RID while the 

iocatIon farmUsers Associationsdistributionwith systemsthe RID providing guidance, surveys and plans as 
level are maintained by the farmers and Water 

requested. 

Traditional Irrigation Systems 

A typical traditional system (Figures 4.3 and 4.4) is based on main
 
ditches or Muang which carry diverted water from the water source, usually
 
,river or stream. Each Muang is the collective responsibility of the 
leneficiaries of that system who elect a Muang leader. The duties of the 
Uang leader, helped by appointed assistants on large systems, are to: 

1) supervise the reconstruction of Muang,
 

2) supervise and set dates for the repair and maintenance of ditches
 
4nd of their tributaries, 

3) supervise a fair and equitable distribution of water, 

4) investigate misuse and abuse and assess and collect fines, 

5) record the name and size of all land holdings for all farmers in 
the system, 

6) represent the system before the government,
 

7) represent the system in allocating water between systems,
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The village headman is also usually closely involved in running the 
system, chairing meetings and providing consulting support to the Huang 
leader. 

In the rainy season water is generally allowed to flow freely; how
ever when water becomes insufficient in the latter part of the dry season,
its flow is alternated between the laterals of the Muang. The Muang
leaders also meet once a year and decide on the allocation of water arong
the Huang and draw up a schedule with specified water days for each system, 

Credit 

The major agencies for credit in Thailand are shown in Figure 4.5 and 
can be summarized as follows: 

1. Bank for Agriculture and Agricultural Cooperatives (BAAC). 
 This
 
was established in 1966 to take over the functions of the Farmer Bank of
 
Cooperatives and to enlarge the scale of operations to make credit avail
able to farmers who are not cooperative members. The 5AAC makes loans 
directly to individual clients and to agricultural cooperatives and farers, 
groups for relending to their members. Apart from loans for production ard 
investment purposes, 13AAC also has a policy of helping farmers refinance 
their old debts with private money-lenders and redeem land lost through
mortgages. 

BAAC ontains its working capital from the initial fund provided by
the Ministry of Finance, deposits from commercial banks, and farmer insti
tutions, and sales of promisory notes to the Bank of Thailand. 

2. 7he Bank of Thailand at the present time accepts the sales of
 
promisory notes and bills of exchange related to all agricultural activi
ties, with the term being extended for as long as 60 months. In 1975, the 
Bank of Thailand required all commercial banks to release 5% more agricul
tural credit than the previous year's total, and in 1979, it required all
 
commercial banks to extend at least 13% of the total deposits.
 

3. The commercial banking system in Thailand has recently played a 
greater role in farm credit assistance, for instance by making direct loans 
to individual farmers, depositing 1% of total deposits to BAAC, lending to 
other farmer institutions and the purchasing of promisory notes and bills 
of exchange with conditions similar to that of the Bank of Thailand. 

4. The Bureau of Accelerated Rural Development (BARD), has promoted
the organisation of agri-business groups among farmers in re:ote barren
 
areas, especially where there' is also an insurgency problem, to assist 

farmers in technical knowledge, credit, and business management. Agricul
tural credit is the major emphasis of BARD's activities and is financed by

commercial banks with the guarantee by BARD against risk in repayment in
ability associated with crop failure, death or injury and price crises.
 

Farmers 

F g, 
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Marketing
 

and information 
Figure 4.6 outlines the structure of decision making 

flow in the market system. 

Surveys show that in general the prices received 
by farmers for
 

crops i.e. paddy, peanuts, mungbeans, soybeans, garlic, tomato, 
various 
chinese cabbage and local glutinous corn 

are above their total production
 

Some farmers store peanuts, mungbeans and 
soybeans for up to one
 

costs. 

month and may store rice and garlic for 

up to three months, but the majori.
 

Farmers sell their market
ty sell their crops immediately after harvest. 
to the farmers from nearby vil

to merchants who come
able surplus of paddy 
lages or cities. The local merchants then sell the paddy to local 

millers 

Other storable crops such as soybean, peanuts,or millers in the cities. 

sold to local merchants and then channelled 

to
 
mungbeans and garlic are Some
 
either wholesalers in the cities or merchants 

from other provinces. 


farmers also sell directly to the merchants 
in the cities.
 

Vegetables are normally assembled directly 
by local merchants or
 

merchants from Chiang Mai city and/or adjacent 
provinces. They buy from
 

farmers in the afternoon and sell to wholesalers 
in the city that evening.
 

in the cities or
who sell their own vegetables

are also some farmersThere 
sell to local merchants for local consumption.
 

of garlic buyers at harvesting time is normally greater
The number 

buyers travel long distances, due to the 
than that for other crops and some 

in garlic compared with other storable 
higher profitability of dealing 

the marketing system has no
 crops. This well illustrates the fdct that 
A merchant typically deals with any crop 

that he
 
barrier to new entry. 


expects to be profitable. Furthermore, full-time merchants normally 
handle
 

more than one crop, the actual number depending 
on the season and the
 

rarely pay before collec 
facilities required for handling. Since merchants 

ing the produce and farmers do not feel 
obliged to sell to particular buyer
 

farmers' bargaining power is maintained. 
Farmers also rarely sell their
 

crops to money lenders, input suppliers 
or creditors. They are thus rarely
 

taken advantage of in this way and the 
competitive nature of the output maz
 

ket is not restricted.
 

Farmers receive a high percentage of the 
wholesale price for paddy
 

(97.7%) unshelled peanut (86%), mungbean (93%), garlic (64-73%) and lower
 

percentages for tomatoes (63%) and chinese 
cabbage (56%).
 

Most farmers seek price information only 
shortly before each sale.
 

The merchant on the other hand has more 
interest in and access to price
 

there appears to be no difficulty for farmers wantinformation. However, Surveys 
ing more price information since markets 

are easily accessible. 


have shown that farmers have a more accurate 
idea of the price of cash
 

than they do for paddy which is usually for their ow 
crops at 'selling time 

usually more accurate in their estimation 
of the
 

consumption. They am 

garlic than they are fo
 

price of dry season paddy and common crops 
such as 


mungbeans or vegetables.
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Very little marketing service for farm products is provided by the 
agricultural cooperatives as they have difficulty in entering the private
 
business network. For this to come about it would require an integration 
of the existing organisations from the local through to the national level
 
i.e. from farm cooperatives through to the "Marketing Organization for
 
Agricultural Products" or the "Cooperative Federation of Thailand".
 

Transfer of Technical Information 

The Department of Agricultural Extension is the government organisa. 
tion primarily responsible for transferring technical information to 
farmers (see Figure 4.7). It has six regional offices, one of which is at 
Chiang Mai. The regional office coordinates agricultural extension pro
grammes within the region and also acts as a bridge between the Department 
of Agricultural Technology and the Changwat officials. It organises train. 
ing programmes for district extension officers froin various Changwats with. 
in the regions. The Northern Agricultural Extension Office coordinates the 
extension programme of all 17 Changwats in the North. 

The changwat extension officer, although appointed by the Department 
of Agricultural Extension, is attached to the Provincial Governor and takes 
care of the extension programme within the province through district exten. 
sion officers and also organises the training programmes for village (Tanbc 
extension officers. Farmers obtain information services from the changwat 
office.
 

Sources of technical information are obtained from government researc
 
institutions e.g. Department of Agricultural Technology, Division of Agri
cultural Economics, Department of Royal Irrigation,etc. and the Universitie
 
These institutes do not provide extension programmes as such but provide a 
training service for extension officers. In certain instances close colla
boration among Universities, provincial extension officers and farmers does 
occur when research is conducted at the farm level, such as the Multiple
 
Cropping Project village programme.
 

Private companies engaged in the chemical fertilizer or pesticide 
business contribute significantly in transferring new information, especU 
ly on pest control measures, to the farmers. These companies also conduct 
trials in the villages primarily for demonstration purposes. In certain 
intensive cropping areas, such as Mae Ping Kao or vegetable growing areas 
in the Valley, private agricultural enterprises have greater influence on 
farmer acceptance than government organisations or the universities.
 

At the village level, neighbours play a very important role in
 
demonstrating the effect of new technology. For instance, new improved
 
rice cultivars and a heat-tolerant tomato variety in the hot seasons were
 
readily spread through the Hang Dong and San Patong districts by farmer
 
activity.
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The flow of information and farmer acceptance appears to be more s uc 
cessful with respect to the release of new crop cultivars than for manage

ment practices.
 

3. 	 Farmers' goals and values 

There has been no direct research on the nature of farmers' goals and 

values in the Chiang Mai Valley. However, Ireson (1976) and Suthasupa 

(1977) have investigated the socio-economic factors associated with croppi 

intensity, crop choice and cultivation practice, and these studies provide 
MCP havemembers of the group

useful indirect evidence. In addition, many 
of working with farmers in the Valley, particularly in

long experience 
villages of the Hang Dong and San Patong amphurs where FCP 

experimental
 

systems have been tried in farmers' fields under the supervision of the exI 

tension team (see Chapter 5).
 

What follows in this section is based on this experience and 
on in

direct evidence, including the pattern of cropping as now practiced. 
It
 

about farmers' goalsshould be viewed as collectively arrived at hypotheses 

S and values rather than established fact.
 

A goal or objective is an end or state in which an individual farmer
 

desires to be or it is something which he wishes to accomplish (Gasson,
 

Some goals are ends in themselves. In particular, goals reflecting
1973). 

high or distant ambition, more properly called aspirations, are self-


A. 	 sufficient ends. Other goals are simply intermediate steps in attaining 
to

desired ends. For example a farmer in the Chiang Mai Valley may aspire 

a better standard of living or a higher social status and to these 
ends mal 

pursue intermediate goals of acquiring more land or growing 
more crops a 

year.
 

farmerGoals will vary between individual fLrmers and fcr the same 
Values by comparison are more permanentat different stages of his life. 

properties of the farmer. They are conceptions of what is desirable and 

within which both goals and the rmeans for attainitgserve as a framework 
honesty or freedom or progress.

goals are chosen. A farmer Taay thus value 
can assumecultural products, learnt often in childhood, and weValues are 

that most farmers in the Chiang Mai Valley suLscribe for most of the time 
people. These

to the dominant values of the Valley culture and the Thai 
Farmers' values can

include freedom, independence, religious merit, etc. 


Le classified (after Gasson, 1973) as follows:
 

1. 'Materialvalues, e.g. security or monetary wealth.
 

2. Social values, e.g. prestige, social acceptance.
 

3. Expressive values, e.g. being creative, pride of ownership.
 

Intrinsic values, e.g. having fun, outdoor-life, independence.
4. 


,4;
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There is 
no direct evidence as to which kind 
of value is dominant
among Chiang Mai farmers. Villagers in Hang Dong Amphur, however, whenasked what they would do with a hypothetical 4000 Baht income increase from
multiple cropping, replied as follows (Ireson, 1976):
 

1. Daily household consumption expenses 
- 1960 Baht (49%).
 

2. Construction of new house or rice storage barn~investment in
livestock and agriculture - 800 Baht (20%). 

3. Religious contributions or making merit 
- 360 Baht (9%).
 

4. Others - 880 Baht (22%). 

We would hypothesize that material and intrinsic values predominate

in shaping farmers' goals in the Valley.
 

In the rainy season virtually all of the 
agricultural land is plantedto traditional glutinous rice and the bulk of the harvest is consumed by
the farmers and their families. The main exceptions appear to be:
 

1. perennial fruit tree gardens, 

2. vegetables on alluvial soils by the Nam Ping River, 

3. soybean for seed on elevated plots at Lamphun, 

4. tobacco on elevated plots at Lamphun,
 

5. RD non-glutinous rice at San Khamphaeng. 

In at least the last three situations there appearr. to be land in
excess of that required for subsistence rice production and it is thisexcess land which is cultivated with cash crops. 
 At San Khamphaeng, for
example, a farmer interviewed had 13 rai of land. lie was using 5 rai forglutinous rice to feed his family of 6 and the remaining 8 rai were forthe RD non-glutinous rice which he sold, at a good price, directly off the
 
farm.
 

This suggests a primary, shared goal of self-sufficiencyStaple rice food which, in turn, probably reflects 
in the 

common dominant valuesOf self-reliance, independence and freedom from uncertainty. 

The goals as revealed by the pattern of dry season cropping can be
less confidently defined, however. The very rapid and widespread adoptionOf a second crop in they dry season, following the completionschemes strongly indicates that vicond cropping serves or 
of the RID 

one more majorgoals of the MaiChiang farmers. The simplest hypothesis is that they
Seeking a maximal cash return. 

are 
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Wi 

Ireson (1975) in his study of three villages 
in the Hang Dong 


Amphur showed that cropping 
intensity (essentially the 

proportion of land
 
aJI.
 

wi.ith:increasesin a second crop) 
pe
 

i. Family cash income. 


turn depends on,
 
2. Farmers' commercial orientation, 

which in 

r-a
 

a. amount of land 
available
 

reb. optimising and 
activism attitudes
 

c. support infrastructure 	 be 
earned on-farm.of incomed. 	 percentage 

in turn depends on, ti
which

of support infrastructure,3. Farmers use 

;,a. commercial orientation
 

b. optimising and activism attitudes 	
th
 

c. social status
 
or
 

d. agricultural support structure. ha
 

Smallness of amount of land 
available. 


4. 

cropping intensity.5. Previous years 
cc 

villages used discriminant 
analy-

same 	 = 
Suthasupa (1977) studying the 

(cropping intensity 2.00) from 
full multiple croppers

sis to distinguish 	 = 1.04 - 1.90). He showed
 
portional multiple croppers (cropping intensity 
higher net return per rai

have smaller farms,
that full multiple croppers 
and less rainy season rice surplus 

than portional croppers.
 

some cases a farmer 
may thus plant a dry 

season rice crop as 
part 

In these analyses are supportive
goal, but in general

of his self-sufficiency season. Both ro
 
of the goal of obtaining maximal cash returns 

for the dry 

va 

studies showed a strong correlation between cropping 
intensity and commer-

cial orientation of the farmer, but they also 
showed that resources pro- hi 

For example crop- go 
vided no limitation in the adoption of multiple 

cropping. 
or labour supply. Pavailabilityping intensity was not correlated *ith water 	 having an assurdin this respect,are atypical

However the villages sampled 
supply and adequate labour.

dry season water 
S(in the dry sea!son by Ireson (1976)

of the choice of cropAn analysis .zrop is prescribed 	 F(
all other things being equal, the preferred

showed that, L 
as having: C: 

1. less cash investment requirement	 8( 

andyield,stable2. 	 more t. 
h 

3. higher net profit 
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with higher price and higher yield and stable price asmore further contributing factors. This again partly supports a profit maximisation goal butalso indicates a component of risk .version. A more accurate reformulationof t,.p goal, on this evidence, would be the attainment of a high cash return 
per unit of capital. 

In the dry season some farmers may rent their land.out Of significance here is that the rental may be nominal, the landlord, however, placinga stipulation that rice is not grown. The accruing benefit to the landlordfarmer appears to be in terms of the higher nutrient status in his fields,resulting either from applied fertilizer or a legume crop, which will be ofenefit to his next, rainy season, rice planting, The goal here is clearlyiot one of profit maximisation but includes elements of capital conserva
tion and land improvement.
 

Triple cropping, as we have seen, is not the 
norrr in the Valley. A
third crop is only planted in areas where a water, supply in that season isfairly well assured. Such a guarantee is only possible where the farmernas his own tube well or dug well where his land is near a main RID lateralOr in a reliable traditional system. Such farmers would be expected tohav a strong commercial orientation and their choice of third season crops
sr1ests a high responsiveness to market prices.
 

Elsewhere triple cro-ping is seen as too risky a venture. 
 It also
Coincides with that time o- year when festivals are frequent and farmerstraditionally devote time to leisure pursuits. 
In this third season econo,onic goals, as 
in the rainy season, appear again to be tempered by the
 
influence of intrinsic values.
 

Perceptions, attitudes and constraints 

Values are partly determined by the farmer's perception of the envi-Onment in which he lives. For example, self-reliance is especially highlylalued in a risky -nvironment. A farmer's perception of his environment,
his resources and his own capabilities also determine the feasibility
goals and the routes by which 

of 
goals may be attained. Of particular

POrtance is the farmers perception of and attitude towards risk. 
im-

Experience reveals that farmers often hold strong perceptions as
rgards the physical and biological environments of their farma0me instances these perceptions although inare of questionable scientific validity. 
Or instance one 
farmer who had problems in cultivating his soil due to
10e clods applied kitchen salt to his fields each year before the rice
erP in the belief that this would improve the situation. Some farmer's

OtePtionss however, give valuable insight into real problems and their
'oltion, even though the farmer may not be able to articulate the realt-blem in scientific terms. For example, the practice of farmers renewing

t i garlic seed-stock every few years from other parts of the valley may"
1P in overcoming trace element deficiency problems although the farmers
d not be able to explain the reason for the practice (see Chapter 6).
 



144 

Whether based on sound scientific fact 
or not, these perceptions
 

form the basis of decision making as it 
is the farmer's perception of the
 

situation on which he bases his -decisions 
regardless of its reflection of
 

the true situation.
 

Farmers' strategies and tactics5. 

a very comp1l
in this and the preceding Chapter reveal

The analyses 
in the Valley. We have, so far, ir 

pattern of 	decision making by farmers 
degree of precision. Wh 

sufficient 	information to unravel this with any 

a simple working hypothesis of the main choices 
farmers rmke 

follows is 

each year. 

We have made the distinction between strategies and 
tactics in ord,
 
his farmwhich a farmer makes about whole 

to separate the basic decision 

and to which he adheres over a number of years, from decisions which var
 
of his land to another. The former
 

from year to year or from one plot 

farmer pursues. They are products pa


decisions determine the strategy a 
of land and water availability but also reflect hi 

ly of his constraints 
will only change slowly perhaps in 

broad goals and values. Strategies 

the provision of a better water
 

response to the purchase of new land or 

supply. By contrast tactical decisions bear more on imnediate objective 

and reflect, for example, the particular constraints in any year on a pi 

Within a particular strategy a far
 of land or 	changing relative prices. 

one year and shallots the next because 

n;ay, for instance, plant mungbean 
of bad disease problems.

of a better price or the experienceexpectation 

for each farmer concerns the subsistence
The key strategy decision 

season (Figure 4.8). At the 
crop and the cropping pattern for the wet 

subsistence cropan individual farmer not to grow a 
present it 	 would pay 

The RD non-glutinous varieties pr
of glutinous rice in the wet season. 

this as his subsisThe farmer could choose to treat
duce a higher yield. 

or sell all his harvest using part of t 
and surplustence crop sell the 

income to buy glutinous rice for subsistence. 
Alternatively he could p]
 

use part of the incor 
a commercial crop such as vegetables or tobacco and 

to purchase his subsistence rice requirement. Either way he would gain 

higher return than if he planted glutinous rice. 
In practice very few
 

choice in the Valley. Non-glutinous rice is n(
thisfarmers indeed make a cashconsumption and the strategy of growing

acceptable 	 for household 
against traditional value! 

crop and purchasing the subsistence rice goes 

as too risky.
of self-reliance and is regarded 

number of farmers in the Val
 
In the wet 	seasons of 1977 and 1978 a 


before glutinou!to non-glutinous rice enough
devoted some of their land 

rice sufficient to meet their subsistence requirement had been planted. 
rice, reducingof non-glutinousgood national harvestHowever, due to a an 

its price, coupled with a shortage of glutinous rice in the Northern 
farm 

North Eastern Regions, increasing its price, the majority of these 
of go 

were actually worse off, thus emphasising the 	truly risky nature 
subsistence requirementsbefore meetingfor a cash generating strategy 


full.
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We have used the term Commercial Strategies to describe strategies Tab 
rice crop. TherN 

growing the subsistence glutinousonwhich are not based 
(Table 4.3). The exclusive cultivation 

to be three such strategiesappear 
Rice Based Comirercial Stratearice in the wet season, theof non-glutinous all theirrent outlarge land-ownersand only occurs whereis very rare 

land and insist that the tenants only grow non-glutinous 
rice. The tenaw. b)
 

rice either on their ownglutinous
themselves are likely, however, to grow 

growing of vegetables
that they rent. Exclusive

land or on other land 
slightly more common, particularly jr
usually in association with fruit is 

of recent alluvial soil along the Ping River 
with good access to the
 

areas 

Chiang 11ai markets where prices for -egetables 

are high. There is probab
 
in the wet sea.

of tobacco or soybean for seed 
also some exclusive growing of thialong the boundary

field crops commercial strategy occurs 
son. The 

land which is not suitable for pad 
on the higher elevationValley System a)


cultivation, 


Commercial Strategies
Table 4.3: Strategies and tactics 


Tactics
Strategy
Conditions 


Rice based Non-glutinous rice followed 
a) Well irrigated 

by same or high input, high b)
paddy land. e.g.return upland crops 

garlic, cabbage, etc.
 

Rotations of high input
Vegetables/Fruit
b) Well irrigated high return vegetables e.g. 
recent alluvial soil, 
 cabbage, onions, green pep
good markets 


pers, broccoli, carrots,

available. 
 tomatoeswatermelons, peas, 

etc. usually in association 
with citrus or lamyai.
 

Tobacco, soybean for seed,Field crops
c) Higher elevation gli
followed if possible by 

soils, local laivegetables.

processors or he
 
markets available, 

or
 

th 
Subsistence Dominated Strategies 


a) Insufficient land 


for subsistence crop 


__________________________di: 

rice where possi- wiGlutinousExchange 

ble in wet season plus on th 

subsistence or.or in dry
remaining land, 

heuplandseason if possible, 
pasuch as soybean, pea-crops 

nut or chilli pepper readil st 
he or exchangeablesaleable 

for glutinous 
rice.
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able4. 3 .. (cont'd) 

Tactics
Strategy
Conditions 

in 	 wet season 

b) 	 Land rarginally Subsistence plus Glutinous rice 
suffandiin fosub-plus, if possible, glutinous 
sufficient for sub- rice or upland crops as in 
sistence Crop-	 exchange subsistence in dry 

season. 

Cash Strategies
 

plus non-Glutinous rice,Income, riskinput avail-a) 	 Low 
minimizing glutinous rice, soybean for 

ability, water for 	 seed or tobacco in wet seaone or two crops* 

son. Rice followed, if 

possible, by peanuts, soy
bean or tobacco followed by
 

vegetables. 

Early maturing glutinousProfit maximiz-input avail-b) 	 High rice, plus non-glutinousability, water for ing, high risk 
itwo or three crops 	 rice in wet season, followed 

by garlic, chili pepper, 

vegetables or non-glutinous 
rice as second crop and if
 

possible third crop of mung
bean, shallots, non-glutinous 
rice, tomatoes, sweet corn,
 

ginger, etc.
 

own subsistence 
If 	 the farmer, as is most likely, chooses to grow his 

on 	the amount of 
then his choice of strategy depends

glutinous rice crop owns plus that which 
land he has available (this includes whatever land he 

or 	only marginally sufficient
insufficienthe rents). Where his land is 

to produce his subsistence crop 
either because the total area 

is too small
 

both seasons,water supply in one or 
it 	 receives insufficient can0 because 	 (Table 4.3). Wedominatedsubsistence

then his cropping strategies are 	 then he
If 	 the land area is insufficient 

two such strategies.4istinguish 
4ill grow glutinous rice 	 the wet season and 

readily 
will 

sell
use 

as far as possible in 

the season to cultivate crops he can 
the 	 remaining land or dry 

It is also likely that
rice requirement.

O exchange to meet subsistence 
will receive a cash 

as a labourer on neighbours' farms where he 
he will work 	 Exchange Subsistence

This, we have termed the 
4YMent or payment in rice. 	

that at least in some years 
more land, which means

Itrategy. With slightly 	 grow glutinous ricehe 	 may
his whole subsistence requirement,can meet 	 grow crops such as soybean, peause extra to

both seasons and any land 
cash input requirement but may

which are low in
l4t 	or chilli pepper 
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can get a small cashlabour. In this way he
efficiently utilise his family 

we have termed this the Subsistence Plus strategy.
income in some years and 

subsistence rice 
Once a farmer has more than enough land to grow his 

and can be assured of this each year, 
he can then chose a cash strategy
 

year over axd above subsistence
him with ar income everywhich will provide 

Intro
At this stage, for simplicity, we have assumed there are only two such 

consider a farmer with relatively low access 

strategies. In the first we 
for only one or twoland that is irrigated

to cash or credit inputs and 
farmer is likely to follow an Income Generating %ut concei 

crops a year. Such a 
In addition to his glutinous rice he may grow plant

Risk Minimizing strategy. 
 the wet season on land begt
tobacco or soybean-for-seed in beenon-glutinous rice, 

which is close to his dwelling 
(non-glutinous rice) or land which 

is at a 
threeThe rice is then most like1

soybean-for-seed).
higher elevation (tobacco, stratHowever 

to be followed by a low input 

crop such as soybean or peanuts. to fi 

where cash and credit inputs 
are readily available, particularly 

to hire 

high 

extra labour, and where the 
land is irrigated for at least 

two seasons, thl 


Typicallyfor profit maximization. 
farmer may take greater risks and aim 

high 

such a strategy will result 
in the growing of garlic 

or vegetables or non

shallots and tomatoes.
glutinous rice or vegetables such as 

sists
 
Campt

This Profit Maximization, High Risk strategy is the one 
practised in 


It is also Lampa

most of the triple cropping areas of the Valley (Figure 3.2). 
 catic

the strategy most researched on the MCP experimental plots and in the 


It is also evident that the'tactical
Chapter 5).
farmers trials (see 

greater in this strategy than in the risk minimizing 

or sub
options are 


plotE

sistence dominated strategies. 
 tial"
 

desil 
tre at 

toge
 
and 
wate
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CHAPTER FIVE 

cash THE EVALUATION OF CROPPING SYSTEMS 
tegy. 

rice 
y Cropping systems on the University experimental plots 
te nce 

Introduction 
ess 
0 In the early years the work of the MCP was component crop orientated, 
but concentrating on essential basic research such as trials on varieties, 
OW planting-date, fertilizer rate, etc. for each crop. Systems work, once 
.and begun, concentrated on designing and testing a number of high technology 
.ta three crop systems. Although perhaps not explicitly stated at the time, 
ikely the systems being tested were essentially in line with the commercial 

r strategies outlined in Chapter Four (see Table 4.3). The objrlctives were 
re to find triple cropping systems that, under near optimum conditions, gave
 

. the high net returr.s to farmers willing and able to invest in and take the 
fly risks associated with adopting new technology and ideas. 
non

con-
The systems were tested on the MCP Experimental Station i-hich 


of well irrigated land on the Universitysists of approximately 6 ha. 
d in Campus. The soil is predominantly San Sai series closely associated with 
iso Lampang series. It differs from the latter in being sandy, with lower 

cation exchange capacity, lower available phosphorus and a higher pH.
 

b- Six cropping systems were designed and tested on the experimental 

Plots in the period 1974-1976 to study their agronomic and economic poten

tialities under various management practices. A randomized complet5 block 

design with three replications was adopted. The plot'size was 800 m and 
levels of nitrogen fertilizer.treatments consisted of three 

All the systems were based on RD non-glutinous rice varieties. 

the yields of the most profitable treatmentsTable 5.1 indicates 
together with the gross returns, costs of production and net incomes with 

and without considering labour costs for each crop and system. Land and 
Water costs are not included in he costs of production. 



Table 5.1: Actual cropping system budgets for 1975/76 at 
the Multiple Cropping 

Project experimental plots-Chiang Mai University 

System 
No. 

1. Wet 

Cool 

Hot 

Crops 

Rice 

Wheat 

Field corn 

Yield 
Kg/Rai 

980.3 

806.0 

895.6 

Gross 
return 

1764.54 

4030.00 

1791.20 

Cost of production 

With labour Without labour 

1238.94 835,92 

1786.74 1336.26 

1141.68 650.38 

Net income 

With labour Without labour 

525.60 928.62 

2243.26 2693.74 

649.52 940.82 

Total - 7585.74 4167.36 3022.56 3418.38 4563.18 

2. Rice 

Garlic 

Sweet corn 

846.1 

1788.8 

1735.3 

1522.98 

5366.40 

1532.60 

1088.82 

5686.80 

1044.84 

708.72 

3526.80 

805.56 

434.16 

-320.40 

1487.76 

814.26 

1839.60 

1727.04 0 

Total - 9421.98 7820.46 5041.08 1601.52 4380.90 

3. Rice 

Soybean 

Cabbage* 

Total 

883.18 

381.64 

882.00 

-

1589.72 

1908.20 

2205.00 

5702.92 

958.20 

1847.64 

1157.00 

3962.84 

568.50 

1378.56 

737.80 

2684.86 

631.52 

60.56 

1048.00 

1740.08 

1021.22 

529.64 

1467.20 

3018.06 

The cabbage crop failed in 1976, therefore, 
the figures for 1975 were used. 



Table 5.1 


System 

No. 
4. 


5. 


6. 


... (cont'd) 

Crops 


Rice 


Peanut 


(shelled)
 
Tomato 


Total 


Rice 


Tomato 


Mungbean 


Total 


Rice 


Tomato 


Rice 


Total 


Yield 

Kg/Rai 

771.9 


282.8 


1884.0 


-

802.57 


3851.2 


187.0 


-

724.13 


1978.13 


1136.0 


-

Gross 

return 


1389.42 


2262.40 


5652.00 


9303.82 


1444.63 


5761.80 


1944.80 


9151.23 

1303.43 


2967.20 


2044.80 


6315.43 


Net income
 
With labour Without labour 

526.38 806.58 

641.73 1268.61 

4150.44 4569.39
 

5318.55 6644.58
 

315.46 649.81
 

4281.60 4747.95
 

323.51 925.46
 

4920.57 6323.22 

166.73 547.73
 

1251.58 1778.08
 

752.34 13601.14
 

2170.65 3685.95
 

With labour 


863.04 


1620.67 


1501.56 


3985.27 


1129.17 


1480.20 


1621.29 


4230.68 

1136.70 


1715.62 


1292.46 


4144.78 


Cost of production 

Without labour 


582.84 


993.79 


1082.61 


2659.24 


794.82 


1013.85 


1019.34 


2828.01 

755.70 


1189.12 


684.66 


2629.48 


http:13601.14
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System 1: Rice-Wheat-Field Corn 
tha 

As the 1975/76 yields show, wheat candisease be highly profitable, providing peais absent and stem borers are controlled (Furadan was usedcontrol stem to recborers in 1975/76).
labour and has 

The system requires relatively littlea low cash input requirement with a high potentialcome. net in-It is however unfamiliar to farmers in northern Thailand, andrequires sophisticated land preparation and critical timing of irrigation. 
Sys 

income. Perfornkof the system is largely governed by the garlic crop which requires large
 

(Rice-RD 1; Wheat-INIA 66; Corn-Early Thai Composite). 
sec_ 
lab 

System 2: Rice-Garlic-Sweet Corn tom, 
hig) 

The relative profitability of this system depends on which costsincluded. If all labour costs are included it is the least profitable,but if these costs are excluded it has the fourth best net 

are 
few 
The 
the 

amounts of labour and cash inputs (straw for mulching and the costs ofbulbs); in fact, garlic had the highest labour and cash input requirement
of the twelve crops tested in the systems plots. 
Syst
 

total production costs of any crop. 
It also had the highest


Sweet corn was 
also relatively profit.
able and required the least amountof cash input. of labour and the fourth least amountHowever, the marketing of sweet corn is not assured. 
 excl 

The Theimproved performance of the system into a reduction 1975/76 was due primarily ricein "tip burn" and other diseases in garlic. The earlyplanting of garlic to avoid disease incidence is
Garlic-local variety; Sweet corn-hybrid H68). 

critical (Rice-RD 7; 

Comp. 
System 3: Rice-Sobean-Cabbage 

crite 
The cabbage crop in this system failed in 1975/76 because the
variety planted did not stablform heads. Thus the figures

the 1974/75 cabbage yields. 
in Table 5.1 represent 1975/The system produced a very low net income. 
 riceIt has the lowest overall production cost, even when the labour cost is 
 est p:
included, but the soybean crop had relatively low net returns, high pro-
duction costs, and high son ncash input requirements (Rice-RD 7; Soybean-SJ 2; its 1
Cabbage-Copenhagen 86). 
 crops
 

System 4: Rice-Peanut-Tomato
 

This system resulted in the highest net income of the systems tested.It had relatively low total production costs and about averageand cash inputlabour requirements. The primary reason for thethe highly profitable hot season tomato crop. 
good performance was 

It ranked first in net income 
of all crops and had medium relative productioncash input requirements. costs, labour andThe yield of the hot season tomato variety is returm.somewhat lower than for cool season tomatoes, but may be sold at prices 
 costs$
 

at8 1s 
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that are 3-4 times as high as those prevailing in the cool season. The 

peanut crop received an average ranking on all criteria except labour 
second highest (Rice-RD 1; Tomato-L22)requirement where it ranked 

System 5: Rice-Tomato-Mungbean 

The system performed well in both years and in 1975/76 achieved the 

second highest net income with relatively low production costs, average 
The cool-season
labour requirements and the lowest cash input usage. 


tomato crop had the second highest net income, primarily because of the 
ahigh yield and reasonable market price. If the crop had been harvested 

few weeks later, the price received would have been substantially lower.
 

The mungbean crop ranked relatively low in terms of net income but required 

the second least amount of cash input (Rice-RD 7; Tomato-Sida; Mungbean-
CES 55). 

System 6: Rice-Tomato-Rice 

This system was relatively low in terms of net income and had 

relatively high production costs;in factthe highest costs when labour was 
excluded. Success of the system depends upon timely rice transplanting. 
The tomato crop can only be successfully inserted if the hot-season rice 

isplanted in early April and harvested in early July with the wet-season 

rice transplanted a few days later. 

Comparis ons
 

Tables 5.2 and 5.3 show the ranking of crops and systems by selected
 
criteria. It is of interest to note that the RD rice crop had relatively
 
Stable yields and net incomes both within 1975/76 and between 1974/75 and 

1975/76. In terms of comparison with other crops, the RD non-glutinous 

Pice ranked average to low in relative net returns, but had one of the low

est production costs. The cash input requirements for producing wet-sea

son non-glutinous rice were lower than for any other crop tested, while 

its labour requirement was average to low. By comparison the alternative 
Crops have: 

(1) somewhat more variable yield over space and through time; 

(2) higher production costs;
 

(3) higher cash input requirements; but
 

(4) the potential for substantially higher net incomes.
 

In general the cropping systems which give relatively high net
 
tturns are usually the ones where total costs, labour costs and cash
 
COSts, are also relatively high; and vice versa. This clearly has an 
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Table 5.2: Crops Ranked by Selected Criteria, MCP Experimental Plots 1975/76
 

Net income Cost of production Labour used Cash cost
 

Including labour Excluding labour Including labour Excluding labour (high to low) (low to high)
 
(high to low) (low to high)
 

Tomato Tomato Rice Rice 
(hot season) (hot season) Garlic (hot season) Garlic (wet season) 

Tomato Tomato Rice 
(cool season) (cool season) Sweet corn (wet season) Peanuts Mungbean 

Wheat Wheat Rice Cabbage Rice Rice 
(wet season) (hot season) (hot season) 

Sweet corn Garlic Field corn Sweet corn Mungbeans Sweet corn 

Cabbage Sweet corn Cabbage- Field corn Cabbage Wheat 

Rice 
(hot season) 

Cabbage* Rice 
(hot season) 

Peanuts Tomato 
(cool season) 

Field corn 

Field corn Rice Tomato Mungbean Soybean Cabbage" 
(hot season) (hot season) 

Peanuts Peanuts Tomato Tomato Wheat Tomato 
(cool season) (hot season) (hot season) 

Rice Field corn Peanuts Tomato Tomato Peanuts 
(wet season) (cool season) (hot season) 

Mungbeans Mungbeans Mungbeans Wheat Rice 
(wet season) 

Tomato 
(cool season) 

Soybeans Rice Wheat Soyhean Field corn Soybean 
(wet season) 

Garlic Soybeans Soybeans Garlic Sweet corn Garlic 

Thn c~l-11a- cxop faisled in 1976. The r'efc.rv the figus for' 1975 were ased. 

http:r'efc.rv


The cabbag crop failed in 1916. Therefore, the figures for 1975 were used. 

Table 5.3: Systems Ranked by Selected Criteria, MCP Experimental Plots 1975/76 

Net income 

Including labour Exluding labour 

(high to low) 

Rice-PeanUt- Rice-Peanut-
Tomato Tomato 

Rice-Tomato- Rice-Tomato-
Mungbean Mungbean 

Rice-Wheat- Rice-Wheat-

Field corn Field corn 

Rice-Tomato- Rice-Garlic-
Rice Sweet corn 


Rice-So~bean- Rice-Tomato-
Cabbage Rice 

Rice-Garlic- Rice-SoXbean-
Sweet corn Cabbage 

Cost of production
 
Including labour 

(low 

Rice-SoXbean-

Cabbage" 

Rice-Peanut-
Tomato 

Rice-Tomato-

Rice 

Rice-Wheat-
Field corn 


Rice-Tomato-
Mungbean 

Rice-Garlic-
Sweet zorn 

Excluding labour 
to high) 

Rice-Tomato-

Rice 

Rice-Peanut-
Tomato 

Rice-Soybean-
Cabbage' 

Rice-Tomato-
Mungbean 


Rice-Wheat-
Field corn 

Rice-Garlic-
Sweet corn 

The cabbage crop failed in 1976. Therefore, the figures for 1975 were used. 

Cash cost 

Rice-Tomato-

Mungbean 

Rice-Wheat-
Field corn 

Rice-So.bean-

Cabbage' 

Rice-Peanut-
Tomato
 

Rice-Tomato-
Rice 

Rice-Garlic-
Sweet corn 

Labour used 

Rice-Garlic-

Sweet corn 

Rice-Tomato-
Rice 

Rice-Tomato-

Mungbean 

Rice-Peanut-
Tomato 


Rice-Wheat-
Field corn 

Rice-Soybean-
Cabbage* 
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esta
of the farmers' need for agricultural credit 

important implication in terms 
farmer - who are relativ ping 

Even though funds may be available often only those 
relativ comp

from this availability while those who are 
ly well-off will benefit 
ly poor, will lack the necessary collateral to borrow. 

The traditional ing
 

value placed on self-reliance may
attitude against being-in-debt, and the 

also add constraints to the adoption of such high 
cost systems. 

anpd 

from the village programme2. Experience 	 COtt 
to
 

Objectives tiorn 

with the object the was begun in 1975
The village programme of the MCP 

and farTfeasibilityunder actual farm conditions, the biological
of verifying, 	 tiot. 
economic viability of the cropping systems 

developed at the experimental 

The latter are essentially field labora-
cocC 

plots on the University Campus. and
 
tories well supported by manpower, with 

plentiful water, and lacking most 


farms in the Valley. The village programme pigs 
of the constraints typical of 

of testing the relevance of the MCP research and 
was thus seen as a way 	

on a dayworkers to farmer problems
also a means of exposing the research se a 
to day basis. In t 

- istro 
Fie" 

The Test Villages 

The following criteria were used in selecting 
the test villages: 	 greE 

(1) 	water availability all year round; cre(
 
for
 

(2) soils typical of the valley; 


(3) accessible by road all year, reasonably close to 
the
 

Me tl 
to each otr r, andUniversity and 

(4) with socio-economic characteristics, typical of the irrigated 	 vil,
 
areas. 

in the
Kaew at Mu 1 Tambon Han Kaew 

Two sites were chosen: Ban Han 	 ofBan Mae Kung and Ban Klang Nuc 
adjoining villages

Amphur Hang Dong and the 	 als, 
at Tambon 'an Klang in Amphur San 

Patong. Both lie about 18 km. to the 

pen: 

south of Chiang Mai. 


Both receive irrigation water from the Mae Taeng Irrigation Project 

laterals 22 and 23 feeding Han Kaew and laterals 23 and 24 feeding Mae cul 
About 54% of the households rely solely on the Mae
 Kung and K.ang Nuo. 	 plo
1% on rain, thEand shallow wells and 

13% solely on natural streamsTaeng, Han Kaew is on Hangcombinations of these.remainder relying on various 
Mae Kung and Klang Nuo on Lampang series.

Dong series soil and 

A base line survey of the villages was conducted by the Social
 

Science Research Center at Chiang Mai University. 
The villages were firs'
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credit established 80-150 years ago when there was a surplus of land and therelativ( ping was cropalmost entirely dependant on direct rainfall. By 1975 the villagesrelativ( comprised 2,397 people in 503 households, with an average paddy land holdaal ing 4-5of only rai, below average for the Valley and for Thailand. 
a may The survey found that 70% of the population accept family planningand newly married men express a desire for 2 or 3 children. 70% of the
population over 6 years of age had finished primary 4 education. 

The majority of the population (65%) are engaged in farming, withcottage industry, general and agricultural employment as secondary occupations. Only half of the farm households, however, own paddy land. Halfject the remainder are engaged as agricultural labourers and half as tenant.y and farmers. The villages suffer from a shortage of leasehold land. In addiital tion to paddy land, 32% of the households have orchards, mostly devoted to)ora- :oconuts and longan. Most households have homemost gardens, growing vegetablesmd raising chickens, and about half of the hcuseholds also raise 2 or 3 
nmme igs. 
and
 
a day 
 Double cropping is normal practice in the villages.
;eason local glutinous rice varieties (Kam phay, Kaew and RD 

In 
2) 
the 

are 
wet 

grown.n 
the dry season non-glutinous rice, RD 1, is grown (with RD 7 being inroduced). 
 This is partly for sale, but because of the land shortage there
 s 
increasing planting of rice in the dry season for household consumption.
ield crops in the dry season include soybeans, peanuts, garlic, lettuce,

reen pepper and tobacco. 

Seeds and fertilizer are generally purchased from local merchants on
redit, with payment in kind after ha rvest. Only a few farmers use cash 
or labour and other inputs. 

.thods
 

ted 
 The MCP has assigned one extension staff member to work in each
[llage. 
 They make visits at least 3 days a week and there are back-up
sits from members of the research staff. Labourers are 
hired to assist
le farmers in managing the cropping systems and for record keeping. Some g Nuo the inputs are provided by the Project on 
credit and the farmers are
he -so assisted in finding market outlets 
for new crops. There is also com
*nsation for loss.
 

ject, Farmers selected for the tests must have rightthe to year-rounde Itivation on the same land (they may be owners or tenants), access toae od year-round water supply and a willingness to take part. The test , the r.Ots on each farm are about half rai inone size. 
ang
 

first 
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Cropping Systems Tested
 

Table 5.4 shows the systems tested each year with their net income
 

returns.
 

Table 5.4: 	 Cropping systems tested by the MCP in the
 

villages with net income returns (averages
 

of the two Villages).
 

1975/76 

________F4RDl Rice-Peanut-Tomato 


RD1 Rice-Tobacco-Chinese Cabbage 

RD1 Rice-Soybean-Caggage 

RD1 Rice-Tomato-RD1 Rice 


1976/77 
- RD7 Rice-Peanut-Tomato 

RD7 Rice-Tobacco-Peanut 
RD7 Rice-Garlic-Corn 

1977/78 
RD7 Rice-Peanut-Tomato 
RD7 Rice-Tobacco-Peanut 

+ 

RD7 Rice-Soybean-Sweet corn

RD7 Rice-Garlic-Mungbean 


1978/79
 
Kao Dor Rice-Peanut+-Tomato+ 


-

San .Patong Rice-Peanut Tomato

+
 

RD7 R'-e-Peanut-Temato+
 
RD7 Rice-Soybean-Sweet corn 


+

RD7 Rice-Garlic-Mungbean
RD7 Rice-Tomato-Stringbean 

+ 

n+ 

Kao Dor Rice-Tomato-Stringbea

Kao Dor Rice-Pepper 


++
 
Crop failure
 

Net income (Baht 
4809,14 
3509.02 o 
2254.65 
1586.00 WLn 

5811.95 
4834.55 
3939.37 .F 

:;1-o 
4787.15 o 

4130.71 ' 

3945.06 r4 
3759.50 +j > 

'04J 

n F 

8 
4- rd 

642 
7865.24 E a 

.-

U, 

Tables 5.5 and 5.6 show the cost and returns to various systems
 

Tables 5.7 and 5.8 show the ranking
operated by 	the farmers in 1975/76. 


of crops and systems by net income, cost of production, labour utilizatin,
 
The first two criteria were calculated including and exand cash cost. 


cluding labor- costs. 

/
was hot season tomatoes- due tO

The most profitable individual crop 

the high prices received by the farmers. By contrast rice in the hot seaS,
 

was the lowest ranking crop, because of its low yield and moderate 
costs O0
 

New system
 

MQ*
 



--------------- ------------

by the Farmers in the Village Programme 1975/76 

SystemC 	 Gross Cost of production Net income
 
return With labourNo. Crops 

1 	 Rice 


Peanut 


Tomato 


Total 


2 	 Rice 


Tobacco 


Chinese Cabbage 


Total 


3 	 Rice 


Soybean 


Cabbage 


Total 


4 	 Rice 


Tomato 


Rice 


Total 


Without labour With labour 

Baht/rai-- 

621.25 370.61 


451.92 89.18 


1,116.93 3,820:19 


2,190.60 4,279.98 


621.75 370.61 


827.32 971.05 


1,367.47 1,341.66 


621.75 370.71 


318.98 519.16 


130.97 	 2.98 


1,071.80 892.85 


621.85 370.71 


300.32 1,061.50 


430.06 -359.83 


9U'.00 1,072.38 


Without labour 

840.87
 

481.69
 

4,082.79
 

5,405.35
 

840.87
 

1,764.17
 

2,605.04
 

840.87
 

810.10
 

134.22
 

1,785.19
 

840.87
 

1,702.37
 

-43.59
 

2,499.65
 

(

1,462.62 


933.61 


5,199.72 


7,595.95 

1,462.52 


2,591.49 


-

4,054.01 


1,462.62 


1,129.08 


265.19 


2,856.89 


1,462.62 


1,594.46 


386.46 


3,443.55 


1,092.01 


844.43 


1,379.53 


3,315.97 


1,092.01 


1,620.44 


.. 

2,712.45 


1,092.01 


609.92 


262.21 


1,964.14 


1,092.01 


532.96 


746.30 


2,371.27 


http:2,371.27
http:1,092.01
http:1,964.14
http:1,092.01
http:2,712.45
http:1,620.44
http:1,092.01
http:3,315.97
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http:3,443.55
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http:2,605.04
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Table 5.5 ... (Cont'd) 

System Crops 

No. 

Traditional 1 	 Rice 

Tobacco 

Total 

Traditional 2 Rice 


Soybean 


Total 


Traditional 3 Rice 


Chilli 


Total 


fable 5.6: 

Gross 	 Cost of production Net income
 

return With 	 labour Without labour With labour Without labour 

769.57 

(--------------- Baht/rai- - ----------- - - -- ) 

1,073.71 717.97 304.14 355.74 

3,198.12 1,976.18 1,113.27 1,223.94 2,084.85 

4,271.83 2,692.15 1,417.41 1,579.68 2,254.42 

1,073.71 717.97 304.14 355.74 769.57 


1,173.32 531.89 253.98 641.43 919.34
 

2,247.03 2,149.86 1,458.12 996.17 1,688.91
 

1,073.71 717.97 304.14 355.74 769.57
 

2,446.27 1,305.37 532.64 1,140.90 2,193.63
 

3,519.98 2,023.36 556.78 1,496.64 2,963.20
 

Estimated Costs 	and Returns to Various Systems Opevated by 
the Farmers in the Village Programme 1976/77
 

0 

http:2,963.20
http:1,496.64
http:2,023.36
http:3,519.98
http:2,193.63
http:1,140.90
http:1,305.37
http:2,446.27
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System 

No. 

Crop 

Rice 

Soybean 

Sweet corn 

Total 

2 Rice 

Peanut 

Tomato 

Total 

Rice.......... 

Tobacco 

Peanut 

Total 

4 Rice 

Garlic 

i LUgbean 

Total 

the Farmers in 

Gross 
return 


Baht/rai 


1,873.80 


1,137.60 


3,165.65 


6,177.05 


1,873.80 


1,137.60 


3,210.22 


6,221.62 


.,873.80 


2,587.07 


1.... 


610.50 


5,071.37 


1,873.80 


3,908.26 


14.0 


5,927.08 


the Village Progamme 1976/77... 

Cost of
production Net return
Baht/rai 

Baht/rai 


837.54 
 1,036.26 


769.23 
 368.37 


669.19 
 2,466.5 


2,275.93 
 3,871.13 


837.54 
 1,036.26 


769.23 
 896.73 


1,350.96 
 1,859.26 


2,957.73 
 3,792.25 


837.54 
 1,036.26 


1,733.34 
 853.73 


977.66 
 336.36 


3,547.94 
 1,523.63 


837.54 
 1,036.26 


3,524.15 
 384.11 


.7 


4,836.39 


74,7nG 

1,090.69 


Net return
without 

labour 

Baht/rai
 

1,403.17 


727.94 


2,794.04 


4,925.15
 

1,403.17 


1,897.32 


2,426.64 


5,727.13
 

1,403.17 


1,775.2 


201.08 


3,379.45
 

1,403.17 


1,214.01 


-


2,511.3
 

Sample 
size 

25
 

7
 

1
 

25
 

6
 

3
 

25
 

6
 

6
 

25
 

6
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Table 5.7: Crops 	 Ranked by 

Net income 

Counting 	 Not counting 


labour cost
labour cost 

(high to low) 


TomatoTomato 
(hot season) 	 (hot season) 


Chili pepper
Tobacco* 
Chili pepper 	 Tobacco 


Tobacco
Tomato 

(cool season) Tomato 


(cool season)
Tobacco 

Soybean
Soybean 


Soybean 	 Rice 

(wet season)
Rice 


Rice* 	 Soybean 

PeanutPeanut 

Ch. cabbage 	 Rice 

Ch. cabbage
Rice 


(hot season) 	 Rice 

(hot season) 

. I. p 1r t It i t A l 

in the Village Programme 1975/76Selected Criteria 

Cost of production
 
Counting 	 Not counting Labour used 

labour cost (high to lowlabour cost 

(low to high) 


Chili pepperCh. cabbage 	 Ch. cabbage 
Soybean 	 Tobacco*
Soybean 
 Tobacco
Soybean
Tomato 


Tomato
(cool season) 	 Rice 

(hot season) 	 Tomato
Soybean 


(hot season)
Rice* 

Rice Soybean Rice 

Rice* 


(hot season)
(hot season) 	 Tomato 

(cool season) Peant
Peanut 


Rice
Peanut
Rice 

(wet season) 	 Tobacco Rice 


(hot season)Chili pepper Tomato 

Tomato (hot season) Soybean 


Soybean
(hot season) 	 Tobacco 

Chili pepper 	 Ch. cabbage
Tobacco 


Tobacco 

Traditional
 

Cash cost
 
(low
 

to
 
high)
 

Rice 
(hot season)

Rice*
 

Ch. cabbage
 
Tomato
 
Soybean*
 
Soybean
 
Rice
 
(wet season)
 
Peanut 
Tobacco*
 
Tobacco 
Chili pepper 
Tomato
 
(hot season)
 



Table 5.8: Systems Ranked by Selected Criteria in 
the Village Programme 1975/76 

Counting Not counting 

labour cost labour cost 

(high to low) 

Rice-Peanut- Rice-Peanut-

Tomato Tomato 

Rice-Tobacco- Rice-Chili" 

Rice-Chili" Rice-Tobacco 

Counting Not counting 

labour cost labour cost 

(low to high) 

Rice-Soybean- Rice-Soybean-

Cabbage Cabbage 

Rice-Chili" Rlce-Chili-

Rice-Soybean Rice-Soybean 

Labour used 

(high to low) 

Rice-Peanut-
Tomato 

Rice-Chili" 

Rice-Tobacco-
Ch. cabbage 

Cash cost 
(low to 
high) 

Rice-Soybean--
Cabbage 

Rice-Soybean" 

Rice-Chili'" 
al 

Rice-Tobacco-
Ch. cabbage 

Rice-Tomato-
Rice 

Rice-Soybean" 

Rice-Soybean-
Cabbage 

Rice-Tobacco-
Ch. cabbage 

Rice-Tomato-
Rice 

Rice-Soybean-
Cabbage 

Rice-Soybean. 

Rice-Tonmato-
Rice 

Rice-Tobacco 

Rice-Tobacco-
Ch. cabbage 

Rice-Peanut-
Tomato 

Rice-Tomato-
Rice 

Rice-Tobacco 

Rice-Tobacco-
Ch. cabbage 

Rice-Peanut-
Tomato 

Rice-Tobacco 

Rice-Soybean-
Cabbage 

Rice-Soybean 

Rice-Tomato-
Rice 

Rice-Tomato-
Rice 

Rice-Tobacco 

Rice-Tobacco-
Ch. cabbage 

Rice-Peanut-
Tomato 

Traditional 
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0 

S-

-


6
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I/ and soybeans- required the least input.
 

production. Chinese cabbage 


Cool season tomatoes had 
a lower production cost 

than hot season tomatoes
 

Tobacco required the most 
input
 

(whether or not labour cost 
was included). 


per rai when labour was 
counted, but chili was the 

third most profitable
 

It was the most costly crop 
to grow, requiring the greatest 

amount
 

crop. 

of labour, and it remained 

in the field longer than any 
other crop.
 

of systems, the most profitable 
system was Rice-Peanut-

I ternms 2/ when labour was in°2-/ and Rice-Chili
followed by Rice-Tobacc
Tomato= 

Rice-Soybean-Cabbage was least 

profitable
 
cluded in the calculation. The system which required most
 
because of the high cost of 

production. 
 In general
 
cash was Rice-Peanut-Tomato 

but this had the best cash return, 


the systems which gave a good 
cash return normally required 

extra work and
 

It also became clear that some 
of the more promising
 

capital investment. 

systems were too risky because 

of insect and disease problems 
in the off

cabbage, chinese cabbage and tomato.
 season for such crops as: 


Comparison with the MCP Experimental 
Plot Results
 

It is to be expected that crop production 
on an experimental station
 

a farmer's field. Comparing Tables 5.1
 
will take more resources than in 


only the production costs of tomato 
in the hc
 

and 5.5 it is apparent that However,
 
season in the MCP plot was less 

than that in the farmer's plot. 

Net returns were
 

the net returns appear to be 
in the opposite direction. 


higher in the experimental 
plots than in farmers' 

fieids,except for hot
 

season tomato and soybean.
 

In terms of component crops Tables 
5.2 and 5.3 and 5.7 and 5.8 in

dicate that both cool and hot 
season tomatoes performed well 

both in the
 

Hot season rice produc
 
MCP and the village plots in 

terms of net income. 


a higher net income than the 
wet season rice in the MCP plots but the

Pean
 

reverse was the case in the 
village due to the poorer water 

supply. 


production was similar in both 
places, but required rather high 

costs
 

At the village plots it gave 
a good
 

(including labour) at the MCP 
plots. 

Soybeans gave a loA
 

net return, but less than chili 
peppers and tobacco. 


net return at the MCP plots, 
but it gave moderately good return 

on the
 

farmers' plots. Production costs were very much 
lower for soybeans growr
 

on the village plots, especially 
when labour was considered.
 

In summary, the Rice-Peanut-Tomato 
system was the most profitable
 

system in both places. Rice-Soybean-Cabbage produced very 
low returns,
 

because of the poor cabbage crop 
in both places and Rice-Tomato-Rice 

was
 

moderately successful.
 

l/ = New system
 

2/ = Traditional system
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The team concluded that the most promising systems for further exten

sion trials are:1su 

at 	 1. Rice-Soybean-Sweet corn
 

Rice and soybean double cropping is well known in the area and a
 
third crop of sweet corn has the advantage of utilising the residual ferti
lity from the soybean crop. Sweet corn also requires little labour and
 
fetches a good, although not assured, market price.
 

ral 2. Rice-Peanuts-Tomato
 
and
 
ng 	 Again the double crop is well known and tomatoes can be grown on 

the peanut beds, thus reducing the labour requirement. The new heat
tolerant tomato varieties (L-22) yield well in the hot season and fetch a 
high price. 

3. Rice-Tobacco-Peanuts 

ion Rice and tobacco are already extensively grown, the latter being
assured of a guaranteed price from the tobacco kilns. The peanuts are
hot grown on the tobacco beds and utilise residual fertilizer. They are also
heat tolerant and require little labour. 

re 

Experience from the Programme 

-
 The test plots also demonstrated the superior yields and incomes of
3the new non-glutinous varieties of rice. Average yields were increased
iced 
 from 60-95 thang per rai and income from 1,100 Baht to 1,800 Baht per rai. 

However, the non-glutinous rice was not acceptable for home consumption andanut 	 the increased yields were thus irrelevant in the context of providing self
sufficiency in rice production. Because of the small landholdings in theD d test villages after planting sufficient glutinous rice in the wet season to

:)w Meet home consumption requirements,there was little or no land remaining 
on which A cash rice crop could be grown.

.4n 

The early 	planting of rice also created a severe problem of bird
damage, since the rice maturing ahead of the main crop attracted the full
attention of the local bird population. There appears to be no ready solu
tion other than synchronous maturity of the village rice crop which results 
in a more dispersed bird attack. The team did, however, find that rice
Stem borer could be controlled in the field by applying BHC only once or as
needed, as opposed to the standard recommendation of three applications.
 

The test plots also demonstrated the value of rhizobium inoculation
in improving soybean yields. Originally farmers were encouraged to plant
Soybeans in beds following the rice crop. Yields were higher but the
 
greater return was more than eliminated by the higher cost of land prepara
tion. Subsequently the team adopted the traditional farmers practice of 
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planting soybean directly into the rice stubble, after burning off the istalks. The latter practice appears control weedsto 	 and pathogens andash is likely to increase potassium levels in the soil. 

As far as peanut is concerned, the test plots demonstrated the benfits 	of liming. Initially the recommendation was to plant peanuts in twper metre bed, but the farmers' practice of 3 rows rows 	 per metre bed
proved to be more productive. 

Garlic production in the test 	plots demonstrated valuethe of fertlizer and herbicide applications. 
However the farmers maintained that

fertilized garlic results in seed shrinkage and hence a lower percentage

germination. Experience also showed that RDl rice straw is an inferior
milch to local rice since it decomposes more quickly and is of shorter 

ntature. 


The test plots also demonstrated the residual effects of fertilize,Al applied to tomatoes on the subsequent rice crop. The farmers, though,
maintain that heavy and frequent use of chemical fertilizer results in 
soil 	compaction. 


Problems and Constraints 

The most serious 
physical problem encountered in the test villages 

was the unrel'ability of irrigation water, paticularly in the dry season.
By contrast, in the wet season many of the farmers suffered from excess
water due to inadequate lateral canals and poor drainage systems. 
 Draina
mainly consists of the passing of water from one plot to another. 

The matching of crops to land elevation also caused problems in thetest villages. Farmers were recommended to grow rice on the well irriga-
ted low-lying land, soybeans at the intermediate level and peanuts or othifield crops on thle high elevations. 
However these recommendation were
frequently ignored, largely because of the fragmentation of land holdingsIn consequence rice is often grown on elevations above peanuts, or other
field crop plots, resulting in irrigation water leaking from the former :r 
to the latter. 

Pest 	problems, particularly birds, rats and insects, were oftenserious in the test villages. There were also losses due to crops being
stolen when planted on land distant from the residential areas of the
 
village.
 

Attempts to intensify multiple cropping were constrained by a short-age of farm machinery, particularly the unavailability of tractors for

hire, which were needed to shorten the turn-around time between crops in
the sequence. A futher constraint was the lack of seed at critical times 
and its poor germination qualities. 
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Marketing of crops in the introduced systems suffered from low prices
 

-ived for the second and third crops in the sequence. Lack of ready or
 

access to processing and canning factories also caused problems 
with
 

[shable crops such as tomatoes, cabbage and other vegetables.
 

Farmer attitudes and practices were also observable constraints to
 

the tradition of transplanting!nsifying multiple cropping. For example 
,ig carried out by the women and children, and ploughing and land prepara

nby the men, resulted in longer turn-around times in the cropping
 

Il the hot season the preparation for and participation in
 aence. 
at that time.tivals reduced the attention given to cropping 

Finally it was observed that much of the extra income generated by 

cropping tended to be spent on clothing, recreate profitable multiple 
on and the purchase of "luxury" goods rather than being reinvested in 

farm. In a number of cases successful farmers left farming and set up 

traders or commercial drivers. 

The problems encountered in the testing villages is an indication of 

for such a testing phase in multiple cropping research. Itnecessity 
o demonstrates that a very large number of farmers are constrained in
 

lious ways from operating under the conditions for which 'optimum systems' 

!designed. 

A portrait of the Valley systems and the 

constraints to Increasing Intensity 

It becomes obvious that if the work of any multiple cropping research 

p is to s-rve the needs of the majority of the farmers for whom it is
 

!ring, rather than a single group following a particular strategy, then
 

.arch must consider the constraints faced by all groups of farmers. 

The MCP testing villages are, if anything, relatively well endowed
 

regards multiple cropping infrastructure compared to a large number of
 

lages in the Valley. This section attempts to portray the more common
 

8traints to increasing system profitability that are likely to be
 
ed in the more common systems that are actually operating througherie. 


the Valley.
 

&Le Cropping Systems
 

As we have seen in Chapter 3, the majority of these systems are mono-


Ped rice systems, using traditional glutinous rice varieties, trans
ted in July or August when water (rainfall supplemented by irrigation)
 

rice in days,sUally adequate. The remains the ground for about 120 

'Usually ruling out the possibility of a second crop from rainfall
 
le. 'They usually occur in unirrigated, rainfed areas in the poorer 

.tional irrigation systems, in RID areas distant from the main canals
 

iliflood-prone areas, although here the single rice crop is grown after
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the threat of flooding is over. Although other monocrop systems do exist 

usually of high value crops such as tobacco, they tend to be on higher 

land that cannot be used for rice or on land surplus to that needed to gr 

the household's rice subsistence requirement.
 

Single cropping systems are usually characterized 
by the existence 


of obvious major constraints to increasing cropping intensity; 
lack of 


Inadequate

adequate dry season water probably being the most common. 


labour may be a constraint to some of the larger land owners, 
but this ca 


to landless farm,,

often be overcome by renting the land in the dry season 


Other, generally less common and more subtle, constraints may include lac 

of capital, credit, markets or knowledge and unwillingness to risk a dry 

season crop.
 

Double Cropping Systems 


These are generally found in the better traditional irrigation
 
dry season water is available, across large areas of


schemes where some 


the RID schemes and in areas of good all-year-round water 
supply which, 


They ar 

however, are prone to water-logging at the end of the 

wet season. 

also found in some tube-well areas or on the higher elevation land in sole 

triple-cropping areas (see Chapter 3). 

A considerable number of these systems tend to be 
owner-operated in 


the rainy season for glutinous rice and then tenant operated, usually for 
At the high input end 
high-input, high-return crops, in the cool season. 


garlic or tobacco follow short-season glutinous rice 

upland crops such as 


R.D. varieties, while at the low input end traditional 
glutinous rice 


or 
 or nor 

varieties are followed by a low-input crop such as soybean, peanuts 


glutinous rice in the warm-season. 


The benefits of going to triple cropping in some of these systems a 

less obvious than in the change from single to double cropping. Indeed, 

in some double cropping systems no water or time constraint appears to 


preclude a change to triple cropping but the potentiality for increasing 
cropping intensity is not exploited. It may simply be that the attendant 
risks are too great for the farmer, or that double cropping is in fact 
superior to triple cropping in these instances. 

are generally difficult to
The constraints to triple cropping thus 

define. Labour and credit constraints are probably important along with 
the fact that the tenant who rents the land only in the dry-season is 

constrained by being unable to manage the wet-season rice crop in such a 

way as to permit triple-cropping. Another major constraint within the 


farm is the height of the field. Low lying fields tend to be prone to 

water-logging after the rice harvest or the harvest is delayed due to
 

flooding earlier in the season, thus precluding the early planting .,f the 
second crop and leaving insufficient time for a third crop to be grown. 
On the other hand high elevation fields tend to be more difficult to irri' 
gate when water is scarce in the dry-season. Thus sometimes ic is only iD 
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:;e medium elevation fields where triple croppi, ' can be mdertaken with
confidence.
 

Because of the higher sensitivity of the high irnput double cropping
Idall triple cropping systems to turn-around time and planting-date of
.je second crop, time delays are 
very important constraints. These arise
rom the tendency of some fields to be water-logged theat end of the ricemop, 
 from lack of irrigation water at, and immediately after, second crop
Lanting times (due to closure of canals for maintenance) and from inifficient labour at the right time. A high subsistence demand in the'ainy season may also preclude the of shortuse duratioi (lower yie]dLng)lutinous rice or non-glutinous RD rice varieties. 

riple Cropping Systems 

The main characteristic of the triple cropping areas is their good
ter supply. They are usually found in a number of small areas in theDsystems, usually tonear the main canals, in areas where traditionalstems complement the RID schemes, in tube-well and dug-well areas and in
-
smaller side Valleys where traditional irrigation schemes, taking
ter from the mountain streams, are more reliable throughout the year,- example areas in Chomthong (see Chapter 3). 
 Triple cropping systems
a 
usually either owner operated or single tenant operated for all 3
)ps and are characterised by the use of short duration glutinous rice,ieties or RD varieties harvested in October/November. Another disiguishing characteristic seems to be a high input, high return second,psuch as garlic or tobacco followed by a low-input, upland, catch-cropRD rice in the third season. Another type of system common in the dug1 area is glutinous rice followed by vegetable crops (often cabbage).
this system cropping indices as 
high as 500 are sometimes achieved.
 

Constraints to increasing the profitability of triple croppingtenis are much more difficult to pinpoint but probably include labour,ital and time constraints and the fact that some systems are precluded,
ause of the elevation of the field and its susceptibility either
toer-logged or dry conditions at different times of the year. 
Attempts to
rease the profitability of triple-crop systems also likelyare to inase the risk involved and certain systems may be undesirable for this 
scn. 

Means of increasing productivity may includ- allowing earlier plantdates for the planting-date-sensitive second crops, thus ensuring
ler yields and prices. 
Another means may be the fuller utilization of
system properties emanating from interactions between the crops in the
:ems (see Chapter 6).
 



Constraints at the Valley Level
 
pax
 
oth
 

In pursuing their goals farmers are constrained by a variety 
of 


physical, economic, social and political limitations. They may also be Orc
 
constrained by the demand of conflicting goals or values which they also
 part the
 
hold. If the most significant of these 	can be overcome, at least in 

and the well-being of farmers and Pon 
then presumably agricultural production 

improve. However, although a cia 
their families in the Valley will markedly 

in 
considerably effort is being made to identify and quantity 

the effects of 
att
 

the existing constraints, their relative importance is 
still difficult to 


age
 
assess. 
 age
 

Lack of water is likely to prove the most significant constraint to fac 

crop production. The observations and experience of the MCP lab 
increased 

if not all, parts of the Valley farmers 	 are to 
team suggest that in most, 

able to make good, if not necessarily optimal, use of water throughout the Cha:
 
year providing the supply is reliable and secure. However, there is also are
 
evidence that more dry season water is available than is currently being
 

used; thus a marked increase in cropping intensity in the Valley can
 

-	 possibly be brought about by improving water use efficiency. 

Although the existing marketing system in the Valley is working 
3 	 relatively efficiently it is characterised by wide fluctuations in price 

which reflect a changing supply-demand balance and farmers may thus be 

constrained from adopting new cropping systems on the grounds of risk. in 
general, although a number of work traditions and values held by the 
farmer hinder increased cropping intensity, experience suggests that these 
are not severe constraints. 

Farmers in the Valley are generally innovative and enterprising, 
particularly with respect to introducing new crops and the techniques
 
associated in the growing of individual 	crops.
 

But, even if the information is available, new crops and systems 
will not be adopted if the inputs (seed, fertilizers, labour or machinery) 
are unavailable at the right time, are not of the desired quality or are 
too expensive. Inputs must be priced so that the expected return from
 
their use is several multiples (perhaps at least three) of their cost.
 
Seeds of good quality are often unavailable when required.
 

Many of the inputs required have to be purchased and unless farmers 
have the necessary working capital, credit is required. In Thailand 
mechanisms for the provision of agricultural credit are still being
 
developed.
 

The lack of fo.nal land titles by farmers hinders the expansion of 
institutional credit. The form of land 	tenure may also be a general
 
constraint to the intensification of cropping systems. Landlords may set 

restrictions on what crops are to be grown and tenants may have little
 

incentive to institute medium or long term improvements to the land.
 

I 
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Rice bears an output tax through the operation of the rice premium. 
part of the tax is collected by the goveit-rent on export of the crop. The 
other, larger, part is collected by the corasumei in the form of lower 
prices. Rice prices to the producer are thus low compared both with other 
crops and international rice prices. This is one, although perhaps not 
the most important, reason why the new shorter duration, fertilizer res
ponsive rice varieties that may remove some of the time constraints asso
ciated with increasing cropping intensity, are being only slowly adopted 
in the rainy season. The return to use of fertilizer is not sufficiently 
attractive. Labour and machinery become critical constraints where 
intensive multiple cropping requires rapid crop turn around times. Short
ages of labour arise where off farm employment in industry, craft manu
facture or tourism related activity is an attractive alternative. Family 
labour may also be unavailable at critical periods because it is committed
 
to neighbouring farms as part of a traditional labour exchange scheme (see 
Chapter 6). Tractors are still not readily available for hire and costs 
am rapidly increasing with the current oil price rise. 



-
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CHAPTER SIX 

SYSTEM PROPERTIES 

i. Introduction 

A system can be most usefully defined as a set of components that
 
interact with one another in such a way that, in many important respect
 
they behave as a whole entity. Each component has its characteristic
 
behaviour but the pattern of interaction between the components, the to
 
log. of the system, is such that the behaviour of the whole system is m
 
than a mere summation of the behaviour of its components. For example,
 
the yield response of a field of rice to fertilizer application or to
 
drought is not the simple summation of the yield response of individual
 
plants treated and measured in isolation. Rice plants compete with one 
another for nutrients and water and this affects the final yield of a r 
field in a complex manner.
 

When conceptualizing a system it is useful to consider the elemen 
±isted in Table 6.1 An agricultural system typically, although often n,
exclusively, has the purpose of producing plant and animal crops for f, 
or fibre. Such systems, since they contain living components are often 
also ecological systems and mayr be termed agro-ecosystems.
 

The identification of a system and its boundary is the first and(
 
ten most significant task of systems analysis. The wrong choice may re., 
in eventual findings which are too limited or inapplicable in terms of
original purpose of the study. Systems, however, usually occur in a hi( 
archy, the boundaries of one containing all or part of the boundaries o: 
the next down in the hierarchy and it is essential to consider also the 
systems in the hierarchy up and down from the focal system of the study 
and of course, the neighbouring overlapping systems. There is, then, le 
chance of ignoring important properties and interactions. 

Some systems are strong, with well defined boundaries and signific
 
system properties, others are weaker and more poorly defined. In this
 
study which is aimed at examining the relevance and future direction of 
MCP research programme, we have taken as our primary focus the continuL 
paddy land system of the Chiang Mai Valley. But we have also gone up tt 
hierarchy looking, for example, at national planning and policy and exa
ing the influences on and interaction with the Chiang Mai Valley. We ht 
also gone down the hierarchy examining the RID systems, the i, illage, the 
farm and the field or field plot, as well as looking at the relatively WE 
er systems of the Amphur and Changwat. Our secondary focus has been tht 
field plot, since it encompassess the multiple cropping system, that is

the pattern of cropping involving a discrete sequence or rotation of crt 
grown on a single piece of land in a year. The crops are the principal 
components of the system at this level. They have relationships with
 
other through time and also interact with each other through the physi'
 
biological, economic and social processes of the larger farm and villa
 
systems. 

z 

i 
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.able 6.1: 	 The major elements of a system, with examples drawn from a 
typical multiple cropping system in the Chiang Mai Valley. 
Any concept of an agricultural system must include these
 
elements as a minimum (after Spedding, 1975). 

HYPOTHETICAL MULTIPLE-


EXPLANATION CROPPING SYSTEM IN THE 
t CHIANG MAI VALLEY 

PURPOSE Why is the system being Subsistence rice production 

Zpo- operated? and the generation of cash 
nore income be selling cash

crops.
 

1 BOUNDARY Determines what is inside Field boundary of the field 
the system and what is where this cropping system 

,ice external to it. is being followed.. 

CONTEXT OR The external environment in Weather, price movements, 
Ets which system operat- infrastructure,ENVIRONMENT the is economic 

lot ing. household size, etc. 
:ocd 

COMPONENTS The main elements that are The crops grown in a one 
related to f~rm the system. 	 year period, e.g. possibly
 

rice, tobacco, cucumber.
 
of
sult INTERACTIONS 	 The relationships between The effect of the car-ry
the 	 the components. over of tobacco perts to the
 
er- cucumber crop, etc. 
f 

RESOURCES Elements lying within the Soil nitrogen, soil-. 
system that are used up in moisture, etc. 

esS it's functioning. 

INPUTS Materials used by the Fertilizer, manure, pesti
cant 	 system but originating cide, irrigation-water,

from outside. labour, etc. 
the
 

us PRODUCTS OR Main desired outputs. Paddy, tobacco-leaf and 
he PERFORMANCE cucumbers. 
in- . 

ave BY-PRODUCTS Useful but incidental Rice-straw, used for: 
2 outputs. roofing material, animal
3a fodder, mulching, etc.
 
2 

)PS 

1)i, 
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2. The Properties of agro-ecosystems 

System properties can be of a physical (e.g. soil-structure), bio

logical (e.g. disease-levels), managerial (e.g. crop turn-around 
time) or
 

economic (e.g. cash-flow) nature. The most important properties of agro.
 

ecosystems, however, are their productivity, stability and durability. T1
 

These are complex properties, capable of various definitions. Productiv. 0. 

ty, for example, may be in terms of biomass, zeproductive potential, agri. i 
tcultural yield or in terms of social or economic return, but these are al, 


measures of some increment in the system which can be removed and utilized 
recovers
Stability by contrast is a measure of how a system resists or 

efrom a disturbing factor from outside the system. A highly stable system 


may show virtually no response to disturbance, a less stable system may

quick.*how a response marked, for example, by a drop in yield but recover 

ly. A very unstable system will show very dramatic fluctuations under the
 

influence of a fac.:or such as the weather. Durability is a measure of the ei 

long term productivity. A continuing or recurrent disturbance may stress f, 

the system; it may remain stable for a while but eventually change under
 

such as yield. Sometimes the ITthe influence and decline in some property, 
decline may be very sudden following a large disturbance and perturbation c, 

to the system. The perturbation itself mav be sufficient in itself orma) b 

only be effective if the system has suffered from a period of stress. 1. 

Holling (1973) has used the term "resilience" to describe the ability of bi 

systems to retain their structural integrity under disturbance. There is
 

evidence both from experiment and observation that ecological systems may 

flip from one state to another under severe perturbation.
 

Agricultural systems are derived from natural ecosystems through 

human modification and management. The resulting sy-tem,% are simpler and w 

can be thought of as equivalent to the early stages - the natural ecolog il 
o:cal succession. Agro-ecosystems are thus highly productive but also in-


herently undurable. Without continued management they would change rapi r 

and proceed towards a natural climax vegetaticn that was stable but of 0% 

little agricultural value. This potentially unstz' 'e position in the suc CE 

cession is maintained by complex control me7hamisms that include 
cultiva

tion, sowing, pest-control and other inanage*.,ent activities.
 

Natural ecosystems with large in?.ows and outflows and with small
 

reserves, such as estuaries of rivers, usually suffer large fluctuations L 

Intensively managed agricultural ecosystems are t 
(Elston et al., 1976). 


a 

thus similarly unstable and despite careful management and tight 
control p) 

can exhibit yield fluctuations as a result, for example, of 
climate and Cc 

similar in the size of these inflows and outflows and reserves. 
They are 


The trend of in- n
 
other disturbances from outside (Snaydon et al., 1976). 


creasing integration of agriculture with 
the economic system means that
 

economic disturbances. The t 
agricultural systems are also susceptible to 

effect may be simple, for example a fluctuation in income, or it may be 11 

falling market prices or increasing costs, for example,
more complex: 

may cause the farmer to respond by using a lower level of production

enhancing inputs, thus causing yield fluctuations.
 

3
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In the longer term the complex interaction between management activi
des and the biological and physical processes of the agro-ecosystem may


0- affect the durability of the system. Stresses may be set up, for example,
 
or )ythe progressive movement of the water table in irrigation, or by fre

ro- uent spraying or by the periodic flooding and drying of paddy land soil.
 
.ese may bring about the salinisation of irrigated land, or the build up


ivi- ,feventually unmanageable pest populations or, as appears to be occurring

gri-
 nthe MCP plots, a gradual decrease in soil pH levels causing mang;anese 
all :cxicity problems. 
ized. 

Cropping also takes up considerable quantities of nutrients and t.race 
;tem elements from the soil which are removed from the system with the harvest. 
y 1Thelong term durability of the system thus depends on those essential
 
ick- terials being replaced and made available to future crops. Traditional
 
the 'closed' systems rely on the natural recharge of those materials by the 
the Zvironment (often during a period of bush or forest fallow) and by 'on

ess farm' recycling. However as the nutrient demands of the higher productivi
er ty levels overtake the natural recharge rate and as the crops are consumed 
the i areas distant from the site of production, thus limiting 'on-farm' re
ion cycling, then inputs of these materials from other areas of the economy
 
may Secomes necessary. An important consequence is that the long term durabi

:ity of the agro-ecosystem becomes economically as well as ecologically
 
of 4ased.
 
is
 

may Although there is an important distinction between stability and
 
lurability there can be strong relationships between them. For example,
 
arge fluctuations in yield from year to year (low yield stability) can
 
tduce the longer term economic durability of the farm system by creating


and ZWrkable cash flow problems which lead to economic collapse of the farm
logi- 1g system. Low yield stability mav also affect the ecological durability 
n- f the system. For example, in a gr :,zing situation of inflexible stocking
pidlY ate, large fluctuations in herbage production below the mean can lead to 

Ver.-grazing and soil-erosion problems. Large fluctuations above the mean 
suC- al lead to under-grazing, causing detrimental changes in sward composition. 
va-


Management practices or technological innovations to increase yield

"ability may also affect the durability of the system. In some cases the 

1 ffects will be beneficial to both stability and durability. F( * example
nIS 't has been shown that by practicing intercropping, annual yield perturba
e t'Ons from insect pests can be reduced (Banta and Harwood, 1975). In 
are 4dition intercropping can-be useful in reducing soil erosion problems by
01 r0viding more efficient ground cover for a longer time (Beets, 1978).
d 0 fnersely the practice of applying. insecticide w'l, in the short term,
in- rdUce yield fluctuations attributable to pests; but the practice may
t %use pest resurgence, secondary pest and pesticide resistance problems
he %us reducing the longer term ecological durability of the system (E.M.U., 
be N80). 

Best Available Documc0
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3. The Chiang Mal Valley agro-ecosystem 

Context. 

The paddy land which is our primary focus accounts for only 10% of 
the total land area of the whole Valley, although agriculturally it is 
the most productive. The Valley also contains uplands and highlands, the
latter occupying approximately 80% of the total area. The Valley is also 
one of many in the Northern Region which together form the main catch. 
ment area of the Chao Phya River which drains into the Gulf of Thailand. 
The Northern Region, in turn, is one of the four main administrative units 
of Thailand. 

Many interactions occur between the paddy land and the larger system8
in which it lies. For example deforestation and agricultural activities it 
the upland and highland regions of the Valley and in the smaller valleys
which form the upper catchment areas of the Ping River, affect water supply
in the Chiang Mai Valley system. Major decisions on water-use in the Valle, 
must in turn be made in the larger context of national utilization of the 
country's water resources and have to take into account the-needs for irri. 
gation, navigation and flood control in the Central Plain as well as nation. 
al hydro-electricity generation (see Chapter 4, Section 2). 

2 The higher elevation regions outside the system may also have import. 
ant agricultural interactions. For instance, the Valley population are con. 
sumers of upland and highland agricultural produce and these areas in turn 
supply agricultural inputs in the form of bamboo and other timber, seed 
potatoes, strawberry seedlings and indirectly in the form of pasture for 
water buffalo which are often grazed outside the system boundary when not 
needed for land cultivation, 

The Valley. 


The Valley is a strongly defined system, characterised by very clear 
structural integrity, geographical isolation, and a high position in the
hierarchy of systems described above. But it is also very diverse in agro-
ecological terms. 

While there are no measures for productivity of the Valley system, 
as such, various measures are available for the Ch ngwats of Chiang Mai and 
Lamphun. Conventional measures are gross provincial product and gross agri-
cultural production by crops. In virtually all cases these have increased 
over the past few years reflecting the 3influence of the spreading irrigatin
schemes, better infrastructure, transpcrtation, markets, better varieties of 
crops and knowledge from axtension and other sources, and a better use of 
the comparative advantages of these different sub-systems which these im-
provements have facilited. Contributions to overall productivity have als0 
been made by the various extraction and manufacturing industries, by craft 
manufactunr, and by tourism. 
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Measures of stability have been portrayed in Chapter 3. As was seen, 

and prices of soybean and mungbean have remained fairly stableoduction 
t there have been wide fluctuations in production and prices of garlic 

In general we might expect that many of the factors increasing
,dtomato. 
more reliable irrigation, better transportation andvduct.ivity such as 

stability. But better communiire accessible marketing will also promote 
itions between the Valley and the outside world exposes farmers to greater 

epetition and to world price 	fluctuations which may reduce the stability
 

prices and production. 

as a wholeIn some cases the agro-ecological diversity of the Valley 

iycounter the instability shown by particular subsystems. For example,
 
in flood-prone areas, mayiove-average rainfall, while causing problems 


prove water supply in poor irrigation areas and vice versa.
 

Durah- .ity is more difficult 	to assess. The only major perturbation 
recent years was the massive fertilizerat the Valley has experienced in 

rainice increase of 1973. This happened to coincide with extra heavy 

11 and the slump in production of paddy rice and garlic probably were 

sociated with this. In general, however, the Valley seems to be adequate

absorbing and accommodating the fertilizer, oil price and related in

eases. One can see a variety of system adaptations: a slowing down of 
pumpse substitution of buffalos by tractors, installation of electric 


etc. In the future we might exr tube wells rather than petrol pumps, 
ct more reliance on legumes for nitrogen as a substitute for high-priced
 

rtilizers.
 

An example of how durability can be maintained by Valley system 

lperties is illustrated by the case of garlic seed production. A large 

nber of garlic growing areas in the Valley are deficient in boron. In 

ie first few years of the use of new seed-stock there are no problems as 
to sustain matureieseed contains sufficient levels of trace elements 

one or two years of using the same seed-stock.ant growth. However, after 
,ace element levels are reduced and deficiency symptoms appear in the 

The Valley system has adapted to this by certain naturally high soil'Op. 

from which farmers obtain ron areas becoming seed-stock producing regions 

w seed-stock every few years.
 

1lley Subsystems. 

clear that a number of distinctiveDuring our analysis it has become 
Jbsystems occur in the Valley. Their boundaries typically encompass 

several amphurs. They are primarilytveral villages and in some cases 
of water supply, withkfined in terms of the availability and reliability 

to markets and processors, opportunities for off-Ictors such as access 
a part.rmnemployment and distance from Chiang Mai also playing 

Figure 6.1 and Table 6.2 describe the main systems. 
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Figure 6.1 Subsystems within the Chiang Mal Valley
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Table 6.2: Characteristics of the Valley subsystems. 

Subsystem 	 Features
 

1. Mae Rim Narrow stretch on the upper Mae Taeng
 
Project, dominated by rice-tobacco double
 
cropping patterns.
 

2. 	 San Pee Seua Lower end of Mae Fack Project and along the 
Ping River with rich recent alluial 
soils; rice followed by continuous 
vegetables. 

3. 	 San Sai Water supply from Mae Fack Project; rice
soybean and rice-tobacco; soybean-seed 
production on high elevation land in wet 
season.
 

4. Chiang Mai 	 Urban, high tenancy rate.
 

5. Hang Dong - San Patong Lower end of Mae Taeng Project;rice
soybean, rice-rice, rice-tobacco and to a 
certain extent rice-vegetables; water 

.an 	 insufficient in hot season.
 

6. Ping River Flood Flood prone area in wet season;non
p: ,tosnsitive glutinous and non-glutinous 

J r4 e grown in wet season only. 

7. 	 Tung Sieo Lower end of lateral canal 23 of Mae Taeng 
and along San Patong-Tung Sieo subsystems. 
Traditional irrigation water 	supplements
 
RID system in hot season.
 
Rice-soybean, rice-rice double cropping
 
and rice-soybean-rice triple cropping.
 

8. Chom Tong 	 Traditional irrigation system only. Rice

garlic-rice, rice-garlic-mungbean and 
rice-garlic-vegetables. Garlic is planted 
relatively later than in other areas. 

9. 	 Ban Hong Three crops, rice and vegetables rice
garlic-vegetables. Dug wells. 

10. 	 Doi Saket Upper section of Mae Kuang Project where 
water in the hot season is more reliable 
than other parts within the project. 
Rice-peanut, rice-garlic double cropping. 



Table 6.2 ... (Cont'd)
 

Subsystem 


11. San Khamphaeng 

12. Saraphi 

13. Pah Tu Pa 


14. Pa Sang 

:ow 

Village. 
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Features
 

Tube-well areas, rice-peanut double crop- ea 
ea

Weaving, bamboo work, handicrafts.
ping. 

fe 

Traditional irrigation systems of Mae Ping 
riceand Mae Kuang. Rice-peanut, 

vegetables, rice-rice. 
gz
 
in
 
e
Within Mae Ping Kao Project;rice-peanut, 

as
 

rice-garlic and soybean-garlic-vegetables 

Lamyai orchards.
 on high elevation plots. 


Intercropping in orchards.
 

area with triple cropping of alTube-well 
in 

rice-garlic-mungbean, rice-garlic-rice 
and 


in
rice-garlic-shallots. 

la 

Ca
 
Village system properties reflect the choices and performance of vi 

cropping systems that would not occur if groups of people did not live in Th 
coherent and tight-knit village communities. Villages originally arose ye 
because a group of people found that such communal living was mutually be 
beneficial, for example in reducing the individuals' risk of starvation or e 
in supplying the optimal number of people to construct', maintain and use a or 
local irrigation system. Communal organization of such activities as the te2 

construction and repairs to an irrigation system and the timing and rotati whc 
of water supply enhance the productivity of the system over that attainable 
by individual farmers acting alone. 

is also an important level of in 
The village in the Chiang Mai Valley 

organisation for agricultural information. The village headman is instru- fo 

mental in determining the progressiveness of a village and what new agri

cultural information flows into the village. Calavan (1978) maintains that 
once one farmer in the village has new information then 3- is rapidly dis- na. 
seminated throughout the village by informal conversatioi and observation. in 
Information flow between villages may not be so rapid or complete, however. be: 

in; 
Probably the most important village-level benefit arises from the col 

sharing of labour. Farmers must rely primarily on within-village labour tc be 
overcome labour peaks in their cropping patterns (Potter, 1976). Although ch 
individual farm systems will be designed to utilise household labour as ab. 
efficiently as possible (this does not necessarily mean maximising returns boi 

to labour) there may be periods when extra help is required either in the dov 
form of hired labour or as labour-exchange. Thus when farmers plan their 

I 
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their labour requirement taxingOm cropping systems they must consider 
into account the labour supply situation of the 'village-system'. 

Within any village there are usually a small number of exchange 

labour groups (see Potter, 1976) where individuals will work together on
 
owneach other's farms and receive an equivalent amount of work on their 

farm in return. This practice increases labour efficiency by allowing 

to input. invariablyeconomies of scale labour Labour exchange is practiced 
It helps to
for transplanting and harvesting the wet season rice crop. 


aremove some of the drudgery associated with these processes and,being 
a forum for the exchange of agricultural
group activity, it also acts as 


to aninformation within the village. However, if a farmer is committed 

exchange labour group then he may be constrained from following various sys

tems on his own farm. For example the planting of early second crops such 
when labour may be committed to anasgarlic or tobacco occurs at a time 

exchange labour harvesting group. Thus a traditional stabilizing practice 

for sole cropping may act as a constraint to multiple cropping. There is 

also the danger that if labour exchange is dropped by some farmers in order 

to increase cropping intensity then the farmers who are constrained from
 
able thisincreasing intensity for other reasons may no longer be to rely on 

stabilizing practice for their all-important subsistence rice crop.
 

A similar dichotomy exists with respect to land tenure. Lack of 
Mership may inhibit more intensive cropping but the village pattern of 

land tenure probably maintains stable cropping rotations within the village. 
Calavan (1978) has shown that the close knit social organisation of the 

illage allows tenant farmers to rent from a large number of landlords. 

Tis enables farmers to follow a desired constant cropping pattern from 
Year to year. This might be difficult to follow on a single field plot, 
because of slippages in scheduling or poor water supply in a season. How

ever a stable rotation can be practised by renting different land each year 
O even from season to season. In general the village land-rental charac

teristics ensure a flexibility in the choice of cropping pattern for farmers 

ho are not necessarily constrained by what they grew in the previous season. 

The stability properties of the village are, however, being challenged 

by changes arising from outside. With improvements in communication and 

'Zcreasing Government intervention in rural areas, villages are being trans
formed from traditional socio-ecological units to become more akin to 

Political administrative units. Village boundaries are now defined by the 

GVernment along political administrative lines without regard to the origi
4al ecological factors that shaped them. With improvements in communication 

the Valley, villages areexposed to interactions with an increasing num
be of other systems, the most important probably being the national market

lng system and the large scale Government irrigation systems. Some of the 
'Onsequences are generally beneficial, but in other cases the stresses may 

'etoo much and may result in a deterioration in the system. The rate of 

ehange in conditions is often very rapid and the village system may be un

4ble to adapt quickly enough; this is probably exacerbated by the spatial
 

bundaries and the administrative structures of villages now being laid 
(64n and fixed by the Government. As an example, some regional development 

i 
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projects have failed to consider the village as a system in its own right
and in this connection it is probably significant that much fewer water-u, credi 
conflicts exist in the traditional irrigation schemes than in the large- 1red 
scale Government-sponsorned projects. whethe 

Well-intentioned intervention may thus fail to yeld the expected ment 
results if the system properties acting at the village level are not fully able 
considered. As we have seen, in the Chiang Mai Valley approximztely one on wh 
half of the farmers own all the land they farm, one quarter own part and demanc 
rent the rest and the remaini ng quarter rent all of their land. Tradi- the pi 
tionally the renting of land has been very much ohi a village basis with
 
tenants renting land from relatves, friends or other members of the vil
lage, the rent paid being a 50:5C division of the rice crop between land- banks'
 
lord and tenant. The picture is now being complicated, however, by the factorquestion of who pays for fertilizer and other modern inputs and what should what e 
the rent be for dry season cropping in irrigated areas where this is now talfc 
becoming possible. The 1974 Rice Rent Law addressed this problem by statnr ted tc 
that the rent for the rainy season rle crop should be divided by thirds: 
one third going to the land owner, one third to the tenant and the remain sa 
third to the party that paid for fertilizer and ploughing. Further, it rair 
stated that rentors would have the right to rent land for a period of six Thus 
years and that any further crops grown after each year's rainy season rice Thus 
crop would not be subject to any rent at all. Under this law, Dennis (1977) 
has shown that a landlord would maximise his income by ceasing to rent out 
his land and instead using his former tenants as seasonal day labourers. may en 
Clearly if this were to occur it would have a serious retrogressive effect of dif 
on wealth distribution in rural areas and a disruptive effect on presently pea s 
stable cropping rotations. Fortunately th- law seems to have been enforced 
only in a few areas in the Valley, where tne hypothesised changes do appear 
to have taken place (Dennis,pers. comm.).
 

4. 
Farm.Fam 

The Sy. 
Much less is known about the system properties of the farm in the 

Chiang Mai Valley. We can assumed that most farmers will practice a num
ber of different cropping systems that complement each other in terms of 
labour and cash demand, household food need and by-products. This optimal the sy.
pattern will probably be arrived at by the kind of process of decision mak- the co: 
ing described in Chapter 4. What, however, we do not know is the effect of intera 
the fragmentation of land holdings on the system properties of the farm. ponent
 

It may well be that the farmer is constrained in his choices by the number, 
size, elevation and relative remoteness of his land parcels. Productivity increa: 
is likely to be increased by the consolidation of land into a single parcel. choice. 
On the other hand land fragmentation may confer some benefits in terms of M 
stability and durability. Land of different types and different ele.'vatins offs i 
may force a more varied cropping pattern which spreads risk. It may notbe os. 
the pattern that a farmer would most prefer or even one that generates the crops. 
most income in the short term but it may confer long term benefits. 

at fir. 
in the 
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aCredit requirements of the farmers are currently calculated on 

mponent crop basis (see chapter 3 Section 4), the banks determining the
 

edit needs of a system by summing individual component requirements. 

wever, cash requirements for peanut vary considerably depending on 

ether they are grown as a second or third crop (Thani, 1979); the require

nt for garlic will vary depending on whether straw for mulching is avail

le from other enterprises in the farm system; soybean requirements depend 

whether they are in a direct-sown or a bed-planted system and the credit
 

mand for fertilizer for any crop will depend on residual fertility fron, 

e previous crop in the system.
 

These factors may to some extent explain the difference between the 

inks' estimated credit needs and the actual crop requirements when grown 

spart of a system (see Table 3.1). The net cash flow is the important
 

actor when considering the credit demand for systems. For instance, to 
iat extent can the proceeds from the first crop supply the required capi
1 for inputs to the second crop at the right time or is the cash commit

d to pay back the initial loan? This is especially important in the case
 

a farmer following a subsistence dominated strategy who may be con

rained from improving his subsistence rice crop if these improvements
 
quire credit, as no cash is generated by the crop to pay back the loan. 
us poorly devised credit schemes may in fact commit the farmer to a
 
ubsistence-trap '. 

As shown in Figure 6.2, interactions at the level of the farm system
 

y enable the farmer to ease his credit requirements by choosing a number
 .different systems with complimentary credit demands so that the credit
 

aks of individual systems tend to be spread throughout the year.
 

Multiple cropping systems 

.e System Properties. 

In the remainder of this Chapter we will consider tha system as de

ned by the pattern of multiple cropping on a single field plot. Here 
iesystem properties are those which arise from the relationships between
 
iecomponent crops as distinct from component properties which arise from
 

iteractions within component crops and affect the performance of that com
nent only. 

Figure 6.3 shows how the practice of sequential multiple cropping 
icreases the management complexity over sole-cropping. Not only must 
ioices be made on which crops to grow and how to grow them, but decisions 
1st be based on system properties as these determine the relative trade
-fs in the allocation of limited resources between the different component 
-ops. 

Thus, although the biological interactions in multiple cropping may 
first sight appear similar to those of sole-cropping, the intensification 

1 the time dimension, which multiple cropping represents, means that some 
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For example, late herbicide applicatQmore critical.interactions become 

on one crop will be more likely to have phytotoxic effects on the follown1,
 

to the reduced time available for biodegradation to occur 
crop, due 
(Litsinger et al., 1976). Furthermore new forms of interaction may appear 

For example, pest build-up between component crops may occur because there 
The distinction
 

no longer a fallow 	or flood 'kill' (I.A.R.I., 1972).
is 

between system and component properties and their effects on productivity, 

are illustrated in Table 6.3.
stability and durability of the system 

Table 6.3: Distinction between system and component properties 
and
 

stability and durability.their effects on productivity, 

SYSTEM-PROPERTYCOMPONENT-PROPERTY 

ofor action on,one Property of, or action,(
Productivity Property 

any crop which increasesMean yield crop which increases mean 

that crop. mean yield levels in
levels ob- yield levels in 	 other crop in the system,

tamned.) to theE.g. 	 Response of crop 

to that E.g. Response of a cropfertilizer applied 
- the residual fertilicrop. 


zer applied to a precr-op.~vious 

Stability_ 
(Variation of 
yields about 
the mean 
yield level.) 

Property of,or action on,any 
crop which reduces the 
variations of yield about 
the mean level in that crop. 

Property of, or action on, 
any crop which reduces 
the variation of yield 
about the mean level in 
any other crop. 

Ej. Response of the pest 

natural enemy complex to 
increases in pest levels in 

that crop. 

E.g. Effect of pesticide 
application in previous 
drops on the pest natural 
enemies of any following 
crops. 

Durability 
(Long term 
potential 
productivity 

Non causal. 
ing only 

Rate determin- Property of,or action on, 
any crop which affects 
the productive potential 

for following crops. 

of the system.) 
E.g. Continued sequence 
of flooded-rice followed 

by an upland-crop and 
it's effect on soil pH. 

after rice which hasin the growing of soybeanA good example arises 
and farmer trials. 	 As described in Chaptet'

been the subject of experiment 
that soybeantheir experimental 	plots

5,Sections 1 and 2.the MCP found on 

a 
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yields were maximised by planting on specially prepared beds. The MCP, 
thus, initially recommended farmers in the test villages to follow rice by
complete cultivation and the raising of beds before soybean planting.
However it became clear that when the simLle system property of interaction 
between crops in the time dimensicn (turn-around time) is considered it
 
may be more efficient in terms of the entire system performance to direct
sow soybeans into the rice-stubble, as indeed is the practice of the large
majority of farmers in the area. 

System properties also result in attempts to maximise the productivi
ty of each component in a cropping system not producing overall maximisaan 
tion of productivity of the system as a whole. 
 This is especially true if
 
profitability is the main criterion used. For instance component research 
at the MCP suggests That, an early planted R.D. rice variety fcllowed by
early planted garlic would increase cash profit levels in each component 
over a traditional-rice, late-planted-garlic system common in the Chom 
Thong area. The Chom Thong farmers, however, are constrained from planting
early maturing R.D. rice varieties due to their families'high subsistence 
requirement for traditional rice. They must therefore plant garlic late 
obtaining both lower yields and lower prices. These farmers characteristic
ally store their garlic before sale instead of selling fresh at harvest 
time. Storing allows advantage to be taken of the higher prices later in 
the year but weight-loss considerably reduces the amount available for sale 
(Wipoobongse et al., 1979). Research at the MCP has subsequently shown 
that late planted garlic, although yielding less, loses considerably less 
weight in storage thus compensating for the lower yields obtained. The
 
Chom Thong farmers have thus optimised their system to meet their own ob
jectives although, when considered individually, neither component is opti-
Mal when based on profitability criteria. 

Many of the impo.tant system properties in multiple cropping are a
function of the effect of soil management practices on one crop upon the
Soil physical and biochemical properties, and water and nutrient availabi
lity of the succeeding crops. MCP research (Wivutvongvana et al., 1975)
has shown for example that phosphate fertilizer applied to field corn in a 
Corn-soybean cropping sequence had less residual effect on the subsequent
Soybean crop when compared with the effect of phosphate applied to rice on 
asubsequent soybean crop. This is probably due to the higher utilization
Of phosphate fertilizer by field corn compared to the rice crop. Moreover,
the release of soluble phosphate from paddy rice during soil submergence
May contribute to the higher residual effect of phosphate fertilizer on the 
Subsequent cropping of soybeans. Experiments also generally indicate that
 
acropping practice where a soybean crop is included in the sequence gener
ally requires less nitrogen fertilizer than a system which contains no soy
bean. 

Wivutvongvana (1979) has also shown that large amounts of Fe + 3 and4+4 were reduced to Fe+ 2 and Mn+ 2 and released into soil solution during
 
'Oil submergence (47 days). After drainage, Fe+ 2 was reoxidized quickly, 
lithin 1-2 weeks, but Mn+ 2 was oxidized very slowly and remained in the'Oil at a very high level (toxic to soybeans) for 1-2 months after the 
Flooded soil was drained. Thus how soon the crop following paddy rice can 
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be successfully planted will become important, especially for a crop such assoybean which is relatively 5ensitive to manganese toxicity. Under field

condition-, oxidation of Mnt 
 to the relatively insoluble Mn+4 form is mainly biological (Wivutvongvana, 1979) theand thus advantage of direct seeding of soybeans into the rice stubble culd be at least in part due to thehigher biological activities in the rice stubble compared toas its sur
roundings. 

The effects of a particular stress may vary dramatically with the
particular cropping sequence and the timing of the stress. For instance,water-stress in a high nitrogen input crop in one season could be expected
to have a destabilizing effect on yield in that crop. But in a system where
this is followed by a nitrogen responsive crop such as garlic, one might
expect some compensation due to the utilization of the high residual nitro
gen levels unused by the first crop (Figure 6.5). However, in a system
where the first crop is followed by a legume, one might expect a depressant
jeffect 
on legume nodulation caused by the high residual nitrogen levels
 
(see Figure 6.4). 

Finally, certain cropping sequences or repeated management practicesmay affect the long-term durability of the system. As we have seen in~ Chapter 3 certain multiple cropping system3 l ad to a gradual reduction insoil pH over a number of cropping seasons and the potential productivity of 
the land is reduced by the associated increase in manganese toxicity probflems. Other examples may include the build-up of pest, disease or weed 

S population, detrimental trends in soil structure and soil nutrient or trace
element depletion. 
These trends occur because of interactions between component crops and, although rate be affected bythe can component
properties, their overall dynamics are 

crop 
determined by system properties.
 

Multiple Cropping Research. 

The importance of system properties in multiple cropping means that afundamentally different research approach from that inemployed sole-croppingis required. A review of the literature would indicate, however, that no newresearch methodology, tailored to the specific needs of multiple cropping,
has so far been developed. The 
reason may be partly historical. The practice of multiple cropping is older than scientific agricultural research andthus has never been considered as a new technique meriting its own researchmethodology. Today sclentists workingmost on multiple cropping are primarily interested in specific anpects of component crop research and tend to paylittle attention to entire-Lystem performance. Furthermore at the outset,multiple cropping research requires a heavy emphasis on component crop experimentation focussed suchon questions as planting-dates, fertilizer-rates,
variety-trials and so on and traditional sole-cropping research methodology

can conveniently be used for this stage. 

Undoubtedly a major proportion of the gains in productivity accruefrom component properties and to date most multiple cropping research throughout the world has concentrated on exploiting this potential, However, the 

1P
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effects of component crop technology are now fairly well known and a lar& 
percentage of the potential gains in productivity from this approach have now been realized. 
The next stage, of analysing these components as part
of functional cropping systems requires a different methodology, capable
of handling the critical interactions between crops. However, the tenden,
is still to concentrate on maximising returns in component crops which an

then assembled into cropping systems merely as a series of unrelated unit,

and the only system properties considered are in the time dimension.
 

System properties have been poorly researched and thus, to date,

gains in productivity from these effects have been minimal. 
Indeed it is

usually only in situations where large detrimental effects occur that sys.

tem properties are investigated. For example Pathak (1963) reports the
 
increasing incidence of brown planthopper (Nilaparvata lugens (Stall)) dw
 
to increased multiple cropping of rice in Asia. 
 Indeed one of the first
 
system properties to come to light at 
the MCP experimental plots was of
 
a detrimental nature, namely the gradual lowering of soil pH in some multi

S ple cropping sequences. However, system properties of a beneficial naturv
also exist and merit more attention. For example, Jereza and De Datta 
(1976) have shown how three different cropping systems can drastically af.

fect weed-populations and composition, illustrating how it may be possible

to reduce weed and other pest problems by manipulation of the system propeties of multiple cropping. 
In fact the large increase in biological and
 
ecological diversity inherent in multiple cropping offers considerable 
potential for enhancing system performance by such cultural means, and the 
increase in complexity of the relationships in multiple cropping over sole
cropping means that a greater contribution towards increasing productivit
 
is likely to come from the system properties.
 

Component-crop-orientated research may also be misleading, yielding'
recommendations that, although optimal for individual crops, are not optiI 
in terms of the performance of the whole system (Oelsligle et al., 1976).,
The case of the rice soybean sequence, already referred to, illustrates
 
this well. Furthermore, basing recommendations on component crops may

reduce or completely negate beneficial system properties. For instance,

high levels of insecticide application in one crop, although maximising

returns in that component may negate any carry-out of natural enemies thusi

increasing pest problems in the following crop, possibly with a net detri

mental affect to the economic performance of the system as a whole (RaroE
 
1973).
 

The Conventional Approach to Multiple Cropping Research.
 

Scientists at the International Rice Research Institute (I.R.R.I.)

several years ago recognised the need to develop a research methodology

exclusively for multiple cropping (Harwood, 1975). 
 Their approach is to
 
identify a wide range of zones defined in terms of precise agro-climatic,

soil and.topology parameters and then develop systems specifically tailor
 
to these areas. They rightly emphasize the importance of on-farm tesiing

with direct farmer involvement and the systems are then further modified.
 
the light of this research phase. 
 These systems are then extended as
 

Vq 
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-gE 
re 'packages' with specific instructions on planting dates and methods,

it fertilizer rates, pest, disease and weed control measures and so on 
(Crop

ping System Working Group, 1975; 1976 and 1977).*ncy 
re 
 The drawback to this approach is that it still tends to be component
 
ts :rop oriented with the research aimed primarily at maximising returns with

in component crops 1972), thus potential(Banta, leaving a 'blind-spot' of
the system properties. Furthermore, it tends to lead to systems of multiple cropping which are inflexible in terms of adaption to different environs mental and economic conditions and farmersto individual preferences and, 
because of the large differences in soil types, topography, irrigation waterlue 
 supply and other agro-economic conditions in the Chiang Mai Valley(Seetisarn, 1975 and 1976; Scholten, 1974), this agro-climatic zone approach

s of limited utility. A large number of zones would have to be individual
ly serviced by a limited research base. 
 Research has also shown (Tongsiri
rtie et al., 1975; Thodey et al., 1974) that there are very great differences in re the socio-economic circumstances and the desires and aspirations of the
 
individual farmers both within and between different localities in the

le .'hiang Mai Valley. These factors havele fect on cropping patterns been shown to have an important ef(Ireson, 1976; Suthasupa, 1977) and thus developper- ing cropping systems on a limited set of criteria will not be sufficient. 
.xperience further suggests that the farmers of the Chiang Mai Valley are 

he 
hood innovators and, given the component crops and infrastructure, are:uite capable of devising cropping systems tailored to their own individual

le- leeds. Thus this cropping system 'package-approach' may well be competingty 4th the farmers themselves and the example of direct-sown soybean produc
'ion would suggest that the farmers may be more efficient at this task.
 

m Agricultural development is a dynamic process of change and adjustent to changing conditions and knowledge, consequently a fixed 'package'

annot be expected to 
 remain optimal or even viable in the longer-term. 
!more relevant research approach would be one which gives 
a better under-

Standing of the processes involved, in particularly the system properties

f different sequences and patterns of management. Systems can then betodified or new systems devised by the logical application of this knowledge

Ls 'nthe face of changing conditions, rather than having to start from scratch
[- ach time in the search for a new optimal package whose own viable life will11so be of limited duration. 

.imal and MarginalSituations.
 

Component crop oriented research tends to emphasis fairly high levelsF technological inputs, because gains in component crop productivity are
4de most easily by this means. 
 In areas of optimal conditions in terms of
 
, liable water, access to markets, supplies, credit, extension-help, etc. 

.d P~ackag(type' cropping systems developed by this means may give large gains
productivity. However, in more marginal areas, which probably accountt0 a large proportion of farms in the Chiang Mai Valley the recommendation 

n1high levels of inputs is unrealistic and may even be damaging as theccess of these 'packages' depends on them being adopted in their entirety. 
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Manipulation of the system properties may well be a more rewarding
 
approach and may offer scientists a way of helping those marginal farmers inE
 
who are most in need of aid but for whom conventional, high-input, compo ant 
nent-crop-based research fails to cater. Furthermore, it may be, in thes( in 
low-input situations that system properties are most easily researched as crc
 
the effects are not disguised or reduced by high. .input levels (see Raros, str 
1973). It is often the case that study of stressed systems, which these det
 
marginal situations often represent, gives a better understanding of how the 
they operate at or near the optimum. det.
 

fic
 

The 'strategy approach'.
 

In summary we can identify a number of servere limitations of the eco, 
current multiple cropping research approach of developing system packages has 
based mainly on component research. These include the inflexibility of th eve 
approach in terms of adaption to different environmental, economic and M.C. 
social conditions; its inability to cater for marginal situations and the 
difficulty in dealing with system properties. Furthermore agricultural

development is a dynamic process of adjustment to changes in economic con
ditions, to advances in technology and to new knowledge; thus a fixed
'package' cannot be expected to remain or even viableoptimal indefinitely

We have argued that a more appropriate approach would be to aim at gaining 
a better understanding of the system relationships involved in multiple 
cropping.
 

However, because of the large number of component crops potentially
suitable for inclusion in multiple cropping systems in the Chiang Mai Valle 
and the large variety of agronomic practices that could be performed on 
each, the number of combinations for which system properties would have to 
be researched is almost infinite. Furthermore, brecause of price fluctua
tions, the inclusion of a certain crop in the cropping system one year does
 
not mean that it will be the best for inclusion the following year. Thus
 
there is some difficulty in knowing which crop combination to test when 
looking at interaction effects, especially as some of these effects may
take more than one year to become observable. For example an experiment
conducted at the M.C.P. over one cropping year (Wivutvongvana et al., 1975)
showed no residual effect of nitrogen applied in the preceeding crop. How
ever, it is believed that this may have been due to the already quite high
levels of nitrogen in the soil due to previous intensive cropping and thus 
no effect would be observable over such a short experimental period.
 

It seems appropriate, therefore, instead of thinking in terms of croP
ping systems, to carefully define various 'cropping strategies' designed to 
meet national, regional and farmer's objectives. For instance one might 
test a high-input 'strategy' designed for a risk-taking farmer with good
infrastructure and access to capital or credit. This 'strategy' could be
 
tested over a number of years and will remain the same but the 'tactics' 
(crops grown, fertilizer.rates, plant protection levels, etc. ) may change
depending on environmental or economic conditions. Certain system proper
ties will be more important in some cropping strategies than in others. For
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nstance one would expect residual nitrogen interaction to be more import
ntin a high input strategy, where high fertilizer rates are used, than 
na low input strategy; and soil moisture interaction between component 
rops to be more important in a moisture conservation strategy than in a 
trategy designed for areas of completely reliable irrigation. Aftar 
etermining which system properties are likely to be important and how 
hey function in the different strategies it then becomes possible to 
etermine how they are affected by 'tactics' and thus how they may be bene
icially manipulated in terms of the performance of the system as a whole. 

This procedure also enables the different strategies to be more ful
y assessed in terms of how successful they are in meeting a wide range of 
conomic, social and agro-ecological objectives. Previously assessment 
as tended to be purely economic and has favoured the higher input systems 
yen though they may not be the most appropriate for all situations (see
 
.C.P., 1978, 160-169; Bunoan, 1975, 387-389; Suryatna, 1976, 47-48). 
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CHAPTER SEVEN r f 

KEY QUESTIONS 	 Ijior 

Introduction 
re" 

pOSi 

Ideally, key questions are highly focussed on a critical process in 
nar
 

the system or on a crucial area of decision making and are intendedprovide a 	 tosignificant understanding of how the system works and clues as 2.to how its performance may be improved. In practice, in studies such asare described here, the review and assessment of existing knowledge oftenreveals quite broad areas of ignorance and a proportion of the key
questions are inevitably more generally focussed. 	
and 
tera, 

Questions may initially be conc(framed in purely agricultural,or socio-economic terms, ecologica: 	 envi,but the most powerful questions are those which, igh:
through a process of discussion and experiment, combine elements of each. 
 5yStEThere is, as yet, no general guide to key questions in the study of agroecosystems, nor is there any easy prescription for their formulation. Inthis study the key questions arose naturally during the intensive seminarsessions which formed the basis 	 .argEfor the previous studies in this report. [uestEssentially they
of the study group. 

are the products of the collective insights and experienc 	 certa 
ble s 
ducte
In this Chapter the key questions have been classified underber of headings, partly for 	 a num. whichreasons of convenience. The scheme of classification is based on the hierarchy of systems which contains the Valley
system. 
This has a number of advantages. 
First, it establishes a holistic
framework so that all possible groups of questions can be accommodated.
Second, it enables interactions between the different groups of key questions to be considered through the links in the hierarchical framework.
Third, different levels in the hierarchy tend to contain groups of ques-
 highli
tions that correspond to the special areas of responsibility or expertise 
 This c
of one of the various research institutions or decision making bodies and 
 ment c
this helps in identifying who is best suited to answering the questions(See Chapter 8). 	 that &Finally it is still sufficiently flexible to accomodate
new key questions as they 	 examp,emerge from new findings and changes in the area I
system. 

flower
 

The questions are 	 of thethus grouped under 6 headings : context questions,which are concerned with links between the focal system of study, the Valley,and the larger regional and natural systems which envelopquestions which operate at the 
it; valley syste cr'Oppilevel of the whole valley; valley sub-sste-s; Populavillage system; farm system to finally cropping system questions, which are land iconcerned iTh processes and decisions operating within one year at the 

field level. 

The study has also shown that in addition to answering key systems
questions there is a need for further accumulation of component knowledgeon such topics as testing new varieties, fertilizer trials in component 
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ops, etc. even though it may not be possible at first to relate this
 

0owledge directly to key processes and decisions. These component ques

ions are dealt with in Section 8 of this Chapter. 

Although the key questions have been classified in this way, it must
 

ereiterated that this classification scheme did not form the basis for
 

posing the key questions which emerged naturally during the intensive semi

ar sessions. 

Context questions 

All systems higher in the hierarchy than the focal system under study 
bd other systems at the same level with which the Chiang Mai Valley in
teracts are described as "the context." This section includes key questions 
,ncerned with the interactions between the valley system and its external 
nvironment, including both the immediate environment such as the uplands, 
ghlands and other Northern Region Valleys and the more highly aggregated
 
vstems such as the national economy, the world market, etc.
 

Some of the questions in this section, especially those dealing with
 
arger systems such as National policy or world markets, are scenario-type
 
Festions which probably cannot as yet be answered with any degree of
 
rtainty. They are included, however, in the hope that a number of possi
le scenarios to these questions will be considered when research is con
'Icted in an attempt to answer some of the more specific key questions on
 
ich they impinge.
 

A.1 In what ways can the interaction of the highland and upland
 
areas of the Chiang Mai Valley with the lowlands be exploited
 
to the common good of the whole area?
 

Because of their very different agro-ecological make-up the lowlands,
 
ighlands and uplands are suited to rather different types of agriculture. 
lis coupled with their close proximity means that their integrated develop
ent could bring about greater regional productivity and stability than
 
at attainable by individual development of each area in isolation. For
 

%ample to what extent could the highlands be used as a seed production 
ea for the lowlands for such possible crops as potatoes, strawberries or
 
1Owers, etc. thus simultaneously overcoming some of the marketing problems 
the highlands and some of the seed availability problems of the lowlands?
 

Other important questions may concern such areas as the way in which 
bpping patterns in the highlands affect water supply in the lowlands; how
 

lation pressure in the lowlands may cause expansion of agricultural
 
d into the uplands; etc.
 

A.2-	 To what extent will the research and practical experience
 
of groups working in the valley be relevant to other
 
similar agro-ecosystems?
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There are a number of other valleys in the Northern Region of 

Thailand which may have similar problems to those of the Chiang Mai Valley. 
of the valley may be common to many agro-Indeed some characteristics 

How should the relevance of local findecosystems throughout the world. 


ings to other areas be tested and how can relevant information be best
 
dug w,
disseminated? 
 seaso

proba 

What 	will be the likely changes in 
domestic and inter-


A.3 	 alrea 
national markets for crops in the 

Valley? 
di ffi,
 

This 	question is closely related to projected population and stand- to be
 

ard-of-living trends in the region and likely improvements in transport of th
 

networks to other areas. Changes in demand for agricultural produce will where
 
ed,ma
be both quantitative,depending on population and qualitative, depending on 

reced.
income levels. Multiple cropping must remain flexible enough to meet both 

flow
of these changes in demand. 


With 	the exception of a few isolated areas, road networks both within
 

and to other areas outside the Valley are fairly adequate. Thus, the poten. inter 

tial for storable produce is unlikely to change drastically in this respect valle 

in the near future. However, the recent upgrading of Chiang Mai Airport to and t 
affecinternational status may increase the potential for high value perishable 


crops that could be incorporated into multiple cropping systems. the r
 
Thus 

A.4 	How may foreseeable major policy decisions of the stand
 
effec
National Government affect multiple cropping in the 


valley?
 

Major policy decisions with respect to various issues such as energy- short 

policy, national-se:urity, trade agreements and international aid programmes a dam 

may have considerable impact on the valley. What are the likely scenarios the t 

and how can flexibility in cropping systems be best maintained to accommo- alrea 
of th.
date 	possible shifts in National Policy? 

imple!
 

3. 	 Valley system questions 

This section includes questions which address key processes and 

of the valley as a whole. These processesdecisions occurring at the level 
determine the productivity, stability and durability for the whole valley Mae T
 

system in such a way that these parameters may be qualitatively and quanti- in th.
 

tatively different from a mere summation of the component areas. For in te
 
likely to cause flooding problems in flood-prone dry sinstance heavy rainfall is 

areas but may well improve water supply in higher-elevation, rain-fed areas struc
 

and lack of rainfall may have the reverse effect. Thus, although these how i
 

two sub-systems are unstable when considered individually, the variabilit confl 

is reduced at the level of the valley.
 

B.1. 	How is the quantity and quality of underground water
 

being affected by increasing water-use in the expanding
 

multiple cropping in the Valley and what effect will will
 
weigh 
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lley. 
 this have on the further potential role of underground water for multiple cropping in the Chiang Mai
 
nd- Valley?
 

Farmers' own supply of underground water, from tube wells or shallow
dug wells, is the most reliable source for irrigation water during the dry
season. 
 The use of underground water is increasing rapidly in the Valley,
probably causing a rapid lowering of the water-table in 
some areas. There 
are
already reports from certain tube-well areas (e.g. San Khamphaeng) of
difficulties in obtaining domestic water.
nd- to be lowered to greater depths as 
In other areas pumps are having
the use of tube wells produces coning
t 
 of the water-table.


ill Even in shallow water-table areas such as Ban Hong,where pumping from shallow dug-wells is common and no problems were expecton 
 ed,many farmers 
both recedes. 

are having to install deeper tube-wells as the water-tableIn addition diversion of water from rivers affects down-stream 
flow with potential effects on the water-table.
 

ithin Increasing water use
)oten- from any source for multiple cropping may also
3pec 
interact with either a net beneficial or detrimental effect on the overall
valley water-table. 
 The increased leaching into the water-table of nutrients
,tt 
 and toxic materials associated with increased cropping intensity may also
)le affect the quality of subsurface water with future effects 
on cropping and
the rural pcpulation who obtain domestic water supplies from this source.
Thus future planning for water utilization should be based on an understanding of the interactions between different water sources and the
effects of these on all potential uses.
 

!rgy shortagesEven now farmers in the Mae Kuang project are responding to waterby sinking tube-wells while the response'amm, a dam with of the RID is to put inwater storage facilities which, when it comes on line may makelios the tube wells redundant, or the water may not beo- used because thealready have tube-wells. farmersThus there is a critical need for an assessmentof the water resour-.e of the Valley as a whole before more projects are 
implemented. 

B.2 What are the likely consequences of planned major
impoundments in the Valley?
 

sseE 
 Two water-storage reservoirs are nearing completion to service the
ey Mae Taeng and Mae Kuang systems.

nti- These will be the first storage structures
in the Valley and could be expected to have a large impact on 
the 2 systems
 
rone 

in terms of flood control in the rainy season and water availability in the
dry season. What new potentialities for multiple cropping will these
 
reas Structures allow and what new problems are likely to occur. 
 For instance
ity 

how is the available water to be fairly apportioned and what are the likelyConflicts between agriculture and hydro-electricity generation?
 

B.3 
Is land consolidation desirable in the Chiang Mai Valley?
 

It is generally believed that consolidation of fragmented holdings
Will improve irrigation efficiency. 
However, the advantage has to be
Weighed against the loss of diversity within the farm. 
In the existing
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likely 

system, with parcels of land on different elevations, farmers derive a croppi
 

certain degree of stability from employing different cropping patterns. 
 co 

addition, the critical question of water distribution has 
to be answered.
 

In the face of a water shortage, which is often very serious in the Valley,
 

many farmers who depend on diversion systems, will be left with their land
 

removed from irrigation systems while a few may get better access to water,
 

as any one agrict
Furthermore the present pattern tends to spread risk 


farmer is likely to have land at all 3 elevations and while heavy rainfall labou
 

may cause problems at the low elevations it may improve water availability the ri
 
may bE
at the higher elevations. 
 larger

patter
 

B.4 	Can vegetables, produced in multiple 
cropping systems, 

and w
 
meet the year round requirements of 

a processing 


factory in a manner acceptable 
to both farmers and
 

processors?
 

Vegetables are an ideal crop for the cool season and there is a high
 

potential demand for them in Chiang Mai and in Bangkok and other markets.
 

Processing factories have been established in Chiang Mai but have been un

successful because of the inability of the processors to obtain sufficient rice.
 
economic quantities for processing at the right time, in practice on a Kao D
 

specified day. Can production, harvesting and transportation be improved presei
 

to solve the problem, perhaps by better planning, processor contracts and betwe(
 

harvesting by the processors themselves? In addition does the pre- gluti
 
Howev(
ponderance of the subsistence rice crop in the wet season mean that 
 varie


vegetables to sustain processing requirements would not be available at 


Khamp
this 	time? 


B.5 Are different management strategies needed for the	 4.
different soil types in the Valley? 


From 	the classification of soils in the Valley, the differences among
 

the major soils are not great. However we are often told by farmers that proper
 

their soils are good for some crops and not for others. Cropping systems problE
 

also differ greatly in their requirement for land preparation and soil betwe&
 

We need to know how the different soil types lend themselves admin
treatments. 

to different management tactics and how they are affected in the long 

run,
 

for example how are different soils affected by non-tillage systems, 
or
 

double rice cultivation?
 

B.6 	 How can the problem of the availability and the quality
 

of seed, which is a constraint to multiple cropping in the
 

Chiang Mai Valley, be overcome in the near future? prese"
 
uncer
 
be po
 

The seed industry in Thailand is 
not very well organized, except 


For seeds which are not storable, e.g. 
soybei st d
 

perhaps for vegetable seeds. 	 ties)
Even 	for crops for which seed CX 


and peanut, the problem is very serious. 
 doubl.
 
be kept from the previous year's crop, 

farmers believe that it is essenti 


to renew their seed stock every 
3-4 years, from sources either 

in other
 

parts of the Valley or from outside the Valley. A reliable seed supply is
 

or
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likely to contribute greatly to agricultural development and multiple
 
cropping in the Valley.
 

B.7 	What are the likely effects of increasing urbanization
 
on agricultural employment patterns, the price of land
 
and the size of holdings in the Valley?
 

The high rate of industrialization made possible by a developing

agriculture in the Valley means that a demand for both part and full-time 
labour is created in the urban centres which must be supplied mainly from
 
the rural sector. Furthermore, profits generated within the urban centres
 
may be invested in agricultural-land, forcing up prices and causing a
 
larger proportion of absentee-landlords with resultant changes in tenancy

patterns throughout the Valley. 
What are the various likely scenarios
 
and what will the effect be on multiple cropping?
 

B.8 	 How do changes in relative prices affect the choice of
 
rice varieties grown and how does this in turn affect
 
the relative prices?
 

Non-glutinous rice usually commands a higher price than glutinous

rice. 
 High prices are paid for good eating quality in varieties such as
 
Kao Dawk Mali (non-glutinous), and Neow Sanpathong (glutinous). 
 Under
 
present subsistence farming and the prevailing small price difference
 
between glutinous and non-glutinous rice, farmers in the Valley grow

glutinous rice and generally would not change to non-glutinous varieties.
 
However, the price difference between Kao Dawk Mali and improved RD
 
varieties may affect varietal choice; for instance, farmers in San
 
Khamphaeng district tend to grow Kao Dawk Mali instead of RD varieties.
 

4. 	 Valley sub system questions 

Chapter 6 identified a number of Valley sub systems with unique

properties and problems. The questions in this section focus on these
 
problems and on processes occurring at a level of organization intermediate
 
between the Valley and the village, such as the irrigation systems and
 
administratively or ecologically similar areas.
 

C.1 	 How can systems for areas of poor or no dry-season
irrigation be manipulated to extend the crop growing 
season? -

Substantial rainfed or partially-irrigated areas in the Valley are 
Presently rice monocropped because rainfall or irrigation supply is too
Uncertain to adopt conventional double cropping systems. It may however 
be possible, by manipulating cropping systems in the light of a good under-
Standing 6f rainfall probabilities (both primary and secondary probabili
ties), soil moisture characteristics and crop requirements, to develop 
double cropping systems for these currently mono-cropped areas.
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Soil 	moisture conservation can be improved either by increasing soilmoisture storage or by decreasing the rate of evapotranspiration. 
For a
given amount of precipitation the amount of moisture stored in the soil idependent on the infiltration rate of the soil and its moisture holding
capacity. Infiltration rate may be enhanced by cultivation techniques thatpromote good aggregation and stable surface soil structure. Studies are
required of the effect of different techniques on the structure of the soil
types of the Valley together with a better understanding of their moisture,holding characteristics. Research is also required on the conflict betweethe impermeable coil surface requirement for paddy rice with the soil
 
structure needs of the following dry season crops on the same 
land.
Studies on mulching techniques to decrease evapotranspiration are also
 
required.
 

C.2 
What 	is the best time to close irrigation systems for
 
maintenance so as 
to improve cropping system options?
 

Water supply virtually ceases during the period the canals are maintained. 
Ideally, this should coincide with the periods of low irrigation
water requirement in the cropping season. 
It is easier to realise this on
 
an individual farm than for a larger region, say the command area of a
lateral where the cropping patterns may be heterogeneous. The time
 
required for maintenance also varies with the size of the system.
current practice to close the canals in December and June. It is
This 	fits with
 
a rice followed by soybean peanut rotation butor inhibits a triple croprotation involving cool and hot season crops. However the choice may be due
to the better availability of labour for maintenance at these times. 
It
 
may be possible to devise a more optimal pattern of maintenance, probably
 
involving differing closure times for individual laterals or cropping
regions depending on when, in some areas, water may be available from the
traditional systems thus allowing cropping at these times.
 

C.3 	What are the special characteristics of flood-prone
areas and how can they be best managed.
 

Some 	areas in the Valley close to the rivers are prone to flooding
during the rainy season. Farmers in these areas have devised various
 
strategies with varying degrees of success in overcoming the problem.

Some plant their higher-elevation fields at double density so that if lowe
elevation fields are lost to flooding they can replant from the higher
fields, others in RID system areas plant their rice crop in the hot season
when 	 flooding doesn't occur and the RID guarantees adequate water for thisCan these systems be manipulated, possibly with the inclusion of a deepwater-tolerant rice variety, to increase productivity and stability?
 

Village system questions 

Villages originally arose because a group of people found that suchcommunal living was mutually beneficial (See Chapter 6). It can thereforebe expected that a large number of processes which affect the productivity 
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and stability of individual farms occur at the level of the village. Thus 

this section includes questions addressing such aspects as exchange labour 

groups, tenure patterns and other village level processes. 

D.l 	 Is labour availability important in constraining the
 

options to increased profitability of cropping systems
 

and how can such constraints be overcome?
 

Labour availability is crucial for some high profit crops. Tobacco
 

production, for instance, is highly profitable relative to other competing
 

crops, having a secured market outlet, but it requires an intensive labour
 

input. Therefore, farmers are not likely to expand production beyond the
 

level that family labour can cope with. Hiring of external workers means
 
high cash expenditure, and cash is usually scarce. The exchange labour
 
system is not suitable for crops with continual high-labour-input.
 

For the crops with seasonally high requirement of labour to finish
 
certain production activities in a short time,like rice transplanting or
 
harvesting,the labour problem can be overcome by the labour exchange system.
 
However, in intensive cropping areas, the reciprocal work group is not so
 
prevalent as it was formerly, because the labour exchange system cannot
 
cope with the increased labour peaks caused by the planting of early crops
 
coinciding with harvesting the previous rice crop. Multiple cropping
 
requires short turn-around times and sometimes requires definite planting
 
dates, the labour exchange system does not meet this requirement. In the
 
absence of an energy shortage problem, machinery use may be the best solu
tion but may be attainable by only a few of the rich farmers who then leave 
the traditional labour exchange system,thus bringing about its collapse to
 
the detriment of the farmers who do not have the financial capability to
 
mechanize. 

D.2 	 To what extent do present land ownership and tenure 
patterns constrain operators from adopting multiple
 
cropping and other strategies for increasing cropping
 
system profitability?
 

It is commonly assumed that existing patterns of land ownership and
 
rental are constraints to increased profitability although they may foster
 
a degree of stability in terms of the variance about the expected annual
 
return. How true is 'his?
 

It is also commonly assumed that lack of ownership and insecurity of
 
tenure inhibit farmers from intensifying their cropping patterns. However,
 
Willingness to embark on hot season cropping, for example, might be in
creased on rented land, particularly where inputs from the preceeding
 

Owner-cultivated-crop may carry over and where no rental is paid in the
 
event of crop failure. How true is the general assumption and how import

ant a 	constraint is it?
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6. 	 Farm family System questions
The farm family is the basic unit of production and consumption in
 

the Valley, supplying labour for agriculture and eating the subsistence
 
rice crop. 
Thus many important processes revolve around this level of 

organization and many key decisions are related to it. 
 ty
section deal with such aspects as: 	 Questions in this
constraints that this puts on 

family subsistence requirement and the 
to
 

intensifying multiple cropping, the comple 

Si.mentarity between the different enterprises 
 Wi.with fragmented holdings, etc.	 

on the farm, ways of dealing 
 Pei 
E.1 
How should different cropping systems within a farm be
combined to produce an optimal farm system? 
 frc
 

How
 
season. 


Many farmers in the Valley will grow a diversity of cropsThese they will allocate to their field plots on the basis of 

in the dryfield elevations$ distance from the dwelling, etc. 	

new
 
"sudouble and triple cropping systems are 	

As more intensive

introduced the problem of optimis 

wit
ing the distribution of different systems within the farm becomes more
 
complicated. 	 req

as practised and how it may be improved.
 

We need to understand the current basis of farm optimisation
 

In many areas of the Valley, Particularly in the Mae Kuang and Mae
 
Ping Kao Projects, there is considerable high elevation land which is not 
 spat
 
best suited for paddy rice and can be planted to tobacco (for high quality), 
 proc
 
soybean and peanuts (for seed) and tomatoes (for high prices). 
 However,
requirement attempts are often made to grow paddy rice on the higher 	

not
 
because of the fragmentation of holdings and the subsistence-rice-crop 


They
elevation and tobacco on good paddy land with attendant water problems and 

poor yields. ty 0On the other hand, at the beginning of the cool season field 

diff,in low lying areas around some villages are too wet for an early cool sear 
son crop. 	 crop:Different cropping patterns and improved crop and water manage-


diff 
latic
 

ment and drainage systems might help to optimise the utilization of different elevations within farms and villages.
 

be 
In addition fields at a distance from the farmers dwelling may often 

of good quality; but farmers may not be ableor may be unwilling to invest costly inputs because the crop cannot be 


to invest sufficient labourregularly monitored or there is a danger of the harvest being stolen or 	

crops
 
facto
lost through unexpected catastrophe. 
Ideally systems of low input and high 
days


security are required. iny or,
 
E.2 To what extent do farmers rotate cropping systems in one 

yearfield from year to year and what are 
 can wEthe advantages
and disadvantages? and 3 

preference, risk-taking, neighbour influence, 


Decisions each year on what to grow vary according to individual
tenure patterns. 	 Projec
new ideas, market prices and
systems from one year to the next. 	
i.e. t
 

Any one field plot may thus support different croppingWhat are the advantages and dis-
Ple cr,

advantages 	 Withof this?	 e: 

crops
 

I 
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E.3 	How can the tactical options of farmers pursuing sub
sistence dominant strategies be improved?
 

Farmers close to subsistence are unable to improve system productivi
tyby 	growing high-profit, cool-season crops because they are constrained
 
togrowing long-maturity, traditional rice varieties to meet family sub
sistence requirements. They are thus forced into double cropping at most,
 
with low-input, low-return crops in the warm-season such as soybeans or
 
peanuts. 

By iproving productivity in their rice crop they may free some land
 
from this constraint,permitting more profitable double or triple cropping.
 
However, farmers in this group are very risk averse in their subsistence
 
rice crop and may be unwilling to take the chances associated with adopting
 
new technology in this crop. These farmers are thus caught in a kind of
 
"subsistence-trap" whereby increases in system productivity can come only
 
with improvements in the wet-season rice crop but, due to subsistence
 
requirements, they are prevented from making these improvements.
 

7. 	 Cropping system questions 

Questions in this section focus at the level of the field, the basic
 
SPtial production unit of cropping systems. The questions address the
 
Processes that occur when crops are assembled into systems but which do
 
lot usually come to light when the component crops are studied in isolation.
 
[bey include questions related to the productivity, stability and durabili
tYof the entire-ystem which may be both quantitatively and qualitatively
 
lifferent from a summation of the component stabilities of the individual
 
Crops. The processes involved are related to effects occuring between the
 
different crops in the system in terms of time, soil, pest and weed popu
lations, cash flow, labour requirements, etc.
 

F.1 	 How can cropping intensity be best defined and measured?
 

Cropping intensity is currently defined as the average number of 
erops per field-plot per year. This is a very crude and rather unsatis
factory index. It does noy,for example,take into account the number of 
days the land is under a crop nor consider the constraits. For example, 
Inorder to compare different land receiving water for less than the whole 
Year the intensity might be better measured in terms of the number of days 
Ofwater availability rather than the total days in the year. Also how 
ean we most usefully distinguish, for example, two crops each of 150 days 
azd 3 crops of 100 days each? 

Furthermore, under the current concept of cropping intensity the
 
Oject has assumed that one of its goals is to increase cropping intensity,
 
.e.triple cropping is more desirable than double cropping. However, tri-

Le cropping is much less extensive in the Valley than double cropping.
 
th existing farmers' goals and constraints and the availability of water,
 
'OPs and cultivation techniques in some areas and situations in the Valley,
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improving double cropping may be a better strategy than changing to triple
cropping. 
This aspect of land use will also have to be considered in 
 o:
defining cropping intensity.
 

How are the productivity, stability and durability of 
 U!
multiple cropping systems to be best understood and
how are these properties affected by different cropping

strategies?
 

Superficially productivity is easily measured in terms of biomass,
yield or net return. 
However, it is clear that the mix of a subsistence
crop, a cash income and a variety of less tangible objectives followed by
the majority of the farmers in the Valley requires a more complex definition and measurement of productivity. 
Stability and durability pose an
even more difficult problem. al
Declining pH and increasing pest, disease and 
 so
 
19
 

weed problems are only some of the-indications that need to be considered.
This is closely allied to the preceding question. 
We need to krow how
resilient are different cropping systems to such stresses as drcught, soil-

so
 

acidity and weed infestation. In L±articular is the resilience altered by 
ch
 

the kind of management strategy? th
Do high input strategies reduce the resi-
lience? 
 un
 
fl
 

F.3 What are 

Re:
the effects of a fallow period in the cropping 
 Pe
 

s y s t e m ? po}
~re 
One of the advantages of double over triple cropping may be the
presence of a fallow period. 
 Fallows typically produce sti
 a heavy grass 
 sov
cover which may increase the weed problems in subsequent crops. The grass neE
may also utilize available nutrients; on the other hand there may be a
reduction in losses due to leaching which at certain times of the year may 

stE
 
be high under alternative crops. pu2
Fallows may also have beneficial effects 
 Que
on disease problems and have wider benefits in socio-economic terms. They
may. for example, provide grazing which permits the continued efficient use
of draught animals.
 

F.4 
What system properties are important in determining
nutrient-use-efficiency and how can 
these be beneficially
manipulated? to
 
sug
 

With the increasing cost of fertilizers the efficient use of applied
nutrients is becoming more critical. 
There is good knowledge of optimal
timing and amounts of fertilizer when applied to individual component crops,
but there is very little information on the nutrient cycles of the entire
 
system.
 

What is the residual effect of grain legumes particularly
in terms of nitrogen donation to subsequent crops includ
ing rice?
 

In temperate agriculture grain legumes leave very little nitrogen
for subsequent crops if the tops are removed. 
However it is believed that
the position may be different under certain tropical conditions. 
We need
 

F.5 

I 
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to know the benefits to be derived from including grain legumes in the range
 

of cropping systems we are studying. The anaerobic conditions in the paddy
 

rice crop may mean that any residual nutrients are "locked up" and being
 
Is this true in the case
unavailable to the rice are lost from the system. 


of residual nutrients from legume crops?
 

F.6 	 How is yield stability of component crops within a
 

system as well as performance of the whole system
 

affected by fluctuations in 	the soil under rice-basad
 

multiple cropping and how are these fluctuations
 
affected by management practices?
 

Soils under rice-based multiple cropping are unique because of the
 
Changes in flooded
alternately oxidized and reduced periods in each year. 


soils have been thoroughly investigated at IRRI (see IRRI Annual Report,
 

1964), but there is little information on the changes that occur when the
 

soil is drained. The other obvious effect of the rice crop is the drastic
 

change in soil structure caused by puddling during land preparation for
 

the rice crop. Recent experiments at the MCP have shown that the soil
 

under rice-based multiple cropping is highly dynamic. Yearly cycles of
 

fluctuation have been observed for soil acidity and available phosphorus.
 

Results have also suggested biological cycles of fluctuation in rhizobial
 
On the other
populations and possibly biological axidation of manganese. 


hand no tillage experiments have suggested that there may also be positive
 

residual effects of the rice crop. Cereal and legume crops sown into rice
 

stubble, with no tillage, gave yields as high as or even higher than those
 

sown 	in conventional beds prepared with rotary hoes. There is a critical
 
need 	to understand the processes behind these changes, how nutritional
 
status, growth and yield of 	crops are affected and how can they be mani

pulated and also what are the possible long term implications (see
 
Question F.13).
 

F.7 	How does a perturbation or management action in one
 
crop affect overall system performance?
 

Various actions or perturbations in one crop may well be carried over
 

to following crops by a number of possible routes. Research at the MCP has
 

suggested a number of possible routes:
 

1. 	Chemical: residual effects of persistent herbi
cides and pesticides.
 

2. Soil fertility status: 	 residual effects of fertilizer appli
cation, liming, crop-residue manage
ment, etc.
 

3. Time dimension: slips in the schedule in one crop
 
may have important repercussions
 
in following crops.
 

4. Weed, disease and pest populations: effects such as removal
 
of natural enemies, pesticide
 
resistence, shifts in weed floras, etc.
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5. Soil structure: changes in soil structure due to c 
cultivation techniques in one crop. n 

We need to gain an understanding of the possible modes of behavior 

of these various routes so as to be able to assess their effects in terms 

of entire system performance rather than solely -inthe crop in which they 
occur. 

F.8 Which system properties affect pest populations and how 
can these be manipulated to givc enhanced pest control? 

] 
We have observed, from the MCP experiment station, that weed infest 

ation in the rice fields which have been subjected to several years of 
continued cropping is more severe than that found in the farmers' fields 
under less intensive cropping. 

C 
It is also noted that different cropping patterns, with their in

herent cultivation measures, showed different pest species and degrees of 
infestation. The potential temporal diversity inherent in multiple crop
ping may give a new means of controlling pests by alternating favourable 

4 habitats with unfavourable ones or tolerant crop species with susceptible 

3 ones. By gaining an understanding of the dynamics involved it may be 
possible to manipulate system properties to reduce pest infestation or to 
shift weed populations to a flora that is susceptible to chemical control. 

! F.9 What are the characteristic requirements of multiple 

cropping for credit and how should credit systems be 
designed to meet these requirements? 

As seen in Chapter 6, credit requirements are currently determined on 
a component crop basis. However, when these crops are grown in a system 
their requirements may change considerably. How should credit arrangements 

c 

be tailored to meet these special needs? In particular how can credit 
systems be best arranged for the subsistence rice crop in which improvement f 
is critical if cropping is to be intensified but which normally generates c 
no cash to pay back the loan in the normal pay-back period. c 

F.10 What are the desired characteristics of rice varieties 
as components of a multiple cropping system? 

Currently the glutinous rice varieties which are predominantly grown 

are all photosensitive,with average yields of about 500 kg/rai. They are 
all late maturing with the exception of Kao Dor which has relatively low 
yield and poor quality. Early maturity coupled with high yield and good 
quality, is a critical characteristic for multiple cropping, but are there 

others? For example will rice variety characteristics affect soil structur 
nutrients, pests, disease or weeds in subsequent crops? 

Glutinous varieties such as RD 2 and RD 6 have high yields but their 

quality and acceptability is not as high as Sanpatong which is photosensi
tive and produces lower yields. If the eating quality of the RD varieties 
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could be improved and their maturity also brought forward, they would pro

vide a 	good basic crop for intensifying multiple cropping based on gluti

nous rice. An alternative would be to improve the yields and quality of 

Kao Dor. 

F.11 	How large is the biological nitrogen fixation under
 
rice and how can it be best exploited to improve crop
ping system performance?
 

Without nitrogen fertilizer traditional glutinous rice in the Chiang
 
Mai Valley can yield up to 5 tons/ha of paddy. This is equivalent to 80
100 kg of nitrogen harvested each year, including that in the straw. About
 
20 kg are estimated to have come from rain and irrigation water (Brown,
 
1979). We are postulating that biological nitrogen fixation must have
 
significantly contributed to the remaining 60-80 kg N/ha. We need to iden
tify how much of the total N harvested each year in non-fertilized rice 
crops comes from biological nitrogen fixation and what are the factors that
 
might be limiting its further exploitation.
 

F.12 	 How can the wet season rice crop and the following
 
cool season crop be best managed for optimal system
 
performance? 

Early planting of photononsensitive rice varieties allows timely
 
planting of second, cool-season crops such as chilli-peppers, garlic,
 
tobacco and vegetables,thus ensuring maximum benefit from the low tempera
tures. However, early planted rice may be subjected to a water-stress
 
period in June when there is often insufficient water in the irrigation
 
systems and traditional short maturity varieties currently available have
 
lower yields. On the other hand, late-planting of the cool season crops
 
reduces yield as the critical period of crop development no longer coin
cides with the low temperatures.
 

Thus because, under present technology, optimal crop management
 
for both seasons cannot be achieved a critical assessment of the trade-offs 
concerned is necessary. Better water management for,and timely planting
 
of,early rice varieties with good drought tolerant characteristics or high
 
Value second crops which require cool temperatures only for establishment
 
and early growth may be the ways of optimising entire system performance. 

F.13 	What are the likely effects of increasing cropping
 
intensity and high inputs on the stability and
 
durability of rice-based multiple cropping systems?
 

Cropping intensity has been increasing rapidly in the Valley in the
 
Past 15 years. The amount of inputs of fertilizers and pest control chemi
cals used has also increased greatly. Problems emerging in farmers' fields 
tay be related to these trends. Farmers' in a very intensive triple crop-

Ping area il Ban Hong have stopped growing mungbean altogether because of 
A drastic yield reduction. In another triple crop area south of Sanpatong 
rthere 	are complaints of soils becoming "hard" and "salty". At the MCP 
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experiment station a trend in declining yield of rice is highly evident in
fields which have been intensively cropped, with high levels of inputs, ove 
limi"
 

the last 10 years. Performance 	 whet)of other cropspoor. has also lately been 	 veryMost multiple cropping 	 theresearch programmes aretion that the agro-ecosystem concerned 	 based on the assump
increased 	 is durable, i.e. productivity can be seas(simply by growing more crops per year and raising the input
levels. 
We 	 time
are putting forward a hypothesis that this assumption may be
wrong, due possibly, 
 In cz
in part, to the within-year dynamics of the system 
 is dr
(see Question F.6) leading to a gradual change in the system relationships 
 answE
over a number of years.
 

Component questions 

As described in Chapter 6, component research is an essential pre-
floodrequisite to systems research in multiple cropping. 	 ing (
A good understanding 
 these
of component crops and their characteristics when grown as sole crops isessential before they can be assembled into systems. On-fa 

concentrates Although this documenton developing a framework for efficient systems research, the 
ditch.
 

group support the view that component research must also be continued in
order to test new crops and varieties and to improve agronomic practices on 
 of Sol
existing crops. 
salin

The approach adopted here allows the more pertinent component questio, 
 consi
to be asked and enables some priorities to be put on component research in
terms of its potential impact on the whole system. 
All component questions
may not initially be 
'key system' questions but, as this component research
is initiated and results are obtained, the consequences of these results
begin to pin-point potential interactions at the system level thus posing
new 
'key system' questions and thus gradually becoming a part of the systems 
later
 

research. 
 ley sh
 
early 

This section deals with component questions which the procedure of planti.
work has shown have immediate implications in terms of the performance of 
son ra:
 
necessE
the system under study. 

extens:G.1 
What is the potential for intercropping in the Valley? 	
get pl 
plantec
 

Intercropping, with the exception of some limited relay cropping of
chilli-pepper into garlic, is rare in the Valley. 
August

in lat(
Yet in other parts of
Asia intercroppings have been used to increase productivity, stability, and 

sensit:
 

resource-use-efficiency. 
 ed by I
What is the potential here? 

wet seE
 

To what extent is nitrogen, i.e. the symbiotic fixation of 
 cold tc
N, a limiting factor to the yield of legumes grown in rice-	
Another
 
Plantir.
based multiple cropping systems and what Is the potential 
 ter tra
role of rhizobial inoculation? 

used fc
 

The importance of leguminous crops in rice-based multiple cropping 
 water s
in the Chiang Mai Valley is unquestionable. 	 Seedlin
However, information on the 
 With re
efficiency of symbiotic N2 fixation of legume-Rhizobium symbioses is very
 

1.2 
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.nt in limited, whereas yields of legumes are generally low. The question is 
:s, over whether the symbiotic N2 fixation is fully exploited, and if not, what are 
,ery the limiting factors? Recent experiments at the MCP have shown that the 
;sump- indigenous rhizobial population is greatly reduced by the end of the rice 
can be season. The presence of sufficient number of appropriate rhizobia at the 

* 	 time of legume germination is crucial to a successful symbiotic development. 
be In cases where rhizobial survival under rice and/or growth after the field 

tem 	 isdrained are adversely affected, then rhizobial inoculation may be the
 
iships 	 answer. 

G.3 How can on-farm water use efficiency be improved? 

Current methods of irrigation for upland crops in the Valley include 
flood (for no-tillage soybean), furrow (for peanut and mungbean) and splash

)re- ing (for garlic, shallot and vegetables). The efficiency of water use in 
,ding these methods needs to be evaluated against economically viable alternatives. 
is On-farm, water-conserving measures, e.g. removal of weeds in irrigation 

ocimnent ditches, mulching, low-input sprinkler systems need to be examined. 
the 
in Furthermore, recent evidence from the MCP plots suggests that the use 

ces on of some forms of these irrigation techniques in some systems may cause 
salinisation problems which must be avoided for cropping system durability'
 
considerations.
 

uestions 
,ch in G.4 If late planting of rice is inevitable how can yield 
stions 	 reduction be avoided?
 
search 
lts 	 Planting date studies (Rerkasem, 1978) have shown that when planted

sing 	 later than August 15 all of the rice varieties currently grown in the Val
systems 	 ley showed marked yield reduction. While an early rice crop followed by an
 

early cool season crop are essential for a high profit cropping system, late 
Planting of rice is sometimes inevitible,either because of delayed wet sea

of Son rain or a loss of first planting,due to flood making a second planting 
S of 	 necessary. In addition, in the system of labour exchange, which is employed


extensively in rice transplanting and harvesting, many fields are bound to
 
get planted outside the optimal time. In 1972 63% of farmers in the Valley
 
Planted their rice in the whole month of August and 10% planted after 
August. Shortened vegetative growth may be responsible for yield reduction 

g of 	 n late planted photosensitive varieties. However, for the new non-photo
of ensitive RD varieties phenological development did not appear to be affect
and d by planting time. -Declining night temperature towards the end of the
 

et season is one possible cause of yield reduction. Thus breeding work on
 
old tolerant rice varieties may be one way of tackling this problem.
 
nother way may be by adjusting the combination of seedling age and trans
lanting density. Young seedlings establish faster than old seedlings af
er transplanting. With high yielding varieties, 20 day old seedlings are 
sed for transplanting at 1-2 plants/hill. In the event of drought or when 
ater supply is not readily available, late planting is inevitable. Then 

Lng .edling age and transplanting density interaction would be a relevant issue 
:he ith respect to rice yield stability. 
-ery 
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G.5 How can the cool season in the Chiang Mai Valley be used wards,to the maximum advantage? 
was iso.
 

The cool temperatures in the negativwperiod from mid-November to early-Marchare unique to areas of the hypothe:Northern Region in Thailand. The ChiangValley thus Mai Perhapshas a comparative advantage over many otheTr areas in the count5 humidit 3in the growth of various temperate crops. How can this advantage be used t,its maximum potential? 

G.6 Can the profitability of late planted garlic be improved? 

Because of late maturity of the rice crop, garlic tends to be plantedlate but the yield of garlic is highly dependent on the date of planting;
November planting gives the best yield. 
One testable hypothesis is that With
late plantings yield is reduced because of the increasing temperature, whichstarts in January. Another question would be: 
 how is garlic affected by
the rapid increase in evapotranspiration, which accompanies the rise in
temperature and alters the water balance? 
Can the problem be overcome by

varietal improvement?
 

This question is also relevant for all cool-season crops and the
system implications for all crops have already been dealt with in Question
F.12. 
The garlic crop is chosen as a priority for component research of
this nature, however, for a number of reasons. 
First it is already extensively grown in the Chiang Mai Valley and offers potentially good returns
to the farmers. 
 Secondly there are large variations in yield between farns
in the Valley which could well be attributable to the considerable variation
in planting dates that have also been observed. In addition,work at the
MCP has shown that late planted garlic, although yielding less, loses less
weight on drying for storage which enables higher prices to be obtained
later in the season than those prevailing when the garlic is sold fresh from
the field. 
Research in this direction may therefore also be a means of iflcreasing returns to late planted garlic.
 

G.7 
What are suitable alternative mulches to rice straw for high

input crops?
 

When cool season crops are planted early, as in the Mae Ping Kao area,the mulch must be rice straw either left over from the previous year orstraw from early maturing glutinous rice cultivars. Demand is usually over
supply and this makes the price of rice straw very costly; the cost of rice
straw for one rai of early garlic is about 600 Baht. 
RD varieties produce
poor quality mulch straw. 
Are there satisfactory alternatives, for example

tree leaves, that can be used?
 

G.8 
What is the cause of tip burn in garlic and how can it be
 
controlled?
 

In early 1975, the off season rain in early January resulted in heavy
loss of garlic bulb yield. The crop was 
severely damaged by "tip-burn"
incidence, a symptom characterized by the leaf wilting from the tip down
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wards, then browning and the plant eventually dying. The diseased leafwas isolated for signs of pathological organisms, but the results were
negative. The cause of tip burn is still not fully understood but ithypothesized that the cause is ismore likely physiological than pathological.Perhaps the studies would involve a controlled environment where light,humidity and moisture could be properly manipulated to tapt f-- ... 
 .
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CHAPTER EIGHT 

researc 

thorouiCONCLUSION this er our wo1 
researc 

and fa
An assessment 

outset of this analysis we set ourselves the task of reviewing 8.1).
At the 

the current state of our knowledge of multiple cropping as practised in the ConstrE 
Chiang Mai Valley and, on this basis, formulating the priorities for future 

at Chiang Mai University. What weresearch of the Multiple Cropping Project 
have achieved is a better understanding of multiple cropping and its signi- supply 

set of some sual
ficance in the context of the development of the Valley and a 

thirty key system questions and a further 8 component questions which merit tdeofua 
high research priority. Most importantly, this understanding and the set of improv 
questions reflect the shared consensus of the authors of the report, arTived SourcesSmroe
at through the intensive seminars and writing sessions. The report thus of the 
reflects a systemic understanding by a multidisciplinary team. In retro- if ever 
spect it may seem that many of the key questions were obvious and could what wa 
have been discerned without the elaborate analysis. However, many of the 
questions were ot perceived at the outset particularly in their final pre- 7 
cise form. Moreover, the process of shared analysis and the arrival at a access 
set of questions which are agreed upon as critical provides a basis for 	 B.6, B.
 
genuine interdisciplinary research which was not present before. 	 turn ou 

As outlined in the first chapter the procedure of analysis does not supply 

The set of key questions is large, providing sufficient fuel timing
stop here. to have 
for many years of research. They require further discussion and evaluation 

They also vary greatly in ly have 
to discuss priorities for immediate attention. 

that they indi- ly obvi 
the skills, experience, facilities and financial resources 

vidually require in order to be successfully answered. Only a portion can F 
and should be tackled by the MCP and in this final chapter we discuss the ping,bo 
basis on which the choices are to be made. 	 assorte
 

agronom
 

(Questin
Priorities2. 
straint 
that of 

Strategies of Research 


F
 
In the early- years of the MCP a linear model of research and imple- F.l1, 

residua.Triple cropping systems were designed on the basis 
mentation was followed. 

of agronomic theory, tested and evaluated under good experimental conditions 	 glutino 

crops 0 
and then tried under supervision in farmers' fields, with the successfulfa 

For theldsnextension channels.on farmers through normalsystems then to be urged 
that have been described in this report, particularly in Chap- yields

the reasons 
of the systems have been glutinoifruitful. Fewter 5, this model has not been very 

that th;
In many situations the MCP 

successful enough to warrant extension effort. 


more from farmers' practice product:
have themselvesresearch workers found 	 learning 

there are no managem
have to offer. This, of course, does not mean that

than they 

major improvements in agricultural production in the Valley to be made or
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practice 

3 are no 
iade or 

that there are not serious problems to be solved. 
But it does mean that
research objectives have to be chosen with care and in the light of a
thorough analysis of the systems to be changed. 
The key questions reflect
this emphasis but to further ensure the continued utility and relevance of
our work we feel it is important to replace this simple linear model of
research, characterised by the distance it imposes between basic research
and farmers' practice, by a more complex close-knit model in which the feedback between theory and practice dominates the research programmes (Figure

8.1).
 
Constraints 

Everything that we have seen and heard points strongly to the water
supply as the major constraining factor to more intensive cropping. 
Given
adequate and, in particular, secure water, farmers rapidly develop a variety of reasonably efficient cropping systems. 
 The questions concerning the
improvements in the RID system (C2) and the provision of alternative
sources 
(Bl) are thus strong contenders for high priority.
of the Valley, however, adequate, secure water may be For many parts
a long time coming,
if ever, and for these farmers the problem is how to make better use of
 

what water they may have. 
 Questions C.1 and C.3 then become important.
The constraints of credit and labour availabilities, land tenure,
 
access to inputs and markets and the prices prevailing (Questions B.3, B.4,
B.6, B.7, B.8, D.1,
turn out individually or in combination to be more critical than water
 

D.2 and F.9) are still largely unassessed. They could
 

supply and hence they justify a fairly high priority of research. They do,
however, pose more complex problems of analysis. For example, labour or
timing constraints which appear critical in 
one part of the Valley appear
to have been readily overcome in another,for reasons that are not immediate
ly obvious. Very careful and detailed comparative studies are required.


Finally there are the agronomic constraints. 
 Much of the triple croppingboth experimentally and in farmer practicedepends on relatively illassorted and poorly fitted component crops. 
 Finding new components or
agronomic practices or breeding new specially suited varieties is important
(Questions G.1  8);but their success will depend on a much better understanding of the agro-climatological seasons and the time dependent constraints (Questions C.l, C.2, G.4 and F.13). 
 However, our analysis suggests
that of even greater priority are Questions B.8, E.3, F.4, F.5, F.6, F.10,

F.11, F.12, F.13 and G.2 which relate to the productivity, timing and
residual effects of the wet season rice crop (both glutinous and nonglutinous). 
Better timing and less adverse residual effects on subsequent
crops opens up many more possibilities for cropping combinations and frees
the farmer frcm the tight constraints of time and labour.
Yields of the glutinous rice crop will free mor-e 

Increasing the

land for better timed nonglutinous rice or alternative rainy season cropa,but it is not yet clear
that this is a 
better strategy than attempting to build more intensive and
productive cropping systems on the existing glutinous rice crop with better
management techniques.
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) The Linear Model. 


Baoc agronomic research 
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b) The Close-knitModal. 
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Figure 8.1 A comparison of two models for multiple cropping research
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Double Versus Triple Cropping 

Much of the research of the MCP has been based on the implicit assumption that triple cropping is superior to.double cropping. But there is nohard evidance to support this. Removing or lessenin the constraintscussed above may trigger an extensive 
dis

move towards triple cropping but manyfarmers may prefer, on all or part of their land, to invest their resources
in improving the existing double cropping pattern. 
Double cropping leaves
time for off-farm economic activities which may be considerably more profitable than the production of a third crop. A very major effort in removinga number of interconnecting constraints bemay required before the riskiness of triple cropping is reduced enough to make it worthwhile. An assessment of the relative advantages and disadvantages of double and triple cropping (Question F.1) has therefore a very high priority at this stage.
 

Stability and Durabilty 

The previous question is also intimately linked with the issues of
stability and durability. 
The value of the fallow period in double cropping (Question F.3) may for example be greater than has been assumed. 

The problem of increasing soil acidity, clearly apparent on the MCP
experimental plots and becoming evident in farmers' fields in a number oflocations in the Valley, is a matter of top priority (Questions F.6 and
F.13). 
 If it continues along the present course the durability of the
whole Valley agro-ecosystem may be seriously threatened and the thrust toward highly intensive triple cropping systems could be seen, in retrospect,
as a short-lived and disastrous course of action. 
 The soil problem may
also be accompanied by problems of pest, disease and weed outbreaks, similarly caused by high input and intensive management techniques (QuestionF.8). 
 It is already thus clear that systems questions (for example E.1 and
F.1 
- F.13), far from being academic exercises,are at the heart of the
central issue of raising productivity without damaging the durability of
 
the Valley's agriculture.
 

The Context and the Future
 

The questions of context (A.l 
- 4) and future development (B.2 and
B.7) inevitably are lower in the scale of priorities. But they need to be
looked at from time to time. 
 Many developments, such as the construction
of new reserviors and irrigation schemes, changes in government policy and
the rapidly changing pattern of demography in the Valley, may well overtake
and invalidate the research findings of the MCP or at best provide opportunities for innovative discovery which may be 
ove looked.
 

ng research 3. Comparative advantage of the MCP 

The priority issues and questions discussed above are not necessarily
all appropriate or suitable for the MCP to tackle, even though they may be 
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considered of crucial importance. Some questions may be best answered by 
 scie.
other research institutions alone or in collaboration with the MCP and a the
major purpose of this report is thus.to convince other institutions of the 
 the

significance of the issues that have been raised.
 

In determining which questions should be answered by which institu- upon

tions and in what precise manner depends on the assessment of each institu- than
tion's function and purpose and on its research skills and capacity. ring 

univ(

Institutional Assessment 
 appr(
 

ideal 
By laws, as well as by tradition, the .university in Thailand is sup-
 vers"


posed to perform a triumvirate function of education, research and exten-
 fied.
sion. This is equally applied to the field of agriculture and these arethus the functions laid down for the Faculty of Agriculture at Chiang Mai
University. Being an 
tinu


academic institution it has, with Kasetsart, Khon

Kaen and Prince of Songkhla Universities and the Agricultural Institute of
 
Technology at Mae Jo, sole responsibility for higher education in agri-
culture. cial
However, the position is different for resenrch and extension, other
These two functions can be performed either by the university or by other long
government agencies or both and the choice depends on the policy and 
 mong

direction of the government. duce
 

duce 
In our view it is essential that the university should be com- inqui

mitted to research and extension. They are essential for upgrading the 
quality of university teachers well as providing the necessaryas experience Reseaand practical materials for improving educational programmes. 
 Unfortunately, in Thailand, research conducted by the university is not considered
part of the country's agricultural research system. 
The university is con-
 lined
fined to conducting research solely for instructional purposes. Any co-
 work
operation between the university and government agencies in research on
agricultural problems is thus not a result of a well formulated plan of
joint action approved by the government. Rather, it results from the volun-
 firml'.
tary personal conviction and efforts of the researchers involved. 
 in lh.


in the 
In our view the university should not be limited to carrying out assesEB.2) a
research only for educational purposes. 
 We believe that universities in and t(
Thailand are capable, at present, of conducting research on problems rele- ly colvant to the development of the country. This is partly because of the high mymeett Iquality of the scientists employed by the universitiesbut also because,as 
 role iinstitutions, they are uniquely qualified to bring together the variety of
disciplines which are required in development-orientated research. 
They ments.
provide an ideal setting in which systematic, multidisciplinary research
 

can be conducted. 
Finally, the universities are less subject to political
pressures from the government than other research institutions. This is ties
not to say that universities should engage in agricultural research which 
 the pr
has political overtones. 
But it does mean that a high quality and standard the Mi
of reearch can be assured. In particular medium and long term experiment- Much cation and extended research programmes can be undertaken without fear of the iddisruption from frequent changes in government policies and objectives. As epidemwe believe the MCP has already demonstrated, given adequate support, 
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scientists can produce high quality research of significance and service 
to
 

the development of the country.
 
:he
 

The role of the university in research, however, 
needs to be looked
 

upon as complementary and supportive to 
the national research system, rather
 

Within such a framework, the research conducted 
by uni

than competitive. 
 is occurversity scientists on an interdisciplinary and systemic basis, as 
.tu-


ring in the MCP, illustrates at lc.,st two 
comparative advantages for the
 

First, the systems orientated
 
university over other research institutions. 


approach, drawing on the whole resources of 
the university, provides an
 

ideal mechanism for identifying pertinent and 
relevant problems that
 

As we have argued it does not then 
follow that the uni

require research. 

versity has to conduct research on all the problems 

that have been identi
up-

an appropriate forum for establishing
 fied. But the university setting is 
n-

priorities, particularly of medium 

and long term research and for 
a con

**ai
. tinued monitoring and evaluation of the results. 

Secondly, the university, being an academic institution, has a speof 


role to play in developing research methodology 
which can be used by


cial 

Again the advantage stems from the necessarily
other research institutions. 
 Government research institutions
 ar long term nature or this kind of work. 


may have sufficient qualified staff but may be 
under such pressure to pro

duce short term results that they have insufficient 
time to devote to such
 

inquiries.
 

ience Research Capacity
 
ate-


If we finally now return to the key questions 
and the priorities out

con- lined previously it becomes clear in which direction the thrust 
of the MCP 

- work is required. 

Taking, for example, the water supply questions, many of 
these lie
 

firmly in the province of the specialist government agencies. Improvement
•olUn-

an issue for the RID tc solve while the
 in the RID system (Question C.2) is 


assessment and discovery of alternative water supplies 
(Questions B.1 and
 

B.2) are for the Geological Survey 
and the RID who have the necessary 

skills
 

However insofar as these auestions are intimateand technical facilities. 

ly concerned with the maintaining of water supply, quantity 

and timing, to
 
le-


meet the specific requirements of multiple cropping 
systems, the MCP has a
 

high 
role to play, collaborating with the relevant government 

agencies, thus
 
,as 


providing precise knowledge of the patterns and tolerance 
of water require-


Sof 

!Y 
 ments.
 

cal Similarly questions relating to improving rice and other crop varie

ties (Questions F.1O and many of the component questions) lie largely within
Lis 

the province of the Rice Department and the Government Testing Stations of
Lch 


,dard the Ministry of Agriculture and the Agronomy Department 
in the Faculty.
 

Much of the necessary work on pest, disease and weed control, particularly
.ent-

*of the identification of species and the elaboration of life histories and
 

As epidemiology is more appropriate for the Plant Protection 
Department of the 
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Ministry of Agriculture and Entomology and Plant Pathology Departments in BANTA,
 
the Faculty. However, wherever these questions lead towards the fund
amental issue of fitting component technology into viable cropping systems,
 
the MCP needs to assume the lead role.
 

BANTA,
 

But it is primarily in the key questions which directly address system

issues that the MCP has the outstanding comparative advantage. The Project

has ideal research facilities including experimental plots, laboratories and BEETS,
 
access to computing and library facilities plus in the team the range of
 
skills and disciplines required for the work. 
 Some of the system questions
 
are of medium term significance, others such as the soil problems and the 
 BOONDU
 
issue of double versus triple cropping require urgent attention, but all
 
raise challenges in basic science, in experimental methodology and in inter
disciplinary interaction, which the MCP is in a unique position to meet.
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GLOSSARY
 

ZICULTURAL SYSTEM:
 
A system with an agricultural output managed by man for this purpose.
 

)LOGICAL CONTROL:
 
The use of one biolugical agent to control another undesirable one,

usually by predation, parasitism or competition.
 

PRODUCT:
 
Incidental but useful output(s).
 

MICAL CONTROL:
 
The control of noxious agents such as insects, diseases and weeds by

the application of chemical biocides.
 

SED SYSTEM:
 
Asystem that does not exchange matter with the surroundings; it may,

however, exchange energy with it's surroundings.
 

MON IRRIGATOR: 
Outside the official RID structure but working closely with RID
 
officials, he operates under the direction of the Water Users Asso
ciation and supervises the distribution of water into the farmers' 
fields. He is usually a farmer and is elec-ted by members of the

Water Users Association in his area of responsibility. Since 1970 
common irrigators have been paid by their Water Leers Associations.
 

?ONENT:
 
The main elements that are related to form the system.
 

?ONENT CROP: 
Any single crop in a multiple cropping system. 

?ONENT PROPERTY: 
A property of or an action on one crop which affects the performance
of only that crop. 

;TRAINT: 
Any factor which actually constrains the farmer from doing something.

It is essentially a stress or perturbation that the farmer knows or 
expects will occur causing him to change his practices. A constraint
 
may become a stress if it is minor and the farmer decides to ignore

it and continues with his original policy, or a perturbation if the
 
farmer takes the gamble that it will not occur but it does. 

'EXT OR ENVIRONMENT: 
The external environment in which the system is operating.
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CROPPING INDEX: ECOSY: 
The number of crops grown per annum on a given piece of land x 100. 

CROPPING INTENSITY: 
The number grown theof crops on same piece of land in one year. EFFIC: 

CROPPING PATTERN: 
The yearly sequence and the agronomic practices on crops or crops and
fallow in one year. 


FALLO
 

CROPPING SEQUENCE:

Merely the sequence of crops in a cropping pattern over a 12 month
period. 


FARM I
 

CROPPING SYSTEM: 
The crops and agronomic practices in a cropping pattern together with
the interaction effects between them. FARM 

CROPPING YEAR:
 
12 month period starting at the time of land preparation of one crop.
The starting point can be chosen according to one's purpose. For our FARM S
 
purpose it is usually taken asrainy season rice crop. the time of land preparation for the 

CULTURAL CONTROL:
 
The control of any noxious agent by 
crop management manipulation in GATE Tterms of crops grown, their sequence, cultivations, fallowing, crop
residue management, etc.
 

DEPENDENCY RATIO: GROUND
 

The proportion of the population in the eleven to sixty years agegroup to the rest of the population. 

DIVERSION SYSTEM 
Any form of irrigation system using water diverted from a natural 
 HEAD GAriver or stream that has no storage facility, water availability thus Fbeing dependant on water flow in the natural water-course. 

DOUBLE CROPPING: 

HEAD RIThe growth of two crops on the same piece of land in one year. 

DUG WELL:
 
A means of tapping groundwater for either agricultural or, domestic 
 HEAD W(
purposes. It is usually dug by hand and may be as 
deep as 8 metres
and is usually at least 1 metre in diameter. It is restricted to
 
areas with a high water-table.
 

DURABILITY: 

HIGH I
The long term potential productivity of a cropping system, i.e. its
ability to continue unchanged with the same relationships, and thus
with the same potential productivity, c.f. 'stability'. 
 r
 

C 
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ECOSYSTEM:
 
A system which includes both living and non living substances inter

acting to produce an exchange of materials between the living and 

non living units.
 

EFFICIENCY:
 
A ratio of output (or performance or success) to the input(s) (or
 

costs) involved, over a specified time and in a specified context.
 

ind 
FALLOWING:
 

Resting land from deliberate cropping; not necessarily without
 

cultivation or grazing but without sowing.
 

FARM DITCHES:
 
Terminal water-ways in the irrigation system which are situated with

in the farmland. 

ith
 
FARM SIZE:
 

The area of agricultural land cultivated by the farm family. This
 

does not include the area of the homestead. c.f. 'holding-size,.
 
)p.
 
)ur FARM SYSTEM: 

The cropping systems practiced on a farm and their interacticn with 
farm resources, other farm enterprises, and available technology 
which determine their makeup. 

GATE TENDER:
 
Employed by the RID and, under the supervision of the watermaster, 
they operate the water regulating structures in the system. 

GROUNDWATER SYSTEM: 
Any form of irrigation system which uses groundwater e.g. tube-well,
 
dug-well. Water supply is thus dependant on the conditions of the
 
water-table. 

HEAD GATE: 

A gate on the intake side of the water delivery line which controls,us 
water level.
 

HEAD REGULATOR: 
A device at the head of the irrigation system for the purpose of
 
admitting water and regulating flow.
 

HEAD WORKS:
 
The various structures at the head of an irrigation system where water
 

is diverted from the water source into the system, most important are
 
the diversion weir, sand-sluice and head-regulator.
 

HIGH INPUT CROP: 
A crop requiring relatively large amounts of fertilizer, pesticide, 
labour, management or other inputs and usually of a high value, high 
return nature. 
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HOLDING SIZE: 

The area of agricultural land and homestead occupied by 

MUAN( 
a farm family.c.f. 'farm size'. 

INFORMATION FLOW:
Where one component influences another without the physical transfer 
of material. 

INPUT: 
Materials used by the system but originating from outside it. 

INTEGRATED CONTROL:
 
The integrated use 
 of biological, cultural and chemical methods of MULTIcontrolling noxious agents. 

INTERACTION: 
The relationships between the components. 


OBJEC
 

INTERCROPPING:
 
The growth of two or more crops simultaneously on the same piece of
land where the crops are planted in rows.
 

IRRIGABLE AREA: PACKA
 
The maximum area that can be planted and receive sufficient water for
crop needs based on the types of crops grown and their water require
ments.
 

KEY QUESTION: PADDY
 
Questions that ;,re focussed on a key process of the system or a
crucial area of decision making. 
Answering key questions should
ideally either increase the understanding of the system and/or PARCElenable it's performance to be improved. 

LATERAL:
 
A waterway feeding off the main 
 canal. 

LOW INPUT CROP: PERCEP
 
A crop requiring relatively little fertilizer, pesticide, labour,
management or other inputs and usually of a relatively low value, low
return nature. 


PERTUP 

MIXED CROPPING:
 
The growth of two or more crops simultaneously on the same piece of
land with no distinct row arrangement. 


PRODUC
 

MODEL:
 
A simplified representation of a system. 
It may be expressed in form,
word, diagrammatic or mathematical terms. 
 ?RODUC
 

MONOCROPPING:
 
The growth of one crop in a pure stand in one 12 month period.
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HUANG LEADER:family. 
 Or Kae Muang is approximately equivalent to the Project Engineer of
the RID systems but he is elected by the members of the system and
usually holds office for life although members do have the right to 
insfer 

vote him out of office. The Muang leader, with the help of assistants,who he usually appoints himself, is responsible for water allocation,
planning and supervising maintenance, settling disputes, keeping
records and representing the system before other systems and Government agencies. Payment may include some 
cash, payment in produce and/
or exemption from water-fees and supplying materials for system main
tenance.
 

of MULTIPLE CROPPING: 
1he growth of two or more crops on the same piece of land in one
 
year.
 

OBJECTIVE OR GOAL:
 
A desirable condition product as
or perceived by the farmer, towardswhich he is striving and which is compatible with his values. c.f.
 a of 
 'value'.
 

PACKAGE SYSTEM: 
A cropping system as extended to the farmers with specific
!r for instructions on: 
 planting dates and methods; fertilizer rates; pest
luire-
 disease and weed control measures; etc.
 

PADDY LAND: 
Land on which wet season rice is usually grown in bunded fields, where
the soil is submerged for most of the rice growing season. 

PARCEL:
 
All fields belonging to one 
 farm household that are contiguous witheach other. 
One parcel may contain one or many fields and any farm
may be made up of a number of seperate parcels.
 

PERCEPTION: 
The situation or any aspect of it as 
seen by any individual. It may
lo 


low 
or may not be correct but is used as the basis for decision-making. 

PERTURBATION: 
Large, single, adverse shock to the system that is unexpected. c.f.
'stress'.
 

of
 
PRODUCTIVITY~:

The mean annual level of yield (useful yield) of any crop or cropping 
system.
 

form, 
PRODUCTS OR PERFORMANCE:
 
f Main desired output(s).
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PROJECT' ENGINEER:

The official responsible 
 for the planning and operation of an RID SYSTEM:system and for liasing with other RID systems in the 
area and with the
RID Offices in Bangkok. Appointed by RID in Bangkok.
 

RELAY CROPPING: 

SYSTEM
The growth of two or more crops simultaneously-during part of the 
 A
life cycle of each on the same piece of land. 
A second crop is plante,
after the first crop has reached it's reproductive stage, but before 

it is ready for harvest. 
d 

,YSTEMRESILIENCE: 

A 

The ability of a system to absorb stress and perturbation without 
large drop in productivity. 

a P. 

TACTICSRESOURCES: 

T1
Elements lying within the system that are used up in it's functioning. 
 ti
 

SLUICE GATE: 

TRIPLE C
A structure to ensure a constant water level despite fluctuations in
water demand further down the system. Th

UBE WEL
 

SPILLWAY: 

A
 

A structure in a diversion weir which serves to dispose of surplus 
 Th
flow safely. 

ma
 

STABILITY: 

inin


The degree of variation in yields from year to year either above or 
 mei
below the mean yield value. C.f. 'durability'. 
 TUN AROI
 
STRATEGY: 


The overall course of action that is chosen to meet a goal or an 
Th 

objective. C.f. 'tactic'. hai 
nex 

STRESS: 
.?LAND CRtSmaller adverse effect to the system which is applied continuouslyor at fairly regular intervals over a longer time period and may be 

Any
 

expected. C.f. 'perturbation'. 
a d
 

oth
 
SUB LATERAL: 


VALUE:A branch of the lateral. 

A f.,
 

SUBSISTENCE REQUIREMENT: cloATThe total food requirement of all farm household members. 
 Here it rATERMASTIusually refers to the amount of wet season glutinous rice produced Thefor household consumption as 
opposed to production of crops for sale. 
 assc 

SUBSYSTEM: 
areaAny part of a system that contributes to the same output as the
system itself. 
Any group of components may be considered as a subsystem if it aids in the analysis.
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.ySTEM: 
the 	 A number of interacting components linked together for some common
 

purpose or function.
 

:YSTEM BOUNDARY: 
A means of deciding what is inside and what is outside the system. 
It is decided on according to purpose and can be at a number of 
different levels depending on the purpose of the study. 

YSTEM PROPERTY: 
A property of or an action on any crop or component which affects the
 
performance of any other crop or component in the system.
 

ACTICS: 
The more day to day management of affairs already set in motion by 
the choice of strategy. C.f. 'strategy'.ng. 

'RIPLE CROPPING: 
The growth of 3 crops on the same piece of land in one year.
 

'UBE WELL: 
A means of tapping deep groundwater usually for agricultural purposes.
 
These require expensive drilling equipment to install and are of 2 
major types: shallow wells 7.5 to 45 m. deep by 5-10 cm in diameter cost
ing 3,000 - 7,500 baht and deep wells up to 120 m deep by 20 cm. or 
in diameter, costing up to 200,000 Bahl and thus usually requiring govern
ment assistance to a group of farmers.
 

'URN AROUND PERIOD: 
The length of time between harvesting and completing essential post
 
harvest operations one crop and beginning land preparation for the
 
next crop in a multiple cropping system.
 

.?LAND CROP: 
Any crop that is grow under unflooded conditions. Used here to make
 
a distinction between rice which is grown under flooded condition, and
 
other crops, which are not.
 

1ALUE: 
A fairly permanent conception of what is desirable. Values are often
 
closely related to cultural tradition. C.f. 'objective'.
 

IATERMASTER:
 
The RID official responsible for a portion of the main canal and its
 
associated structures and laterals. He supervises the operation,
 
maintenance and the water allocation, between laterals in his command
 
area (up to 150,000 rai). Responsible to the Project Engineer.
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WATER USERS ASSOCIATION:
Established under the Civil Commercial Code on Irrigation to create
closer cooperation and information flow between water users and RID 
AMPI
 

officials. 
Members of the Association are the water users in that
area (up to 100,000 rai) and pay an annual fee to the Association
based on their irrigated area. BAH1
 

WATER USERS ASSOCIATION LEADER:
They are elected by members of the Association and serve
term. for a 2 Year CHAN
Their duties include the supervision of common irrigators,
water allocation, investigating and settling disputes, etc. and most
importantly they represent the water users before the RID and other
Government agencies. 
They are 
unpaid but their position has certain
perks and carries considerable status. 

CHAN
 

ZONEMAN:
 
Comes under the authority of his respective water master and is
responsible for water allocation between laterals and sub laterals inhis command area (up to 10,000 rai). 
 He also supervises system maintenance in his area.
 

DOR: 

KAE 

KAMNA. 

KAO: 

(UI SA
 

,AMYAI
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THAI LANGUAGE GLOSSARY 

AMPHUR:
 
Districts or subdivisions of the Changwats each headed by a civil
 
servant appointed by the Ministry of the Interior.
 

BAHT:
 
The Thai unit of currency. One U.S. Dollar is worth approximately
 
20 Baht at the time of going to press.
 

CHANGWAT: 
Closest translation is a Province. Thailand is divided into 74 Chang
wats which are administrative units each headed by a governor who is 
appointed by the Ministry of the Interior.
 

CHANODE: 
Full title deed to land ownership. Under this title, land can be
 
sold or disposed of in any way desired and can also be used as 
collateral for a loan and on the death of the owner can be interited
 
by his heirs.
 

DOR: 
A Northern Thai word which literally means 'precocious' and is often
 
used in the names of rice varieties to denote their short maturity
 
nature.
 

KAE MUANG: 
The Muang leader of a traditional irrigation system who is responsi
ble for organising water distribution and maintenance within that 
system. He is elected Ly members of the system and is a member of 
that system himself.
 

KAMNAN: 
The 'commune-leader' or head of the Tambon. The residents of all the 
villages in the Tambon elect one of the village headmen to be Kamnan.
 
In the North of Thailand he is usually the most influential person in 
the area. In addition to his headman duties his responsibilities 
include submitting periodic reports to the District Office, calling 
meetings of the commune councils, etc. For these duties he receives 
certain official privileges and receives a small monthly renumeration.
 

KAO:
 
The Thai word for rice which is also used synonomously to mean food.
 

KUI SALAK:
 
A ceremony where villagers 'make-merit' by taking gifts to the Temple 
where they are presented to the monks in a type of raffle system.
 
When any Temple holds this ceremony most of the villagers from the 
surrounding villages will be involved. 

LAMYAI: 
Longan, Nepholium longanum. An evergreen tree bearing an edible fruit 
harvested in July/August. 
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LOI KRATHONG: 

The annual festival of setting adrift small floats adorned with can.
dles and incense in the rivers and waterways. Normally lasting for
2 days with associated ceremonies and celebrations. 

MU:
 
Shortened form of muban or village. It is often used in this form
suffixed with a number to differentiate between different administra.

tive units within what was originally one village but which has been
split up into a number of smaller ones for-administrative purposes. 

MUANG: 
The Thai word for city or town which differentiates 
Changwat or Amphur which may go by the same name. 

it from the 

MUANG: 
Literally the main waterway in the traditional irrigation systems or
the equivalent of the main canal in the RID system. It is also used 
to describe the entire system. 

MUBAN:
 
The smallest administrative unit in Thailand at the village level.
Each Muban is headed by a village head man who is elected by members 
of that village.
 

NAI AMPHUR:
 
The District Officer, appointed by the Ministry of Interior and respon
sible to both the Changwat Governor and the Department of LocalAdministration in the Ministry of the Interior. He forms the admin-
istrative link between the people via the Kamnan under his jurisdic
tion and the Central Government. The District Officer generally has 
a staff of 20 - 50 people and may be responsible for up to 150,000citizens. 

NAKORN:
 
City. Nakorn Chiang Mai is often used to differentiate the actual
city of Chiang Mai fran Changwat Chiang Mai or Amphur Muang Chiang 
Mai. 

NGAN RUDOO NAW:
 
The annual winter fair in Chiang Mai. It lasts for 7 days and

includes side-shows, commercial stalls, agricultural competitions and 
local handicraft and cultural exhibitions. Visited by people from
 
the whole Chiang Mai area.
 

NIAW:
 
Literally meaning 'sticky' but also used in the names of rice 

varieties to denote that the variety is 
a glutinous or 'sticky'

variety.
 

NOR
 

PAI
 

PHA
 

PHU I~
 

PII F 

POI LI 

PRATH( 

RAI:
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NOR SOR 3:
 
can- A license recognising that land has been brought into agri
for 	 cultural use and giving permission to continue cultivation. After
 

a specified time under occupancy the license can be changed to a 
'Sor Kor 1'. A Nor Sor 3 can be inherited by legal heirs but cannot
 
be sold or used as collateral for a loan.
 

stra- PAI BUAT:
 
been The ordination of new monks. The candidate himself will normally
 
es. 
 enter monkhood for a period of 3 months and will thus be unavailable
 

for farm-work. The family and close friends will also be involved in
 
ceremonies and celebrations for up to a week.
 

PHA PAA:
 
The donation of gifts to the Temples. This ceremony got its name
 
('jungle clothes') from the traditional practice of hanging new
 

s or 
 monks' robes in the jungle for them to be collected by the monks at
 
used a later time.
 

PHU YAI BAN:
 
The village headman. He is elected by the villagers and will normal

i. 	 ly serve until he retires or dies but the villagers do have the power

bers 	 to vote him out of office if they feel he is not performing his 

duties. His responsibilities include represencing the village before 
Government agencies and District Officers,record-keeping, arbitrating 
in disputes and reporting illegal activities, etc. For these duties 

,espon- he receives a small monthly renumeration. 

min- PII MAI: 
dic- 'The New Year'. Two days public holiday with a number of fairs, 
has parties and general celebrations at this time. 
JO
 

POI LUANG: 
A festival held once a year by the Temple where people take gifts to 
the monks. The 	date is determined by the individual Temple and
 

3. villagers may be involved for 2 or 3 days: going to the market, pre
.1g paring food and gifts and then going to the Temple. 

PRATHOM: 
The grading of the Thai Primary education system. Children enter
 
Prathom 1, or first grade, usually at the age of 6 and may continue 

3 and up to Prathom 6 or sixth primary grade finishing usually at the age 
rom of 13 when they may enter secondary education. Thus someone with 

Prathom 4 educational level has completed grade 4 or four years of 
primary education. 

RAI:
 
The Thai unit of land measurement, 1 rai equals 0.16 Hectares.
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SONGKHRAN: 
Probably the most important festival in the Northernespecially Regionin rural areas. It is the Thai New Year festival and far..work will be minimal during this period. 

SOR KOR 1 (sitti Khrawp Khrawing):
A reserve license issued to farmers after they have held a 'Nor Sor
3' for a specified period of time. It is a legal recognition by the
Government that the occupier has cultivated the land for a number of
years and has permission to continue to
to do so. It can be passed onlegal heirs at death but cannot be forsold or used as collateral 
a loan. 

TAMBON:
 
Groups of villages which form the' smallest administrative units above
tha village. 

elected by 

Each is headed by a member of the community who isthe head-men of the villages in that Tambon, and who isalso a village headman himself.
 

THANG: 
Standard Thai measurement for paddy rice which equals 10 kg.should Thisnot be confused with Tang which is a volumetric measure forrice and varies slightly between different areas 
from approximately

12 - 15 kgs.
 

WAT:
 
The Temple and centre of religious life of the village.
villages Most
or at least groups of villages will have their own
which is maintained by donations from the community. 

Temple
 

WI SA KA BOOCHA: 
An important religious festival to celebrate the Buddha's birthday
and death. 


