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ABSTRACT
 

Cropping systems adaptation to enviroament has 
been identified as an important sthly area in 
cropping systems research. N sUbstanti:-l body of 
supply reslponse and adopt ion studio.s h,.v analyzed 
changes in cropping and agricultural systems over 
time; however, comparative analyses usir quanti
tat ive approaches are rare. Thi st udy discusses 
tWe apl ication (,f a number of multivari.ie sta
tistical vechniquis used to explore relati nships 
between crWpi o siyst ems aod the biophysical wnd 
socioeconomic env i ro nmeot . C )'nm, ,5 used multi

e
varia t techoiliiit's such as Si i.l Wt'ia ion rit, res
sion modeis a inadequate to apialj. conplex 
systems relat ionships involving interdependen ies. 
Factor anla I 'ais aod discriminant nalhlvsis can over
coIme qoiie inld'quacLies. In future studies, cdre
ful spu'cificat ion of hypotheses by interdisci
plinany teams rega rdi g system > envirotnment riL"i
tionsh ipF would he desirable. 

By T. R. INKS, E. . ar, and S. A'. Jayaimuroa, research assistant, agricultural economist, and associate 
agricultural economist, Department of Agricultural Economics, International Rice Research Institute, Los Bafios, 
Laguna, Philippines. Submitted to the IRRI iWsearch Paper Series Committee June 1982.
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COMPARATIVE ANALYSIS OF CROPPING SYSTEMS:
 
AN EXPLORATORY STUDY OF 14 RAINFED SITES IN THE PHILIPPINES
 

Farms are systems. They also are subsystems of 

wider regional 6ystems and are composed of subsys-

tems, such as cropping systems and livestock sys-

tems. Cropping and livestock also may consist of
 
subsystems. Farms differ from purely physical or 
biological systems because they are goal-oriented 
-- farmers strive to attain certain objectives 
within constraints imposed by resources, technol-
ogy, and environmental factors (Ruthenberg 1976). 

Adapting cropping systems to environment is a dy-
namic process rooted in the interaction of higher 
and lower order systems. Environment, technology, 
and farm resources all change over time, sometimes 
rapidly, and sometimes slowly. Where a state of 
relative environmental and farming system stabili-
ty has persisted over long periods, we can observe 
complex farming and cropping systems that are 
highly adapted to the environment. However, recent 
history, particularly the last century, has seen 
tremendous external pressures on farming systems 
in all countries of the world. These pressures 
have caused major changes. In the humid tropics of 

_.Asia the impacts of colonization, plantation econ-

omies, cash cropping, and monetization of econo
mies have made near self-subsistent village commu-

nities, integral parts of national and internatio-

nal economies. 


For researchers seeking to generate technology to 
develop more productive farming systems, a system-

atic analysis of these processes and an under-
standing of the principles underlying them are
 
vital. A major research objective of the Asian 

Cropping Systems Network (ACSN) has been to deve-

lop this understanding by analyzing experiences at 

many sites (Zandstra 1977). The eimensions of the 

process are substantial and complex, and research 

studies involve biophysical, socioeconomic, and 

historic-cultural factors. 


Two complementary approaches can define these 
principles and help identify the major determi-
nants of farming and cropping systems. One ap-
proach is historical -- it analyzes changes in 
farming systems caused by factors over time. The 
response of small farmers to economic stimuli and 
the ways they have changed traditional systems and 
adopted new practices, crops, and market relation
ships have been extensively documented (for an 
early literature review, see Wi- rton 1969). Quan-
titative analysis has provid, many supply re-
sponse studies of farm produc.s (see Lim 1975). 
These studies have demonstrated the economic 
rationality of small farmers -- they are shown to 
respond positively to opportunities for economic 
gains provided by new market forces and technolo-
gies. Many anthropological studies have analyzed 
and documented the complex processes involved when 
traditional systems are transformed and how trans-

formation affects social, economic, and institu
tional structures at all levels (Berry 1975,
 
,loulik 1974).
 

Such studies are limited because some envirormen
tal parameters do not change at a given site,
 
making it difficult to understand or estimate the
 
effects of factor changes and adaptations within a
 
system.
 

The second approach, which complements the first,
 
studies systems in different sites and environ
ments and identifies major determinants and para
meters of the adaptation process through compara
tive analysis. Such comparative analyses, with
 
some exceptions (Ruthenberg 1976), are rare.
 
Quantitative studies are almost nonexistent.
 

The scarcity of such studies has partially derived
 
from the lack of adequate data sources and the
 
problems of using quantitative methods when many
 
interdependent and closely related factors, some
times difficult to quantify, interact in complex
 
ways.
 

However, if major relationships can be specified 
and quantified, researchers can further study 
system : environment relationships by using mathe
matical programming and computer simulaLion ap
proaches. Tile latter enables the study of systems 
in simulated conditions by varying major environ
mental parameters in the models. 

This study is an exploratory attempt to test and
 
evaluate the feasibility of comparative analysis
 
using quantitative techniques. This paper has two
 
sections. The first outlines procedures we used to
 
develop an agroeconomic profile of a site and de
scribes major characteristics of farming and crop
ping systems. The second discusses multivariate
 

statistical techniques we applied to analyze sys
tem relationships and how different statistical
 
techniques enable researchers to analyze aspects
 
and dimensions of multifaceted and complex
 
systems.
 

Study areas
 

We chose 14 sites in 4 agroclimatic zones in the
 
Philippines. The zones were chosen using the agro
climatic classification developed by Oldeman and 
Suardi (1977) which is based on the intensity and 
duration of annual rainfall. Months with less than 
100 mm rainfall are dry months. Those with more 
than 200 mm are wet months. Sites are located in
 
Laoag, Ilocos Norte (very dry); Iba, Zambales
 
(dry); Tacloban, Leyte (very wet); and Aparri,
 
Cagayan (wet) (Fig. 1). We chose sites where sub
stantial wetland rainfed rice was grown and which
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were not served by major irrigation projects. Table "
 
I lists study sites and some of their characteristics.
 

Fifteen farmer respondents were randomly chosen from
 
each site using a list provided by the village head ,° Apoi,to,
 
or the Bureau of Agricultural Extension Office. Farm--1
 
ers were interviewed using a prepared questionnaire. 24 dr mOhS
 

---	Data on -farm-characteristics such.-as-farm -size 5',-num--
ber of parcels, cropping patterns, demographic infor- [ 4 , 

mation, and detailed input-output data for the larg-	 9 1\ e,.rjri[t rr6, 
est or most important wetland rice parcel in thc-farm 	 " 
 3.2 	 dI,,m,,
 
were 	gathered. We did not obtain detailed data for
 
all parcels and farm activities because of time and
 
other resource constraints. Data, where time specific,
 
related to the survey period. Systems adjust to envi
ronmental changes, but we found that no major changes
 
in the faming systems had occurred during tile recent
 

On 	all sites, crop enterprises dominated the farming VISws~A. 

systems. However, livestock raising was common. Farm- OTacknIt fe
 
ers usually had a work animal (carabao), some poultry,
 
and sometimes a pig. Livestock raising was a major
 
income-earning activity only in Sitio Bunga, Zambales,
 
an isolated, hilly site.
 

Farms were generally small. The ratio of produce sold
 
to totr production, often an indicator of the degree
 
of subs tence orientation, varied. Farms in [locos
 
Norte and Leyte were more commercialized. They soldC
 
more than 40% of their produce. Farmers in Zambales 0
 
and Cagayan sold less than 20%. Except in the Leyte
 
site, the farms cultivated annual crops, predominant
ly rice. In Leyte, coconuts, planted oi dryland, rep
resented a major part of farm area and production Fig. i.Locations of research sites in the Philip
value. Share tenancy was significant in most sites, pines showing the number of wet and dry months.
 
except in Zambales.
 

Table 1. General physical characteristics of the study sites.
 

t Dry Dominant Organic 	 Transportation
Site months- months- % soil p11 matter Topography acces(no.) (no.) clay range (%) 	 sibility
 

Ilocos Norte
 
Rayuray 3-4 5-6 60.7 7.6 .89 Flat 3
 
San Lorenzo 3-4 5-6 53.1 7.2-7.6 .81 Flat 2
 
Nanguyudan 3-4 5-6 30.2 6.2-7.0 .77 Gently sloping 3
 
Pasil 3-4 5-6 27.2 7.6-7.8 .67 Gently sloping 3
 

Zamba los
 
Amungan 5-6 5-6 21.9 6.4 .60 Flat 1
 
Inhobol 5-6 5-6 9.4 7.2 .40 Gently sloping 2
 
Santa Rita 5-6 5-6 37.0 6.8 .89 Flat 
 3
 
Sitio Bunga 5-6 5-6 38.4 6.2 .88 Gently sloping 4
 

Cagay	an
 
Camalaniugan 5-6 2-4 22.9 6.6-7.0 L.25 Flat 3
 
Gattaran 5-6 2-4 47.7 6.1-6.3 .93 Flat 
 1
 

Leyte
 
Dacay 3-4 <2 26.9 7.0 .99 Flat 3
.
La Paz 3-4 .:2 25.4 6.2-6.3 1.13 Flat 3 
Cabacungan 3-4 <2 33.8 6.0-6. . t. 4, Flat 3 
?.iyorga 3-4 <2 28.1 6.0-6.1 1.77 Flat 2 

- a • h 	 c 
-Months with more than 200 mm. -Months with less than 1O.0 mm. -l = rarms are situated along thle highway, 2= 
farms are situated less than 4 km from the highway or market and are accessible, 3 = farms are more than 4 km from 
tile htghway or markets and are accessible, 4 - farms are more than 4 km from the highway and markets and are not 
accessible. 
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Cropping systems 	 Farmers do not have difficulty disposing marketa
ble rice surpluses. Tobacco and garlic, high .-

Figure 2 shows dominant cropping patterns in the value, relatively nonperishable crops, can be
 

agroclimatic zones superimposed on the annual either transported to market or sold at the farm
 
rainfall pattern, gate. Perishables, such as vegetables, were not
 

grown widely by farmers in tile Study areas -- no
 

There are four major patterns: rice - fallow established marketing channels existed for rapidly
 

(single rice crop), rice - rice, rice - garlic or transporting them to distant urban centers.
 
-
.tobacco-(,high-value cash crops) ,-and .rice--.upland-,.... 


crops (legumes, vegetables, etc.) (Table 2). Off-farm and. nonfarm incomes were most important
 
at tile Zambales sites, except in remote Sitio
 

production opera-
These patterns have changed little in the recent Bunga. Wage rates for major rice 

past. In Ilocos Norte, areas planted to garlic and tionsshowed minor variation across sites, perhaps 

tobacco have changed in response to relative pro- an indication of the relatively high Labor mobili

fitability over tle last 2 decades. Double crop-	 ty observed in the Philippines. Hired labor use in 
ping in rice in the very wet Leyte is related to rice production was common at all sites, particu

tile introduction of short-maturing varieties (IR36 larly for transplanting and harvesting/threihing.
 

was commonly grown). 	 Exchange labor was significant only in Sitie
 
liunga. The unimportance of exchange labor in
 
almost all sites indicates the extent to which
 

These annual crops are major sources of cash in- farming systems have become Monetzed. Credit is 
come for farmers, except in Leyte where coconut is usually obtained from, informal sources. Arrange

tile cash crop (Table 3). Where rice - fallow is u 
s vary greatly.

dominant pattern (Zambales and Cagayan), rice ments anti Interest rat 
tile 

is the staple food crop and major cash crop. In
 

llocos Norte, small farm sizes do not permit farm- Role of supplementary irrigation
 

ers to produce a marketable rice surplus. However, 

highly resource-intensive, high-value cash crops On rainfed rice-based farms, water availability 

(garlic and tobacco) are grown using supplementary limits crop production during dry season. Tile 

pump irrigation, major sources of water are rainfall, water pumps, 
wells, and overflows from canals and creeks.-.Rain

fail distribution enables farmers to grow a single
 
Table 4 shows the rice production technology at 	 rice crop during tile year in all sites. Crops
 

the sites. Technology used reflects the influence grown after rice depend on the type of supplemen

or many-tors. For example, [locos Norte farmers tary irrigation available. In Ilocos Norte, espe

use the rakem (anil-anil type kni fe) to cut panicles cially In San Lorenzo and Rayuray, tile water table 

that are then tied into bundles. Here, the rela- is high enough that farmers can tap groundwater 

tionshlp between different systems and the re- with deep well pumps. Water pumps are expensive. 
source flows between rice and nonrice subsystems They are used in small areas for high-value crops 

are important. Straw is cut close to the ),round, with low water requirements. In Ilocos Norte, it 

hundled, and stacked for use as mulch in nonrice is typical to find rubber hoses attached to water 

crops. Revenue from nonrice crops is used to buy pumps to facilItate Irrigation of small fragmented 
fertilizer (farmers apply about 90 kg N/ha) for farms planted to garlic or tobacco during dry 

the rice crop, whiclh Is fully consumed In tLe season. 

househo Id 

In Zamhales, deep wells provide supplementary ir
rigation during dry season. A few farmers who have 

Land preparation machi nery Is most common in access to deep wells grow vegetables In limited
 
Cagayan whert, average fann sizes are comparatively areas. In Cagayan, farmers do not have access to
 

large. Threshing machines are common in Zambalos. supplementary irrigation during the dry season.
 

a
 

Table 2. percentage of crop land in rainfed rice based patterns in 4 agrocltmatic regions, 207 farmers, Philippines, l97q.
 

i~7777-Thamba 	 es 

aa ,a:.u- to-	 Santa c(.ala- Cat-Cropping patterns Decay l Pac cabacu- Mayorga 
____ 

San Nangi- Pasil Sitio inbobol A u-
nan ra, renz re',1dan Mrioa Rita ,1an nUij ln t ,ran 

86.0* 76.0* 60.4 q1.q* 68.7*Rice - 41.' 73.9h 35.9 6.0 7.0 28.0 98.1* 

Rice - munghean 8.5 1.0 1.0 1.0 I.M 10.9 16.4 37.0 8.1 20.6
 
Rice - vegetables 14.0 3.1 1.1 2.6
 
Rice - watermelon 5.7 107
 
Rice - rice 50.2* 38.5 13.8 38.6h
 
Rice - maize 5.6 16.9 7.9 10.6 19.o
 
Rice - sWeet potato 3.4
 
Rice - garlic 53.0* 5q.O* 32.0* 67.0*
 
Rice - garlic - mong 18.0 5.0 6.0 1,0
 
Rice - tobacco 22.0 27.0 18.0
 
RiLce- garlic - maize 6.0 3.0 4.0
 
Others 3.2 4.4 6.4
 

fallow 41.2 	 1.0 

1N. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0
Total 


knasterisk indicates dominant cropping pattern.
 

-);.f } L- 
--- - .... 
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Fig. 2. Farmers' cropping patterns Superimposed on the rainfal pattern in four agrocilatile 
zones, PIhilippi nes. 

Quantitative analyses
Farmers who havP Lriod to tap water found It salty 
and un fit. for crop production. Fields are left The rrst methoroilogical prohlem we faced In un
fallow during dry season. in Leyte, where monthly- dertaking a quantitative analysis was the defini
rainfall is greater than 100 mm, canals and creeks tio and quantricatlnn of major flrming systems 
provide mspllementary irrtgatton and1enab)le snme charact:er! st fse. For analytical purposes, we hy
farmers to grow two rice crops. Water from canals pothesized that some cropping systems characteris
and creeks costs little when fields are near. tics could be defined as descriptors and that bla

ph:-Ical and economic characteristics at site,

f, ii*d 	 level
plot could be determinants. Given 

Levels or credit use, sources, and InteresL rates sy': interrelationships. including interdepen
varied subsitantli ly in the study areas. ,tost ere- denes between higher and lower order systems,
dit came from Informal sources. Repayments were In such distinctions art somewhat arbitrary. Deter
produce, Lypically rough rice or pallay. General ty, mlnants are factors which, from the farmers' point 
less credit was used In crop product Io than In of view, are often taken is given. Descriptors re
other irrigated 	areas of the Philippines, fiected farm-level rosource allocation decisions.
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Table 3. Sources of cash per farm across sites, 207 farmers, Philippines, 1979. 

Crop salesR_ (US$) Total cash Off-farm Cash income 
site Av farm size 

(ha) 
-

Rice Nonrice 
income, a 

from crops-
income a 

per year-
from

livestocka Total cashfarm income
crop (US$) (us.) (US$) (US$) 

Ilocos Norte
 ...:-.... .. .... ..... Ra y u ra y- . - ,8 0 ,_ i ..... 0=_..O 5 6 .. .. _ i . . . . . 50 6 . _ / ,. _. 1 6 . . --- --- -,- -5 5 2-,.2 ..... 

San Lorenzo 1.17 0 626 626 .67' .66 759 
Nanguyudan .65 0 37 37 98 65 200 
Pasil .47 0 144 144 29 83 256 

Zambales 
Amungan 1.87 267 70 337 551 89 977 
Inhobol 1.73 64 96 160 457 163 780 
Santa Rita 1.45 37 0 37 256 8 301 
Sitio Bunga .65 0 3 3 96 6 105 

Cagayan 
Camalaniugan 3.28 1'13 4 137 203 20 360 
Gattaran 1.94 74 4 78 1.01 84 263 

Levte 
Dacay 1.80 111 529 6140 41 31 712 
La Paz .95 54 408 462 98 0 560 
Cabacungan 1.34 0 599 599 80 0 679 
Mayorga 1.82 103 80 183 198 0 381 

-ArS$I = P7.35. 

Table 4. Rice technology across sites, 207 farmers, Philippines, 1979. 

Method Method of Method Method Fertil- Farmers using
Site of land of of izer irput traditional 

planting preparation harvesting threshing use varieties (%) 

llncos Norte
 
San Lorenzo Transplant Man/animal Rakema Manual ligh 80 
Rayuray Transplant Man/animal Rakem Manual High 27 
Nanguyudan Transplant Man/animal Rakem Manual lHigh 75 
Pasil . Transplant Man/ nnimal Rakem Manual. High 50 

Zambales
 
Amungan Transplant Man/anima I Sick Ie Machine Low 1.8 
Inhobol Transplant Man/animal. Sickle Machine Low 38 
Santa Rita Transplant an/animal 'Sickle Machine Low 25 
Sitio Bunga Transplant Man/anima L Sickle Machine Low 67 

Cagayan
 
Gattaran Transplant ,Man/animal/tractor Sickle Manual Zero 100 
Cama lan iugan Transplant Tractor Sickle Manuia 1. Zero 100 

Leyte 
Dacay Transp Iant Mn/animal. Sickle Manual Low 13 
La Paz Transplant Man/animal Sickle Manua l Low 7 
Cahacungan Transp lant Man/animal Sickle Manual L.ow 13 
Mayorga Transplant Mran/animal Sickle Mane.,l Low 0 

-Rakem = an ani-ani type knife. 

We defined several descriptors because no single 1. Land use descriptors 
descriptor or measre could convey the many dimen
sions of a cropping system. The descriptors, as we a. Multiple cropping Index (MCI) was the sum of 
used them, were not substlitutes. Each represented areas planted to different crops harvested 
a Particular facet or attribute of the system. • during the year, divided by total cultivated 
It is hoped that the selected descriptors adequate- area and multiplied by 100. 
ly represented major system attributes. We classi
fied descriptors as land use, labor use, capital b. Cropping intensity index (CII) was defined 
use, and output descriptors. . as 
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Nc 

E ait_ 


=I 
 A0T 
AnT : .However, 


where: 

a = total number of crops grown by a farmer during 
the time period T, 

t = duration of ith crop (weeks that crop i oc-
cupies area ai, 

T = time period under study (52 weeks)
 

farm operator's total cultivated lao" area 

np trea
tire


available for use during the entire time 

period T. 


c. Another land use descriptor was area planted 

to rice and vegetables, as a proportion of 
the crop area. The vegetable category in-
cluded eggplant, tomato, and garlic. 

2. Labor use descriptors 


a. Percent of hired labor use was the percent
 
of man-days of hired labor in total labor 

used for rice production. 


b. Labor use per hectare for rice and nonrice 

crops was measured in man-days. 


3. Capital use descriptors 

a. Cost ot material inputs for rice, and 


b. Cost of material inputs for nonrice crops.
 
Material inputs include seeds, fertilizer,
 

* and chemicals. 

4. Output descriptors 


The output descriptors used were values of rice 
and nonrice produced and sold per hectare. 

... They were classi fied as plot-level, farm-level,
and v c.site.. level as.le .- 5 
presents th.e via.-leve dtir an. Talue 
arses 
 "tese 

ary 


Mutiple .. tMultiple regressnregression e . ttecnques wore used in th~e 
first Stage of tle quantitative analyses. Addi-
tive linear single equation models were spec-

and* Wee assumeda]ssumed( tIhat.the hypotlhesized d-,* flefied and .. ta tile hypothesied dL!-.. 

terminants could he treated as independent 2, 
exogenous variables to explain variations in the 

2 

2/Multicollinen'rity introduced by highly correlated 

independent variables was not a major problem in
 
this particuaLr data set; except in a few cases, 

the degree of intercorrelation between tle deter-

minants was not high. But Simultaneous equation 

bias as a result Of determinants and descriptors 

mutually infIlencing each other was a possijile * 


source of biases in the regression results. 

descriptors. That is, we assumed that deter

minants are not affectedby the descriptors. Of
 

course, as previouisly mentioned, this is'unlikeiy

it was possible that some descriptor in 

fluence on the determinants was. small enough to b 
ignored, i.e. the det'erminants could be considere 
exogenously determined or given. 

! . . 
We 'hypotheslzed that the relationships between 
determinants and descriptors would vary with 

. each descriptor and set of determinants. Para
. meters were estimated using the ordinary least 

iuares method.
 

Twenty determinants were selected as independent
 
variables and regressed on the descriptors. Deter
minants W@ith statistically significant coeffi
cients were identified. The hypothesized determi

nants were ranked according to the number of re
gressions in which coefficients were statistically
 
significant from zero at 90% or higher probabili
ty. Nine of the highest ranked independent varia
bles were again regressed on some of the descrip
tors, but, the resulting regression equations did
 
not improve the explanatory power (for detailed
 
results, see Paris 1981).
 

Results showed that some determinants were signif
icantly related In most regressions, indicating
 
that they were consistently related to the de
scriptors (Table 6). However, many of the esti
mated regression models showed poor explanatory
 
power and relationships obtained were often unten
able. Regression models with selected determinant
 
subsets were also estimated, and rarely provided
 
an improvement over the original models.
 

Multiple and cropping intensity indices
 

Two of the most widely used cropping systems de
scriptors are the multiple cropping idex and the
 
cropping intensity Index; both relate to land
 
use.
 
. .. . ". .
 
Although the regression equations are statistical
ly significant, they do not explain much of the
 
variation in these indices. Access to supplementa-


Irrigation is highly significant in both cases.
 
Duration of rainfall is not significant,With .i codtin th.s.y.however.resthrng of in 

Wthnfarie ralge oyconditions in e stu y areas,
 
tile farmer's ability to grow more tan one crop
 
and/or tie length .of time land could be used de
pended on whether or not supplementary irrigation
 
was available to extend the growing period. Crop
ping intensity is also higher in farms with heavy

soils, probably because heavy soils retain more
 
water. 

Although It is not stat'stically significant, farm
 
size has a positive coefficient. Family size and
 
man-land ratio also are positive, which Is signif

* Icant In tle cropping Intensity index. The price 
of rice and of nitrogen art! significanit and post
tive, but implications are not clear (Table 7). 

:. . ,': :. ]: 4':-:"
),/ > ,:,,::;,: 3 ,,: . ,i 3 - - : 'i ..": .- ,.".: -?.-! -e::- ;,? ; :: -/"i ; "! 34 -' -- 3: 
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Table 5. Means of hypothesized determinants in 4 agroclimatic zones, 207 farmers.
 

-
Hypothesized determinants	 Ilocos Norte Cagayan Zambales Leyte
 

Plot level - physical 
(topography) (0 = flat; = rolling) 0.49 0 0.50 0. 

%clay 43.09 35.30 26.80 28.55 , 
_%organic carbon 0...7 - 9-09----;5, 9 1.0-
Months of rainfall >100 mm 5.00 .800 6.00 12.00 
Access to supplementary irrigation 0.65 0 0 0.35 

(0 = no, 1 = yes) 

Farm level - economic
 
Farm size (ha) 0.86 2.68 1.50 1.61
 
Parcels (no.) 4.70 2.07 1.72 1.57
 
Family size 5.12 5.10 5.42 5.28
 
Livestock income (US$/year) 77.31 56.61 68.92 
Off-farm income (US$/year) 78.11 152.20 270.94 101.43
 
Credit CUSS/year) 58.73 95.24 .77.46 78.57
 
Farm capital (US$) 1106.52 495.49 509.99 452.47
 
Farmers' age 48.54 48.20 53.58 48.00.
 
Farming experience (years) 27.28 27.17 28.67 25.63
 
Farmers' years of schooling 5.35 4.97 5.23 5.55
 

Village level - economic
 
Man-land ratio 7.98 2.42 5.15 4.72
 
Wage rate for transpLanting(US$/day) 0.90 1.36 0.98 1.78
 
Price of rice (USS/cavan) 7.14 6.39 5.71 6.12
 
Price of N (US$/kg) 0.54 0.52 0.50 0.56
 
Transportation accessibiliry 2.49 2.00 2.50 2.75
 

(0 = easy, 4 = difficult) 

S US$1 = P7.35, I cavan = 50 	kg.
 

Table 6. Importance ranking of determinants of crop- Percentage of area planted to rice and other crops
 
ping systems based on the number of rplationsiips out
 
of 14 regression equationsin which their coefficients The percentage u: area planted to rice indicates
 
are statistical.ly significant, the degree to which the farm operates a monocrop
 

Number of system. It relates positively to farm size and 
equations Rank negatively to off-farm income, livestock income, 

Hypothesized determinants 	 in which co- of education, and price of rice (Table 7).
 
efficient is importance
 
significant Results obtained by Jodha (1976) in a study of six
 

semiarid villages In India showed farm size and
 
Price of rice 1O 1 extent of grain crop cultivation did not have a
 

Access to supplenntary 9 2 consistent relationship, lie attributed this to
 
irrigation subsistence and risk considerations. Our results
 

Farm size 7 3 may arise from farmers' subsistence and cash in
% clay 6 4 come needs. Although larger farmers have a market-

Value of farm capital and 6 4 able rice surplus to generate cash income for es

equipment sontial requirements, smaller farmers may need to 
Farmer's years of schooling 5 5 cultivate more resource-intensive, high-value crops. 
Price of N 5 5 When noncrop income sources are important, the 
No. of parcels 4 6 percentage of area planted to rice falls. 
Wage rate for transplanting 4 6
 
Months of rainfall >100 mm 4 6 The apparent effects of high nitrogen prices on
 
Family size 3 7 percentage of area planted to vegetables suggest
 
% organic carbon 2 8 that when faced with high material input costs,
 
Topography 2 8 farmers shift to more labor-intensive and higher
Transportat:ion 8 value crops.
 
Man-land ratio 2 8
 
Livestock income 2 8 Larger farmers operate less diversified cropping
 
Off-farm income 2 8 systems. The percentage of area planted to rice is
 
Credit 2 8 significantly positively related to farm size but
 
Farmer's age O the reverse Is true with vegetables. Variations in
 
Farming experience 0 9 	 percentage of area planted to grain legumes are
 

poorly explained by the regresston model.
 

http:statistical.ly
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Table 7. Regression models: 

Dterminants 

Plot level-ph-,s'i.al 

Topography 

7 clay 

Sorgan ic carbon 

Months of r1ijifall 
Access to supplementary 

Farm level - VCtIolli Cs 

Frm ;ize 
Nto. of parcels 

Family size 
Li V'S Lock i lcom 
)f f- fIal IllIcOMl-

Credi t- h 
Farm capitolV 
Farmers' age 
FarmingI e:xptrielce 
LducAt ion 

Vi 11 age 1eve I - economics 
Nan-laud ratio 

Wage rate 

Price of rice 

Price of N 

Transportat ion 

(o -'I).t, 

land use descriptors. 
a 

MC I 
b 

C11planted 
7 area 

to rice 

Z area 
planted to 
vegetables 

Z grain 
planted to

legumes 

6.52 42.00 2.01 3.75 -3.73 
0.70 2.80** -0.13 0.11 -0.09 

-22.66 - 6.10 4.64 5.80 -3.95 
0.68 - 6.0 1.64 -1.3(l*** -0.83 

irrigation 60.45*** 150.0*** 0.65 8.47*** 0.45 

6.32 
-1.59 

-1.-1 
--0. 19 
1.2 

-1.2 
-0.06 
0.14 

-0. 17 
1.43 

0.71 
0.51 
2.21* 

16.57** 
-5.70 

-44.2 
.31 

indicatevs that thlie coefficient is significant lv 
I i ca1t ( difference at 957 level, and *** indicates 

by 103. 

We observed that montlis of rainfal l relate 110g-
atively to percentage of area planted to vege-
tables (inc ludi n, garlic). This may have resul ted 
from tht, complex interactions of rainfall, topo
g raphy, soils, andcross to supplementary irriga-
tion which cnnot b,' adequately captured in a lin-
,ar reliat i,)nship. The data showed vegetables are 

grown in drv are;i; that have supplementary irriga-
I io)n (0.g. garic In lieCOs Norte). 

Rice pr ice re0latt's negat ivti ly to percentage Of 
area il.lotcd to rice and positively to percentage 
of are a p lrlntd to vep,,'tailes. This is contrary to 
,xlpectations th.it higher rice prices calse more 
area to h,, p1ila t,,d to rice. Although tills is pro-
bably true at ;I site ever time, it need not be so 
across site s it t given time. The observed rela-
t i onshi i P roba l I ref Icc t:; tLhe fic t that rice 
prices, asi illf Iu,'e'd by local ';llpply lovels, ;Ire 
higher in rict-dtf icit aras. If this is true, tihte 
postulatcId rel ationship between tih determinant 
ard descriplor dle's not hold. In tils sithatlon, 
thl drh'sripier probaIbly dtiterrlin, s tihe' level of 
tile tt'rrinant. 

Labor -u d,'s-cr i pt_ rs 

Labor list'dosecriptors used in tite final regression 
analysis were man-days per hectare in rice produc-

4(.0 3.1,)* -1.30* .98 
-5 .7 -1.30 1 .14"* -0.70 

l 0* + . -0.32 -0.5(* -0.30 
-00.004 -2.9* -1.10 2.40 
00.004 - 1.2 ":' 0.20 -0.25 

-00.009 -0.23 -0.53 -1 .30*** 
00.0(4* -0.27 -0. 30** 0 .36** 
00.29 0.03 -0.06 -0.06 

-00.54 -0.20 0.08 0.06 
00.80 -1 .12** -0.15 -0.56** 

6.0* (0.33 0.1q -0.01 
1.2 -0.70** 0.04 -0.25 
6. 0* -2.59*** 1 .22*** -0.18 

38.0* -4.77 3.56** -0.58 
-23.0 0.22 -(.89 -3. 29*** 

-86.9 221 .9 -32.04 31.40 
.36 .40 .62 .27 

different from zero at tie 907 level of probability, ** in
difference at 997 leve l. -e fficient has been multiplied 

t ion, man-days per hectare iln nonrice production, 
and hired labor as a percentage of total labor 
used in rice production (Table 8). 

Where supplementary irrigation is available to in
crease potential crop returns farmers use more 
labor. The speci fled function explained li.. tie of 
the variation in rice labor use. Labor uso in rice 
is higher when rice price is higher, but higher 
rice price also raises labor use in nonrice crops. 
The prices of tie nonrice crops were not included 
in the analysis, therefore, it is not possible to 
draw firm inferences from this. low er, we ss
pect that this is because farmers operated more 
labor-irttensive and diversified cropping systtnns 
in rice-deficit areas where rice prices were high
er. 

U'sing a sulbset of tihe determinants we reostimated 
the model for labor use in rice. Results are in 
'['able 9. Althtough the R2 it, slightly lower than 
in the previous model, more of tue variables are 
significant. Here, the Inverse relationship be
tween labor use intensity and farm size is statis
tically significant. Also, labor use intensity is 
higher on more fragmented farms. 

As expected, larger farms encourage greater use 
of hired labor, although this its modified by 
meciani7ation of land preparation and/or threshing 

http:level-ph-,s'i.al
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Table 8. Regression models: labor use descriptors.-a
 

Z of 	 Rice Labor onDeterminants 

total labor nonrice crop
 

hired labor (man-days/ha) (man-days/ha)
 

Plot 	 level - physical 
Tope 	raphy 18.22*** 33.64* 10.20
 
% cl.y 	 - 0.56*** - 1.07** 0.89 
% organic carbon 30.84*** 57.17** 13.13 
Months of rainfall - 0.96 1.00 - 3.64 
Access to supplementary irrigation 5.29 50.81*** 36.79** 

Farm 	 level - economics 
Farm size 4.41** - 6.92 -11.29* 
No. of parcels - 2.84** 12.02*** 6.84* 
Family size - 1.38 0.05 1.78 
Livestock inco 1.30 - 7.50 12.00 
Off-farm income- 0.54 - 1.20 0.37 
Credit- 1.70 - 0.23 11.0**
Farm 	 capital b 1.70 0.20 0.39 

Farmers' age 0.13 0.59 0.20
 
Farming experience (years) 0.06 0.03 0.07
 
Education 0.72 3.80** - 2.39
 

Village level - economics 
Man-land ratio -0.16 2.11 - 4.23** 
Wage rate 1.46 - 1.25 0.71 
Price of rice 0.27 - 3.51** 7.42*** 
Price of N -5.57 -13.36 13.90 
Transpor tat ion -1.60 -11.79 3.30 

Cogtstant 47.60 204.90 -378.q0
 
R 0.55 0.17 0.34
 

a* indicates that the coefficient is significantly different from zero at te 90% level of probability, **
 

indicates difference at 95% level, *** indicates difference at 99% level. Coefficient has been multiplied
 
by 103.
 

operations. Results also show fragmented farms 
used less hired labor, probably because there are lable 9. Labor use in rice - regression models with 
greater chances to stagger farm operations. subset of determinants.

Man-days/ba 
Hypothesized determinants -f systems rice

Wage rate is 	 positively related to hired labor 
because of the Interact ion hetwee 

use. probably 

farm level labor demand and regional wage rates. Plot level - physical
 
Higher labor demand caused by farm-level factors % clay -8.77**
 
may increase regional wage rates. The real deter- Access to supplementary irrigation 41.44***
 
mlnant-descriptor relationship is more coXplex Months of rainfall >100 mm 3.31
 
than hypothesized in the regression model.
 

Farm - level economi c 
Th effects of plot- level physical variables on Farm size -11.81" 
hired labor use are difficult to interpret and, in No. of parcels 11.41*** 
practice, are complex. No appealing interpreta- Value of workstock and equipment -. 0002 
tions of the results can be made. Years in school completed by operator 2.83* 

Village level - economic 
l'ruie of rice 2.83* 

Material input use Wage rate -1.54 

The specified regression model explains less than Constant 	 175.76 
30% of the variation in material input use in IR- 2 0.16 
rice. It is significantly positively related to F 5.33 
farm size and irrigation and livestock incone and 

-wage 	 rate. It relates negatively to rice price and *indicates that coefficient is significantly differ
rainfal l duration. The model suggests fewer mater- eni from zero at the 90% level of probability, ** in
lal Inputs are used in clay soils. Intuitively dicates difference at 95% level, *** indicates differ
reasonable interpretations cannot be made for many ence at 99% level. 
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of the significant coefficients. Indeed, the ob-
servation that rice price negatively influences 
material input use is contrary to general economic 

theory but perhaps reflects the influence of an 

uns pecifiedmarketing or transport parameter --
high rice prices occur in rice-deficit areas with
 
poor access to markets, and under such conditions 


::inputs .are likelyto be,moreo stly,andherefore ". 


less used. . . .. .. 

The model explains a larger proportion of observed 
variability in nonrice input material use. Never-
theless, similar problems can *be observed. Some 
results (negative coefficient of rainfall duration 
and positive coefficient of access to supplementa-
ry irrigation) are compatible with observations. 
Farmers in dry areas (Ilocos Norte and Zambales) 
who have access to supplementary irrigation spend 
substantial amounts for nonrice crop material in-
put.A. The model suggests, in contrast to the rice 
analysis, that more material inputs are applied 
for clay soils (Table 10). 


Table 10. Regression models: material input use des-
criptors.- .significant 

Cost of Cost of 
Dmaterial inputsoD rice material inputson other crops 

(US$/ha) (US$/ha) 

Plot level - physical 

Topography -19.22 16.38
 
% clay - 2.60** 5.10***
 
% organic carbon -34.41 10.07
 
Months of rainfal] -23.71*** -33.01*** 

Access to supplemen- 79.59*** 152.58***
 

tary irrigation 


Farm level - economic 

Farm size 30.46*** -18.08 

No. of parcels - 4.90 3.79 

Family size 7.49 11.08* 

Livestock incoie- 0.03 - 0.70 
Off-farm income- - 1.00 - 7.80** 
Credit- - 1.10 5.80 
Farm capital- - 1.10 4.'70* 
Farmers' age 1.28 1.30 

Farming experience - 0.09 0.82

(years) 


Education 3.28 3.65 

V.illage l.evel - economic 


M ran-land ratio - 2.07 -9.78 

Wage rate 5.05** 6.05** 

Price of rice - 8.09** 18.57*** 
Price of N - 8.92 -23.74 
Transportation 4.51 - •1.75
Ta1sent 


Constant 719.30 -594.40 

Adjusted R 2 0.26 0.61 


- indicates that coefficient is significantly differ-
ent from zero at the 90% leve] of probability, ** in-
dicates difference a 95% level, *** indicates differ-
ence at 99% level.. -Coefficient has been multiplied 
by l03.0 .1. 


* 

Output descriptors
 

The models poorly explain variations in rice
 
yields, value of rice produced, and value of rice
 
sold; R values were low (Table 11). 

-
The-models explain substantially more of the vari
 
ationsin nonrice output descriptors; Rs values,
 

were higher. 

Farm size has a negative coefficient which proba
bly reflects the diminished importance of nonrice 
crops on larger farms. The positive coefficient of
 
supplementary irrigation was anticipated. As de
scribed previously in Ilocos Norte, farmers who
 
grow high-value crops often own water pumps, etc.
 
This regression model confirms earlier indications
 
that smaller farms grow more nonrice crops. The
 
relationships of value of nonrice crops with wage
 
rate and rice price are similar to those with per
centage of nonrice areas and probably are caused
 
by the same factors. Relationships for value of
 
nonrice crops sold are broadly similar.
 

An examination of regression results shows they
 
were generally unsatisfactory. We reestimated mo
dels using the determinants that were most often
 

in these regressions. The results ob-

Stamned were not much better. More clearly defined
 
hypotheses about the relationships would certainly
 
be helpful in future studies. They should be developed in close interaction with biological scien

tists. However, given system interdependencies and 
interactions some of the estimational problems are
 
likely to persist.
 

Application of factor analysis
 

In contrast to regression analysis, which is a study
 

of dependence, factor analysis is a study of mutual
 
interdependence because all variables are dependent
 
and independent in turn (Kendall 1950). The tech
nique is described in many publications (see ilarman
 
1960 for a comprehensive exposition) and is widely
 
used in quantitative analysis of social phenomena.
 

Factor analysis techniques show underlying relation
ship patterns that exist among a large number of
 
variables and allow data to be rearranged or reduced
 
to a number of clusters known as factors. Sometimes
 

these factors do not lend themselves to straightfor
ward interpretations. In factor analysis, the coef

ficients that relate observed variables to common
 
factors are determined. These coefficients, called
factor loadings, play the same role in factor analy
sis as do regression coefficients in correlation 
analysis. Since the squared factor loadings repre

the relative contribution of each factor to the
 

to.al standardized variance of a variable, the sum
 
of squared factor loadings for each variable (known
 
as the communality) shows the extent to which com

men factors account for total unit variance of the
 
variable. Therefore, the role of communality in
 
factor analysis is analogous to the role of the
 
coefficient of multiple determination, R2 , in
 
regression analysis.
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Table 	11. Regression models: output dcscriptors.-


Value of Value of . Value of Value of Rice 
.nonrice
Determinants 


4____ 	 .iootgralevelphy sical 
Topography 

*% clay 
% organic carbon 

*Months of rainfall.. 

Access to supplementary irrigation 


Farm 	- level economic
 
Farm size 


* 	 No. of parcels 

Family size b 

Livestock bincom-
Offvfaom income-


Credit-

Farm capital-

Farmers' age 


Farming experience (years) 

Education 


Village - level economic
 
Man-land ratio 


Wage rate 

Price of rice 

Price of N 

Transportation 


Constant 

2
Adjusted 	R

nonrice 
produced sold 
(US$/ha) (US$/ha) 

-491.86 288.64 
19.49 45.70** 
632.18 260.20 


-246.65 - 87.47*** 
2433.17*** 1729.31 


-680.30** -349.44* 

163.32 -113.58 


-115.18 - 8.49 
- 0.21 0.03
0.041 0.04 


- 0.13 - 0.09 

0.19*** 0.16*** 


14.04 - 3.00 


- 20.87 - 14.86 

16.89 - 20.52 


13.61 - 35.52 

45.58 15.12 


450.65*** 381.62*** 

-1312.05** -922.23** 


204.82 148.21 


11354.11 -13058.31 

0.50 0.57 


a, indicates that the coefficient is significantly different from zero 

rice rice yield . 

produced L.d per 
(USS/ha) (US$/ha) hectare 

-209.78 31.40 - 6.37 
- 2.69 2.50 -00.06 
-395.38 -342.21 -10.12
 
- 5.81 27.99 -00.02 
684.78** - 53.73 -13.67*
 

55.23 51.76 1.05
 
42.30 -18.74 0.84
 
15.45 7.09 -0.21


-04.31 15.70 -0.12
15.1 -11.00 0.39
 

-95.0 34.70 -1.95
 
13.5 	 -10.80 0.30
 
7.47" - 3.27 0.12
 

-10.95 	 3.22 -0.20
 
72.48** 34.58** 1.45**
 

30.12 - 7.54 0.55
 
8.18 1.15 0.19
 

18.16 - 7.21 -0.60
 
17.46 86.37 1.03
 
67.65 -150.15* 1.80
 

820.02 576.28 63.30
 
0.06 0.01 0.01 

atbthe 90% level of probability, ** in
dicates differenc2 at 95% level, *** indicates difference at 99% levej . -Coefficient has been multiplied by

i103. 

We applied factor analysis to our study in two 
Ways. In one, we used factor analysis to develop 
three factors each from selected hypothesized 
descriptors and determinants (Table 12). Then we 
ran three regression models relating the set of 
three determinant factors to each descriptor 
factor. 


For the descriptors, factor one represents nonrice 


4: 	 descriptors such as percentage of area planted to 
vegetables, man-days per hectare for nonrice 

crops, cash per hectare for nonrice, nonrice pro-
duced per hectare, and nonrice sold per hectare. 
Factor two Includes land use descriptors such as 
multiple cropping intensity Index, cropping inten-

* 	 sity index, percentage of area planted to rice, 
and percentage of area planted to legumes. Factor 
three includes labor use descriptors such as per-

, 	 centage of hired labor and man-days per hectare 

for rice, and nitrogen used per hectare.
 

For thle 	 determinants, factor one consists of phy
sical 	and economic variables such as topogranhy, 

percentage of organic carbon, rainfall duration, 
farm size, and wage rates. Factor two represents 
physical variables such as prrentage of clay, ac-
cess to supplementary irrigation, and number of 
parcels. It also includes farm capital. Factor 
three represents social variables such as farming 
experience, farmer's age, and man-land ratio, 

The regression results relating the factors ex
tracted from the 3 determinants (D variables). to
 
each of the factors estimated from the descriptors 
(F variables) are:. 

F, = -. 0006 - .196Di*** + .817D2*** + .0087D3 , 

R2 .59 

F9 
= 
F -.0002 + .017D, + .488D2*** + .028D3, 

K2 = .18 

F3 -. 001- .397D1*** + .383D 2*** + .020D3 , 
K2 .28 

*** indicates that coefficient is significantly 
different from zero at the 99% level of probabi-

In both cases, the factors are hybrids of physical 
and economic variables and are not easily inter
preted. Regression results show that a substantial 

- proportion of the variations in the nonrice compo
. nent of the cropping systems are explained bv the 

first and second determinant factors (R2 = .59). 
However, the explanatory power of the other two 
models is poor.
 

http:13058.31
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Table 12. Varimax rotated factor matrix of hypothe-	 ratio. Factor three represents sociodemographic

sized determinants and descriptors of cropping sys- variables such as farmer's age and farming experi
tems. a 
 nce, two highly correlated variables, and man

land rtio.Hypothesized Factor loadingsa :: (h 2 

determinants DI D2 D3 (R ) 

Table 13. Varimax rotated factor matrix for cropping
i T-.843 __-.182 -0 _ ith-eeven-hypothesize-dde 

%' organic carbon .762 -.151 -.200 .644 terminants of cropping systems.
Rainfall duration .772 -.383 -. 103 .753 . .... ..R ......Farm 	size, [ .405 083' .300 'F 3
.': .359 :1 	 F 


Wage rates .754 .091 .112 .589 	 Fl F2 F3 (R2)

lay .135 .726 -.183 .726 	 . . . . 519
 

Access to supplemen- .080 .713 -.lq3 .713 	 Z .714 .018 -.089 .519 

tary irrigation % clay [ .068 -.156- .489
 

Farm capital -.107 .617 .155 .617 Access to 9upplementary.744 .043 -.170 .584
 
No. of parcelp -.244 .721 .090 .721 irrigation j-

Farming experience -.084 .045 .815 .815 No. of parcels .696 -. 222 .150 .554 
Farmers' age -.117 -.054 .826 .826 Farm capital .60 .069 .183 .401 
Man-land ratio -.416 .066 .462 Topography . -.149 -.35 .131 .736 

Rainfall duration -.354 .682 -.212 .635 
Descriptors Factor loadingsb hi2 Farm size -. 055 .520 .221 .323

FI F2 F_3 (R2 ) Wage rates .058 .798 -.048 .642 
Man-land ratio .088 -396 .481 area planted to .831 .112 .267 .774 Farming experience .023 .020 F86 741
ii vegetable " 	 operator's age -.070 -.002 1.61.756 ' 
Man-days/ha nonrice .676 .280 .015 .536 Opeatr'sag
 

Cash/ha nonrice .832 .321 .049 .797
 
Nonrice produced/la .878 .071 .161 .785
 

a' 	 Nonrice sold/ha 1 .892 .139 .080 .821
 
MCI .287 .861] .056 .826
 
CH .888 27 -.016 .680 About 52% of cropping intensity variations are as

rea planted to rice .275 625 -.116 .480 sociated with the 3 common factors extracted from 
Z area planted to -.072 1. -.001 .508 the 11 hypothesized determinants. The first factor 
legumes . contributes almost all the explanatory power of 

% hired labor -.255 .211 -.4J50 .312 the model. 
Man-days/ha rice -.079 .142 855 .757 
Nitrogen/ha .216 .131 L.816 .729 

- Discriminant analysis
 
-In subsequent analysis D, D2, and D3 refer to the
 
boxed determinants. In subsequent analysis F1, F-, Cropping systems can also be described in qualita
and F3refer to te boxed descriptors. tive fashion and can sometimes provide information
 

about the systems which is not conveyed by quanti
tative descriptors. However, many of tile commonly
 
used statistical tools are of limited analytical


The approach used by Adelman and Morris (1967) to are used.
value when qualitative descriptors Dis
a 	 study factors associated with economic development criminant function analysis is a multivariate sta

is helpful in focusing on how the determinants tistical technique that can be used in such cases.
 
affect selected descriptors. This approach is It is discussed in many publications (Morrison
 
better than tile single equation regression model 19b9) and has often been used in studies of new
 
because problems of multicollinearity among deter- technology adoption oconomists (Flinn al
et 

minants appearing as explanatory variables are 1980).
 
greatly reduced. Because of time limitations we
 
used this approach in only lIapplication to study
 
how the cropping intensity index related to 11 Discriminant funct vsis enables a research
hypothesized determinants (Table 13). Cropping er to identify the sL of attributes that most
 
intensity index and the 11 hypothesized determi- successfully discrim! 'tween members of dis
nants are arranged in 3'factor dimensions. Factor tinct groups when data imber of members' at
loading entries show tile net correlation between tributes are available. thematical objective
 
each factor and the observed variables. 	 of this technique is to . and linearly combine
 

the hypothesized disc riminating variables so
 
groups become statistically distinct. The result-


The 	first factor includes two plot-level physical Ing discrlminant functions help identify the rela
variables: percentage of cloy and access to sup- tive contribution, of each variable. The model as
plementary irrigation, an,;two farm-level economic .sumes that variables have multivariate normal dis
variables: number of pi/.cels and farm capital. tributiuns, therefore using dummy variables poses
Factor two consists of physical variables: topo- problems. Fortunately, the technique is robust to 
graphy and duration of rainfall, and socioeconomic • departures from this assumption (Morrison 1969)
 
variables: farm size, wage rates, aind man-land and the use of dummy variables is common.
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In our study, we distinguished four major types of Table 14. Standardized canonical discriminant func
cropping systems: tion coefficients for different cropping systems, 207 

farmers, .14 Philippines sites. 
I. Rict: - fallow. One rainfed rice crop is grown Func- Func- Fur

each year. After it is harvested fields are Variable tion- tion Fun- F-ratio 
idle and are commonly used for pasture. 

2. Rice - rice. One rainfed rice crop is grown du- Topography -.088 -.337 .324 2.69

2ricg wet season followed by another gron d-ry % clay -.332 -.170 .415 32.12
 
season. % organic carbon .253 -.064 1.021 17.57
 

Rainfall duration -.061 .061 -.093 26.51
 
- Access-to'canals- ;550 ~-.-883 -. 6 3.1 

... 3. Rice garlic or rice - tobacco. One rainfed 
rice crop is grown during wet season followed Access to pumps -.614 -.616 -.039 121.50 

by high-value crops such as garlic or tobacco Man-land ratio -.139 -.093 -026 4.90 

during dry season. 

4. Rice - other crops. One rainfed rice crop is SUMMARY AND CONCLUSIONS
 
grown during wet season followed by other
 
crops, mostly upland crops. The study analyzed cropping systems adaptation to
 

the environment through a cross-site comparison.

Table 14 shows the estimated discriminant func- It evaluated14 sites in the Philippines that fall
 
tions when all farmers were included in these four under 4 agroclimatic zones. Data collected from
 
groups, based on their major cropping patterns. 207 farmers were analyzed using tabular analysis,
 
The seven variables used in this analysis were multiple regression, factor analysis, and discrl
selected by examining the variability of the minant analysis techniques.
 
determinants from the four groups.
 

Several cropping systems descriptors were used. To
 
Although three functions were estimated, the sec- capture different attributes of cropping systems
 
ond and third functions added little to the dis- quantitative and qualitative descriptors are need
criminating power of the first. In, the latter, ed. The often complex, interactive relationships
 
variables that contributed most to the classifica- between cropping systems attributes and postulated
 
tion were access to and type of supplomentary ir- determinants required the use of several multivar
rigation followed by soil characteristics. The iate analytical techniques. Overlapping results
 
classification analysis shows an average 75% of generally agreed and other findings were comple
farmers were correctly classified, given the dis- mentary.
 
criminating .'ariables (Table 15). Site-related
 
physical variables were usually dominant determi- All analytical techniques showed that biophysical 
nants of cropping patterns within the site. factors are the dominant influence determining the
 

number of crops grown in sequence (MCI) and the 
Discriminant analysis can also be used to examine duration of land use by crops (CII). Soil texture
 
factors contributing to within-site variation in and the presence (or absence) and type of supple
systems. Using the technique to study farmers from mentary irrigation were highly important. They de-

Leyte showed that access to canal irrigation, fol- termine the feasible period for crop growth by
 
lowed by soil factors, was crucial in differentia- their influence on soil moisture.
 
ting between double rice cropping farmers and
 
others (Paris 1981).
 

Table 15. Prediction results of the discriminant function in 14 Philippine sites, 207 farmers, l97q.
 

Actual farm Cnses Rice - Rice - Rice - garlic/ Rice 
groupL, (no.) fallow rice rice - tobacco others 

Rice -fallow 91 74 1 0 16
 
(81.3%) (1.1%) (0.0%) (17.6%)
 

Rice - rice 22 1 18 1 2
 
(4.5%) (81.8%) (4.5%) (9.1%)
 

Rice - garlic/rice - tobaccc 47 4 0 35 8 
(8.5%) (0.07) (74.5%) (17.0%) 

Rice - others 47 16 2 1 28
 

(34.0%) (4.37.) (2.1%) (59.6%)
 

(Percent of "grouped" cases correctly classified: 74.88%).
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In the analysis, rainfall distribution alone was 

.	 not a critical determinant. At first thought, this 


is surprising, however, supp ementary irrigation 

can modify natural soil moisture regimes. The mcst 

important cropping systems differences werelinked 

to this. This does not, of course, imply that 

rainfall pattern is unimportant. The supply and 

costs of supplementary irrigation depend substan-

tially;on the level and duration of rainfall. 


Among farm-level socioeconomic variables, farm 

size is a major influence on cropping system char
acteristics, particularly on those related to in-

put use. Smaller farms operate more diversified 

cropping systems. 


There was no direct link between farm size and 

cropping intensity as measured by number of crops 

(MCI) o ,uration of land use by crops (CII). llow-

ever, regression results showed small farms were
 
more labor intensive. Also, small farms used high-

er levels of material inputs, particularly urea 

fertilizer. 


As expected, farm size influenced the use of hired 

labor and machinery, Larger farms used more hminred 

labor and tended to be more mechanized. 


Generally, sociodemographic variables such as 
farmer's age, farming experience, and education 
were not important cropping systems determinants. 
This \oas particularly evident In factor analysis 
results. Subject to confirmation through future 
research, this indicates that this type of data 
may be of little use when designing new cropping 
technologies for specific locations. Because such 
data are often more difficult to obtain than bio-
physical data at site research initial stages, 
this may reduce the burden of data collection at 
that 	stage.
 

From a methodological point of vlew the study

showed that the complexity of interrelated compo-

nents within farming systems makes it necessary to 

use multivariate statistical techniques to under-

stand underlying relationships. Commonly used
 
single equation multiple regression models are by

themselves inadequate. Estimated relationships be
tween dependent and explanatory variables were 

difficult to explain and/or did not conform with a 

priori expectations. R2 values wer,. usually low, 

indicating that many important variables had been 

left out. Assumptions of linear, unidirectional
 
relationships between hypothesized determinants
 
and descriptors did not always hold. 


When interpreted with care, single equation mo
dels, despite their specification limitations, can 

be used to understand how site-level factors are 

comb*ned with farm-level system characteristics, 

The unexpected signs of some of the coefficients, 

for example, can be used to develop hypotheses 

regarding system interdependencies and tile real 

*direction of relationships. 


Significant developments in the application of 

multivariate statistical techniques to tile study 

of complex systems during the last two decades 


have enabled us to make a systematic analysis of
 
the complex, incerdependent relationships involved
 
in adapting a croppitg system.to an environment.
 
In our study, factor and discriminant analysis
 
helped overcome some of the limitations of single
 
equation multiple regression models. However, our
 
results should be carefully interpreted because
 
the assumption that all variables are normally
 
distiibuted is not always sustained, particularly
 
when dummy variables are used for qualitative or
 
categorical data.
 

Our experience shows stronger hypothesis regarding
 
the nature of the system relationships needs to be
 
carefully developed before undertaking quantita
tive analyses. Because biophysical systems and
 
environmental factors are so closely interwoven
 
with the socioeconomic variables, such hypotheses
 
are best formulated by interdisciplinary teams.
 

Because of time and other constraints this study

confined to 14 Ph e sits th dereo
 

was confined to 14 Philippine sites. The degree of
 
variability of many major variables (biophysical
 
as well as socioeconomic) was small, which made
 
estimation difficult. Data obtained from a wider
 
range of environmental complexes may provide 'a
 
more reliable foundation for an extended study,
 

and ACSN sites may provide a more extended data
base 	 for further research and analysis. 
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