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Abstract: Factors affecting paddy yield in the Anuradhapura and Ratnapura districts
are investigated. Regression analyses are performed using data from 1962 - 1978,
and parlicu!ar attention is given to the growth stages of the Paddy plant and its water
requirements at each stage. The results indicate that if the total extents cultivated
has been increasing then this has a large influence on yield per acre. This was seen
at Ratnapura for both seasons and in the Maha season at Anuradliapura. The study
also shows that the non-climatic factors influenced by technological research, (called
technological factors in this paper), such as transplanting, type of variety, fertilisers
and irrigation have played a major role in paddy production, particularly at Anuradhapura. Variations in climatic variables have not influenced variation in yield, as
greatly as changes in technological factors. Also the results indicate that the
climatic variables which are important depend on the type of technology en~ployed.
For example at Anuradhapura, the Yala season has increasingly relied on major
irrigation schemes and temperature was shown to be important, but in the Maha
season some farmers still rely, to a certain extent, on rainfall, and consequently
rainfall was indicated as an important climatic factor. The study has highlighted
many areas of further work and the direction further research should take to
enab!e a comprehensive knowledge of the effects of factors and their interactions
to be developed.

1. Introduction

Self sufficiency in rice has been a target that Sri Lanka has been striving to achieve
for many years. This can be achieved basically by
(a) increasing acreage under paddy.
(b) , increasing paddy plant yields.
(c) reducing risk of crop failure.
There have been several measures taken to achieve this goal of which the
development of the Dry Zone for irrigated paddy cultivation has been a major
one.' In the mid 1960's the emphasis for self sufficiency was on increasing paddy
plant production as opposed to area expansion.lZ For the paddy farmer this
meant improved credit facilities, subsidised fertilizers and an improvement of cultural
practices, through better extension. Consequently paddy production increased
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by 55% during 1966 - 1970.7 This was then followed by the introduction of the
new high yielding varieties1 which were capable of yielding 100 bushels per acre
compared to the 60 bushels per acre of the traditional varieties.
In 1972 the Ministry of Planning developzd "The five year plan"l3 which
aimed at self sufficiency in 1977. The plan recognised the scope for more extensive
use of land and labour, for increasing output with high yielding strains and for
better use of water sources. Large scale irrigation schemes were planned and
developed.
Also increased supplies of fertilizer, weedicide and pesticide were
made available in conjunction with programmes for rural credit. However, in
1974 the government withdrew the fertilizer subsidies which subsequently n~cant
that most farmers were using fertilizers at levels of efficiency much lower than recommended. Chambers, in 1975"ointed
out that both the severe shortage of the
necessary imputs, on which the green revolution is based, and the economic difficulties of Sri Lanka at the same time, made the immediate prospect of self-sufficiency
less feasible. Chambers stressed that a greater emphasis ougllt to be placed o n
water management. The above can be summarised by a quote from Scneviratne
and Appadurai."
"Self-suficiency in rice has been declared the objective of
agricultural policy in this country for decades and numerous nieasures have been
adopted in an attempt to realise this goal with varying degrees of success."
This paper is not intended, to propose methods designed t o achieve self-sufficiency. If a clearer understanding of the role played by the various factors affecting
paddy yield can be formed, then paddy farmers can inake efficient use of available
resources to obtain maximum results. SF this could be achieved then self-suificiency would not be such a distant target. There has been much speculation and
discussion of the factors affecting pad:dy plant growth but very few real statistical
analyses with concrete results have emerged. This paper sets out the results of a
preliminary study carried. out on the factors affecting paddy. The results obtained
are primarily intended 01114 to give an indication of areas into which further research regarding crop-climatic relationships could be pursued more deeply.

2. Material and Methods
To simplify our initial study we analysed paddy yields for Maha and Yala seasons
from two districts; one in the dry zone (Anuradhapura) and one in the wet zone
(Ratnapura). This enabled us to obtain a picture of the regional differentiation
in productivity potentials and also to provide an indication as to why these differences
exist. Factors which affect paddy yields can be categorised as those related t o :
(i)
(ii)
(iii)
(iv)

methodology eg. variety of seed, method of irrigation, fertilizer.
climatic eg. rainfall, temperature, number of rainy days.
economic eg. fertilizer subsidy schemes, rent acts, insurance.
physical location eg. soil, drainage, vegetation cover.

An Iiivestigution oj' t l ~ cFncro~.sAflecti~rg Paddy Yields

73

The factors covered by this study are to b d o u n d in catcgories (i), (ii) & (iii).
The paddy statistics and data related to category (i) were obtained from the
Agricultural Division of the Department of Census & Statistics. This data is
available at district level from 1962. The paddy yields per acre are estimated from
crop cutting surveys.
The climatic data was obtained from tke Colombo Metcorology Department.
The Statistical Unit, Colombo University has been collecting and processing climatic
variables from most of the districts in Sri Lanka. An efficient data entry system
bas been developed for entering, checking and editing the data, thus the climatic
variables are thought to be reliable. Although daiIy weather data is available,
monthly values were used.
For each season and each district the data set thus consisted of paddy yicld
per acre, total extent cultivated, percentage of area cultivated under major, minor,
or rain fed irrigation schemes; per cent acreage under transplanted methodology;
per cent acreage under pure-line seeds; fertilizer issues; monthly rainfall; monthly
maximum temperature; monthly minimum temperature; monthly average temperature; total monthly rainfall and number of rainy days observed in each season.
3.

Method of Analysis

In crop climatic studies there are several different approaches to understanding
the degree of influence that various climatic factors have on crop yields. These
can bc roughly classified as follows :3
(a) Models whicl: consider the impact of m=teorological variables on specific
processes e.g. transpiration, photosynthesis. These models then simulate the processes by mathematical equations.
(b) Models which use lneteorological variables on a daily basis and which
relate to the development periods of the plant.

(c) Models which use a sample of yield and meteorological data and produce
estimates of the coefficients of a regression equation.
The approach used in this paper is influenced by methods (b) and (c). Since
this study is a preliminary investigation then interest is in using a method which
will indicate the important factors rather than in developing a model. Consequently regression analysis is used to highlight the relative importance of the variables
under consideration. It is intended that the work done in this study will lead to
a more detailed investigation where a model will be developed. This is discussed
later.
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Beforc any statistical analyses were performed, llistograms and time series
plots of each variable were constructed to check the data for anomalies, possible
errors and to obtain an idea of how each of the factors have been cl~angingover
the time pariod considered. The data was then suinmarised in the form of means
and standard deviations to enable one or two simple comparisons between districts
to be made.
For the c11mat:c data, to coil~idcrmonthlyfigures meant that for cachseason
maximum of 8 monthly figures for each variable is possible, however not all
8 monthly values for all the 10 weather variables can b: incorporated simultaneously
into a regression analysis. We have only 18 yield observations so it is not possible
to conduct a multiple regression with 80 cxylanatory variables. This means that
the explanatory variables need to be condensed or reduced into a manageable set
before it is possible to include them in a multiple regression analysis. There are
several methods of doing this. Examining the work of other authors in this area
showed that solnc authors used multivariable techniques such as principal components and others have used techniques which scrccn the meteorological variables,"
1.e. reject or select variables depending on thcir correlation with yield. ICendall
l~asindicated that there are disadvantages and advantages implicit with both of
these techniques.'O Also it is known that some of the weather variables have a
considerable cffect on the paddy plant during sp~cificgrowth periods and no eKect
during others. Therefore some of the explanatory variables could well be unnecessary, consequently the latter method of screening is employed in this study, although
it is realised that it has its limitations, and a variable was only discarded if it was
indicated statistically ant1 known agronomically as not being important.
at

The aim of the paper is to discover which factors play a significant role ia
explaining the variation in paddy yields. This is done through a multiplc regression
analysis16 which is conducted in two steps. The first step, as outlined in the above
paragraph, identifies the factors which appear to be relatcd to yield. Thc second
step uses forward selection to choose a subset, from thc cxplanatory variables
identified at the first step. There are several othcr methods of selecting an appropriate subset of explanatory variables, apart from forward selection. The drawbacks of most of these techniques are discussed in Draper and Smith and although
was the only
forward selection may not be the most appropriate technique."t
one available at the time of this study.

STEP I: The correlation structure of the factors was examined as it was ncccssary
to understand the interrelationships which exist between the variables. Simple
linear regression? betwxn the yield per ncrc and those factors bslievzd to affccf
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paddy yields were performed. In order to decide which regressions were appropriate the percentage of variation accounted Tor by each regression and the corresponding F-values were noted. From these simple regressions and supported by
agronomic knowledge the factors could bc classified into 3 groups:

(A) Thosc which affected yields dircctly.
(H) Those which did not appsar to have marked effect on yield but whose
rejcction was not obvious.
(C) Those wilicl~had no cffect on yield at all.
The factors categorised into A arc those which appear to be the most cffectivc in changing the yield per acre. However, most of these factors are highly
correlated so when they are all incorporated into a multiple regression the total
amount of variation explained by them all may not be as large as expected and
usually only one or two need to be included in the final subset. Also, multicollinearity amongst the explanatory variables can have serious consequences on a multiple regression analysis.
The factors grouped in B are those variables which seem ineffective on their
own but may be operationally important when considered with other variables
in the regression model. A non-significant term in the simple regressions analysis
cannot always be ignored especially if it is close to the tabulated F-value.
In
lhis case it is preferable to include those factors with a large but non-significant
F-ratio and to test them with other variables ra-ther than reject them at this stage.
Hence the above classification and the inter-relationships highlighted by
the correlation analysis produced a final subset of variables to be considered in the
final multiple regression analysis. For the simplc regressions we have used
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SJEP 2: The final subset of variables con~prisedof groups A and B for botlz of the
seasons, Maha and Yala in each of the districts. A forward selection, multiple
regression analysis was performed on the above subset, by using a statistical computer package available at Colombo University. This is a sequential procedure
in which explanatory variables are added into the regression analysis one by one.
At each stage, the explanatory variable included is the one which contributes most,
out of those not yet selected, to the regression sum of squares. The selection stops

when tile contr~but~on
is judged to be statistically insigniLicant. The final regression
anaIysis then consists of a set of explanatory variables whose combination cannot
be improved on in terms of explaining the variation in yield (i.e. ally other variable
added to the final combination does not significantly improve the proportion of
yield variance explained by climatic factors).
It is tlzc variables included in this set wllicil are of illterest for helping to
i~nderstandwhich factors play an important role in the production of paddy.
When the selccted independent variables are x,,x.?,...x,tbcn the final mnltiplc
rcgcssion equation takes the form

where & i are assumed to be independelltly and identically distributed random
variables with an N(0, 6 ,) distribution. However the regression equation is not a
sum of factors "~naking" a yield but a combination of fzctors which explain the
variation in yield, and as it was not intended in this paper to develop a model, then,
apart from the sign, the coefficients are of little interest. The estimation of effects
is discussed later in areas of' f~lrtherwork. The relative importance of the explanatory variables finally chosen and the implications these have on areas of further
work are the main conccrn of this paper.
4.

Analysis

4.1 Descriptive Analysis

T h e variable of most interest is the yield per acre of paddy whose variation is what
we are trying to explain. Table 1 presents the yield per acre at each location and
each season. It shows paddy yields at Anuradhapura exhibiting greater variation
when compared to yields at Ratnapura.
T A ~ L1.B Statistics relatecl to yield per acre at Anuradhapi~raand Ratnapura
. -.

Districl

Seasotz
-

-

-

- --

iMeon
-

-- -

Sfd. Deviatigit
-

-

Anuradhapura

Maha
Yala

51.54
46.07

10.71
10.21

Ratnapura

Maha
Yala

37.75
38.23

06.30
04.47'

Table 2 presents differences between the means at the two locations (1 & 2)
and the difference between the two seasons at Anuradhapuara. A significant
difl'erence in the yiclds between the two districts for both Maha and Yala is indicated. In each case Anuradhapura reveals a sigilificantly higher yield per acre
Hence paddy plant production at Anuradhapura is higher than that at Ratnapura.
There is no significant difference in the mean yields per acre between the two seasons
at Anuradh~pura,hence the paddy plants perform equally well in the two seasons.
TABLE
2.

I.
2.

t-test for differcnccs i n rn-an between locations and between seasons at one locatiot~

Maha
Yala

3. Anuradhdpur;~

Differences
bet ween Menus

Strl. Error of
Diflerence

Observed
t-statistic

13.79

02.93

04.71'

7.81!

02.63

}on 17
02.98" J d.f.

05.47

03.48

01.57

based

based o n
34 d.f.

.

(" - Significant at thc 5 % Icvel)

The differences betwcen the 1ocatio::s end seasons, over the period of inkrest,
can also be seen from Figure 1. In studying the factors affecting paddy groduction, we should be able to explain why these differences in the nleans and standard
deviation exist. (The yields for Maha 74/75 at Anuradhapura was considerably
lower than others. This was due to a severe drought in the area at that time).

For Anuradhapura tllcre is a large difference, in the extent cultivated, bctween
thc two seasons. The extents cultivated in Maha have a very definite increasing
trend over the period 1960 1980, whereas in Yala acreage fluctuates about a constant value. This implies that at Anuradhapura in the Maha season conditions
are (or becoming more) conducive to supporting a much Iarger acreage for paddy
production than in Yala. One obvious factor which causes this diflerence is thr:
difference in the rainfall patterns. Extents cultivated in both seasons at Ratnapura.
are almost the same and show a sitnilar pattern ovcr yzars of a small steady increase
which levels off eventually

-

A larger percentage ot' the acreage in Yala than in Maha is under thc inajor irrigation scheme. This is to be expec.ted as rainfall received in Yala is a lot less than
in Maha. The percentage of paddy acreage undet. rainfed in Yala is almost nil.
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Also within Yala there i* an i:lcreasing trend in peiczntages under major irrigation
schemes. In Malla there has b:en only a sIight increase in percentages under major
~rrigationover the past 10 ycars but still a greater percentage are dependent on minor
~rrigation with a small almost c o n s t a ~ ~percentage
t
dependent on rainfall alonc.
IIcnce in Yala, farmers at Anusadhapurn arc totall) dependent onirrigation schcmes
and thus have almost conlpletely changed over from minor irrigation schemes t o
suppleinent the water received from the Maha monsoon.

There is very littlz d~lYerenceIn the patterns of clie irrigation schemes betwecri thc
two seasons. This is to be expected, as the difference in the rainfall experienced
in the two monsoons is not as great as that in Anuradhapura. In Ratnapura the
Farmers rely mainly on minor irrigation and rainfall. The percentage under rainfed
has remained fairly constant over the period of study. The percentage under rainfed in Ratnapura is much higher than p-rcentage under rainfed in Anuradhapura
during thc Maha season

Paddy production in Sri Lanka is dependent on Lwo monsoon seasons. An idea
of the pattern of the climatic variations experienced in the two districts is necessary
before correlating kitlds with climatic factors.
For a representative picture of the rainfall, data was collected from meteorology stations within each district. The daily rainfall figures from 5 stations scattered throughout the Anuradhapura district were averaged to give the pattern of
daily rainfall expected for Anuradhapura district. Similarly, for Ratnapura
3 meteorology stations were used. Figu~es2 and 3 show the differcnccs between
the two seasons at each placc.

'The total precipitation experienced in the Maha scason is almost twice the amount
in the Yala scason. The graph also shows there is a decreasing trend in rainfa!!
amounts recorcled i n thc R'Iaha stason, over the period of study.

The difference between tliz rainfall In the two seasons is not as large as at Anuradhapura. Generally the Yala season receives almost the same amount of rainfall
as the Maha season.
During the Yala pzriod and the in.tcr-monsoonal periods, the a111ount rrf
rainfall and the n u m b c ~or rainy days is muell less for Anuradhapura than Ratnapura.

82

Ann Leaker

The other climatic variables considered were maximum and minimum temperatures. Both of these temperature variables were more variable in Anuradhapura than in Ratnapura. Altliough the temperatures experienced were not identical for the two places, differences were not as marked as those found in the rainfall
figures.
4.2 Use of weather variables in the regression

In considering the effect of weather variables on paddy production, the crop weather
analysis approach discussed in section 3 was adopted. Here the climatic variables
were related to the different development periods of the crops.
The total growing period of paddy can vary in length between 9.5 and 1.50days
and this can be classified by growth stages as follows (see 7).
(i)
(ii)
(iii)
(iv)
(v)

Establishment stage (with a length of upto 10- 15 days)
Vegetative stage (with a length of upto 40-60 days)
Flowering stage (with a length of upto 10- 15 days)
Yield formation stage (with a length of upto 25- 35 days)
Ripening stage (with a length of upto 10-25 days).

The length of, and the requirements at, each stage depend on the paddy
variety, its sensitivity to sunlight, temperature and other climatic conditions.
For example, Grist8 has shown that Joponicarice in certain environments
can yield up to twice that of Indica rice. Kungll states that, in general, germination does not occur below 12" C and Do1nros5 states that optilnum day tinic. air
and water temperatures for paddy yields are between 28" C and 32" C, which agrees
with temperatures quoted by Kung, who also reports that small differences between
day and night temperatures (i.e. maximum and minimum) during flowering and' yield
formation are required for good yields.
The total water requirements of the paddy plant depend on climate and
length of growing period. However, the water requirements of the plant are different at the different growth stages. Domross gives the corresponding details for
rice cultivation in Sri Lanka. Evapotranspiration increases with vegetative growth
and is highest just before flowering. The most sensitive periods of water deficit
are flowering and the second half of the vegetative period. Also prolonged submersion of paddy rice adversely affects plant growth, particularly during the yield
formation stages.ll So the time at which water deficits or water surpluses occur
is an important factor. Thus some weather variables have a considerable effect
on the paddy plant during specific growth periods and no effect during others.
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In order to investigate the effect on yield, of water deficits and other climatic
factors at certain crop development periods of the plant, these periods had to be
interpreted in terms of particular months of the year. The total growth period
for a Maha scason crop is between September/October andFebruary/March and for
Yala between April and August. These monsoon periods coincide with the paddy
cropping seasons and can be divided into the different crop development stages.
The breakdown of the total growing period into the five stages in terms of the
number of days was shown above. This was used to obtain a corresponding breakdown for the Maha and Yala cropping seasons. By calculating what proportion of
the total growing period each of the five developmcnt stages takes, the time periods
in each season, which correspond to each stage were found. Table 3 gives an idea
of the length of each of the growth stages, the corresponding months and a n jndication of the water requirements.ll This breakdown is not exact as it would be
difficult to obtain a precise correspondence between the months and the growth
stages since these will vary over the years, depending on planting dates. This
aspect will be discussed later. The amount of rain falling in SeptemberlOctober
and April was considered inlportant as this is the time when the rains should have
started and consequently affects planting dates. Water requirements are also
large in the flowering period. i.e. January and June. The effect of the amounts of
rain in the ripening stage, i.e. FebruaryIMarch and August was also examined.
TABLE
3. Length of each growth stagc of the paddy plant and their water reqi~ireme~its

L.

2.
3.
4.
5.

Stage

No. of doys
it2 period

Establishment
Vegetation
Flowering
Yield forliiatio~i
Ripening

40 - 60
10 - 15
25 - 35
10 - 25

10 - 15

Months corresponding
lo gro~vfhs t o p
Ynla
Mahn

Water
require~iienl.~

Sept.-Oct.
0ct.-Dec.
January
February
Feb.-March

:Deep
Medium
Deep
Shallow
No water

April
April-Ma y
June
July
August

To determine the adequacy of the total amount of rainfall available during
the growth period
(a) average monthly rainfall totals for Maha and Yala;
(b)

number of rainy days within each season;

were examined. For the effect of differences in day and night temperatures during
the flowering and yield formation, the difference of maximuin and minimum
temperatures in January and February for Maha and in June and July for Yala
were considered. Average temperatures for these periods and the yield formation
stage were also considered.
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5. Results and Discussion

5.1 Results of Step I
It was noted in section 4.la that the yields for Anuradhapura Maha '741'75 were
very low. For the simple linear regressions performed the analysis was repeated,
omitting this point and the corresponding data. If the effect of this produced a
significantly different regression to that obtained earlier, then the '74/'75 data would
be regarded as outliers of an extreme nature. However, this was not found to be the
case and so it was not necessary to reject the '741'75 data points.
Thc large number of factors wkich were expected to affect yields were categorised into the three groups by the method outlined in section 3, i.e. by looking
at the correlation structure of the independent variables and by performing simple
linear rcgressions between yields and each independent factor. The corresponding
results are set out in Table 4. Only the factors in categories A and B are given
siilce category C contains factors which were considered to have no effect on yields.
So a set of twenty possible factors which were'believed to effect paddy yields
was reduced to a smaller subset of 13 and 9 variables for Anuradhapura Maha and
Yala respectively and 11 variables for both Ratnapura Maha and Yala. Each of
these smaller subsets comprises of' the factors listed in categories A and B, which
have been shown statisiically to be associated with the yield per acre.

5.2 Discussion of Results
The following section discusses the relative importance of each of the variables
chosen in the final subset. This is done by examining the changes in R2 and
on the introduction of each variable.

2

RZ 3

variation of yield explained by all regressors
total variation of yield

2

k
= ( R- -

71-1

(n-k-1
&

(called the adjusted or corrected R2)

where k = number of regressors in the (analysis) model
n = number of observations

R2 provides an overall index of how well y can be explained by the
regressors. Since the inclusion of an irrelevant regressor will increase R2, then it
is desirable to correct for this, as shown above by %. 16. Table 6 shows the values
of ~2 and ji2 at each stage of the analyses.

Number of
variables

13

B
Extents under minor
irrigation
Extents under rainfed
conditions
Difference in Jan.
Maximum & Minimum
temperature
Average temperature in
February

Number of rainy days

0.14

0.1 5

0.17

0.21

Fertiliser

9

Average temperature
in August
Temperature range in
June
Temperature range in
July

0.29

No. of rainy days

Rainfall in March
Mean Temp. in March
Fertiliser
Rainfall in January

Rainfall in September

0.13

0.09

0.17

0.32

0.51
0.37

Extent under pureline
seeds

0.52

R2

Extent under pureline
seeds

Anuradhapura Yala

Total extent cultivated

0.17

Rs

Extent under major
irrigation
Extent under minor
irrigation
Transplanted extents

A
Transplanted extents

Anuradhapura Maha

ldahn

11

Average monthly
rainfall total
Mean temperature in
February
Rainfall in March

Extent under
transplanted
Average temperature
in March

Extent under minor
irrigation
Extents under pureline
seeds
Fertiliser
Extent under major
Irigation
No. of rainy days

Total extent cultivated

Ratnnpura

0.16
0.08

0.14

R2

11

Difference in temperature
June
Rainfall August

Rainfall in April & May

Transplanted
Average temperature July

Rainfall in May

Total extent cultivated
Pureline seed
Extent under minor
irrigation
Extent under major
irrigation
Fertiliser

Rainapuro Yala

TABLE
4. Variables having greatest influence on paddy yields at different locations and different seasons

0.09
0.08

0.13

0.19
0.19

0.20

0.26
0.19

0.313

0.47
0.38

R2
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Variables selected as having a significant effect on paddy yields.

Anuradhayura
Malza
1. Transplanted
extents.
2. Total extent
cultivated.
3. Extents under
pureline seed.
4. Rainfall in
September.
5. Number of
rainy days.
6. Rainfall in
March.

7. Rainfall in

Rafnnprtra
Yala

Maha

1. Extents under
major irrigation
2. Temperature
range in June.
3. Extents under
pureline seed.
4. Temperature
range in June
and July.
5. Number of
rainy days.
6. Average temperature in
August.
7. Fertilizer.

1. Total extents
cultivated.
2. Rainfall in
March.
3. Extents under
pureline seed.
4. Average temperature in March
5. Fertilizer.

6. Extents under
minor irrigation.
7. Transplanted
extents.

January.
8. Extents under
minor irrigation.
9. Average ternperature in February.
10. Fertilizer.

TABLE6. Values of R' and

Mahn

Yala

Yala

1. Total cxtents
cultivated.
2. Rainfall in
August.
3. Extents under
major irrigation
4. Extcnts under
minor irn'gation.
5. Transplanted
extents.
6. Temperature
range in June.

R"

Malia

Yala
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The forward selection stopped after 10 variables had been included in the analysis.
Including all 10 variables explains 98 % of the total variation and would appear to
explain a substantial amount of the variation. However a closer look at the changes
in $ gives an indication of the relative importance of the explanatory variables.
The 10th variable, fertilizer, gives a negligible increase in R2 and cannot be regarded
as really contributing to the explanation of variation in yields. The first three
variables which produce quite sizeable changes in R2,are non-climatic factors
more associated with technology and account for 89% of the variation. The
scparate plots of these three factors over time showed a steady increase and the
multiple regression analysis showed that all three were positively related to yield.
Thus an increase in the use of new technology has helped improve paddy production. The other variables only gradually increase R2. Variables 4 - 7 are
is = 0.05. Therefore
concerned with rainfall and their combined total change in
they seem less important in explaining changes in yields as compared to the first
three factors which arc more associated with technology.

x2

However the indication is that once certain aspects of technology have been
accounted for then rainfall is the important factor which affects yields. The monthly
rainhll variables chosen were those for September, January, March which indicates
thc growth periods where rainfall can affect yields. The yields could be adjusted
for technology to allow the effects of rainfall to be studied, however technologyweather interactions may drastically affect this approach. This will be discussed
later.
5.2.2 Anzvadlzrpuru Yala

The forward selection stopped after 7 variables had been included in the analysis.
Extents
Extents under major irrigation explains 52% of the variation in yields.
.under major irrigation have increased over the period of study from 40% to 90%
and since the total extent cultivated has remained constant then this implies that
farmers have turned to using major irrigation schemes to cultivate their crops and
have become less dependent on rainfed systems. The third variable included is
extents under pureline seed which produces a change in R 2 of 0.04 and fertilizer
produces a change of 0.03, although it was the seventh variable to be included.
(Transplanted extents were not included in the final set. In the simple linear regressions the correlations between yield and each of the technology factors such as
transplanted extents, extents under pureline, and fertilizer was quite high, thus
transplated extents may not have been included due to the nature of its correlation
with other technological factors already included in the final set). So again the
technological factors seem important, have been steadily increasing and are positively related to yield. The other variables included are mainly based on temperatures

Ann Lealcer

88

and these produce increases in @ which indicate that they are important in explaining variation in yield. The growth periods which seem to be affected by temperatures are flowering and ripening. It is interesting to note that in this analysis
the climatic variables included are based on temperature, presumably because
rainfall is not such a limiting factor when irrigation is used. Again it would be
interesting to remove the effect of technology, if no interaction with climate existed
to study the effect of temperature.
5.3 Ratnapura Maha

The forward selection stopped after 7 variables had been includcd in the analysis.
Total extents cultivated explains 79 % of the variation in yield. Increases in yield
per acre are related here, to increases in use of lands previously uncultivated for
paddy. A time plot of total extents cultivated at Ratnapura Maha showed a n
increase over the period of study. If the nutrient content of soil is higher
in these uncultivated lands, then this may explain this relationship.
Thc technological factors included in this set were extents under pureline
seed, transplanted extents, fertilizer and extents under minor irrigation. These
do not produce increments in R ~ i k those
e
in the Anuradhapura Maha analysis.
Also they do not account for a large proportion of the yield variation as in the
Anuradhapura analysis. Here the effects of technology are present but not so
pronounced, either because they are not suited to the environment, or because
farmers do not practice them extensively. Certainly there appears to be less of
a need for major irrigation than in Anuradhapura. However plots of extents
under pureline seed against time showed that at the end of the study, 40% of thc
farmers in Ratnapura use pureline seed as opposed to 70% in Anuradhapura. The
climatic variables were mainly concerned with the weather in March, namely rainfall and temperature. Rainfall in March produced a change of 0.095 in R:! and was
the second variable included into the regression analysis. The analysis showed
that rainfall in March had a detrimental effect on yield.
5.4 Ratnapura Yala

The forward selection stopped after 6 variables had been included in the analysis.
Total extents cultivated explains 43 % of the variation in yield. The discussion
about total extents cultivated in Ratnapura Maha also applies here. Thc technological factors included were extents under major and minor irrigation and transof 0.07. Again the
planted extents, altogether these produce an increase in
discussion in Ratnapura-Maha with respect to the technological factors applies
here. The decrease in R2, on including the 5th variable, is due to the increase in

x2

being less than

-1.1~
The weather variables included arc rainfall in
n- 1

August

and temperature range in June. Although neither of these produce large changes
in R,.
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Summary
Sid. Deviation
Anuradhapura
Ratnapura

-

R'

6

Maha
Yala

10.71
10.21

0.946
0.669

2.19
5.75

Maha

6.30
4.47

0.925
0.579

1.7
2.85

Yala
*

The cstimate, 0, is based on the residual sums of squares from the final regression
analysis in each case. Thus it can be seen that more of the variation in the Maha
yields can be explained with the variables studied than that in the Yala yields. This
could be due to several reasons. Since less rainfall is received in the Yala season
there is a greater dependancy on the irrigation schemcs than the adequacy of precultivation rainfall may be a factor to be considered. There has been much morc
variation in paddy prodgction at Anuradhapura than a t Ratnapura. The results
seem to indicate that this could be due to the increasing extent at which the
cultural practices are affected by technology, particularly at Anuradhapura.

A summary of the general overall indications of the results are:
1. That the yields have been positively influenced by changes in techno-

logy, which affect the cultural practices, such as increases in transplanted
extents, extents under pureline seed, extents under irrigation and fertiliser issues. Where there has been a marked extension of these changes
in cultural practices then the corresponding effect on yield is more pronounced than the effect of weather.
2. Rainfall during certain growth periods affects yields especially j11 the
case of Anuradhapura Maha. The detrimental effect of rainfall in the
ripening period was highlighted in 3 of the 4 cases studied. (Anuradhapura Yala season was the only case where this was not shown).

3. Differences in the temperature range during the flowering period and
the temperature during the ripening period were also shown to be important variables in Yala cultivation.
4.

Where extents under pureline seedhas been chosen as being important
then so has fertiliser issues. The interaction of these two factors cannot
be studied here and would be an important aspect to follow up.

5. The effect of the climate on the paddy production depends on the cultural
practices which are used. When most of the extents cultivated are
irrigated, as in the Anuradhapura Yala case, then rainfall is not a limiting
factor and variations in temperature are important.
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6.1 Areas of further work indicated by the results

Developing a statistical model to describe how variations in paddy yield are aikcted
by certain factors is an ultimate aim. However, the intention here was to perform
a preliminary investigation before conducting an analysis which would be concerned with model development. The main objectives of this preliminary investigation were :
(a) to assist in developing an appropriate methodology for such an analysis
(b) to provide information on whether certain areas need to be investigated
in more detail and if so which
(c) to indicate the irnportant/unimportant factors
(d) to indicate any problems which could arise.
Consequently the results presented above will be discussed in the context
of meeting these objectives and the implications these results have on modelling
variations in paddy yield.
7. Discussion

(a) Methodology
The statistical techniques used in this preliminary investigation were based on
regression analysis, which is what the majority of crop-climatic studies use.= Certainly regression analysis is appropriate for such studies, however, forward sclection
for model development and estimation of effects may not be the best method.l0
Kendall recommends looking at all of the possible combinations of explanatory
variables.
The results of this invesligation have indicated that the effects of thc technological factors are more pronounced than those of climatic factors. To gain a
better understanding of how climate affects yields it may be constructive to rcmove
the effect due to technology from the yields and study the variation or these residuals with respect to climate. However this may not be possible in the presence
of weathe1 and technology interactions and consequently their presence needs to
be checked first.
The interpretation of coefficients when unknown interactions are present
can be misleading. Due to the form of data used it was not possibie in this investigation to investigate interactiom but the results have indicated that these are
present. Subsequent modelling should investigate thesc possibilities.
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Another aspect of inethodology, to be investigated further, is the aggregation
or the meteorological data. In this investigation the average of 5 stations, in the
Anuradhapura district, and 3, in the Ratnapura district, v!as used. to give an indication of the weather in each district. If the weather experienced varies greatly
within a district,then a straightforward average may not give a very representative
figure, depending on how the meteorological stations are situated in relation to
the areas cultivated with paddy.
(b) Areas where a more detailed study may be needed
One important result that emerged was that when water was not a limiting factor
i.e. Anuradhapura Yala, then temperature was shown to be important. This
suggests that the results will differ depending on the different levels of irrigation
used and separate models may need to be developed for each. This is not possible
with the data set used here and a breakdown of the district data is needed where
yield figures can be matched with the different levels of irrigation.

A further breakdown of the district figures to enable the presence of interactions to be studied, is another area where a more detai!ed study could be conducted.
Information on the yields of the different varieties and the corresponding figures
of fertiliser used could also be studied with weather. Such data would also enable
an assessment of which varieties are best adapted to which environments. The
Department of Census and Statistics crop cutting survey data gives a more detailed
breakdown of paddy yield from which it would be possible to investigate the presence of some interactions. This data also allows other factors to be investigated
such as the effect of fungicide and weedicide.
If the data available on planting and harvesting dates then the total growth
period could also be studied in relation to yield and weather. Knowledge of planting dates provides a more accurate assessment of the growth periods and also will
enable pre-season climate to be investigated as a possible factor. For example
the extents cultivated is highly dependent on when the rains start and sometimes
on the amount of irrigated water available. The type of paddy planted can also
depend on when the rains start.

(c) Factors shown to be important
Further areas of work may be in the type of explanatory variables used. The results
have indicated which variables appear to be important, however the form of these
variables may be incorrect.
Variations in temperature in the Yala season have been shown to be import.ant, however it may be worth investigating whether temperature is the correct
variable. Sunshine hours of radiation may be the more relevant. In the case of
rainfall then the maximum length of dry speIIs or wet spells may. be more relevant
variables. This would mean that daily meteorological data would need to be used.
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The results have indicated that probletns can arise due to the presence of multi(d)
collinearity. Also the interpretation of coefficients could be meaningless unless
the possibility of interactions is properly investigated. This could mean it may be
necessary to develop separate models for certain aspects of paddy cultivation, such
as different levels of irrigation or different varieties, for interpretations of coefficicnts
to b:: meaningful.
Overall the preliminary investigation has highlighted the difficulties which
need to be considered before developing a realistic model of how paddy yields are
affected by important factors. Investigating thesc difficulties constitutes areas of
further work.
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