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I. INTRODUCTION

In Sri Lanka, the development of new irrigation systems, and the
improvement and rehabilitation of old systems, are prime targets of
agricultural planning. Large irrigation systems associated with
resettlement projects have been constructed to extend and increase the
agricultural productivity of 3ri Lanka's Dry Zone., However, the
operation of many of the schemes has been less than optimal, and the
anticipated results have not always been realized. Consequently, new
institutional policies and programs emphasize alternative strategies
for improving the productivity and performance of irrigation systems.

One such plan by the Government of Sri Lanka involved creating the
Irrigation Management Division (IMD) within the Ministry of Lands and
Land Development (MLLD). In addition to other responsibilities, the
IMD is expected to establish a system for monitoring and evaluating the
performance of irrigation systems. These monitoring and evaluation
methods w111 be based on diagnostic analysis procedures developed by
the Water Management Synthesis Project at Colorado State University
(Water Management Synthesis Project, 1983).

Diagnostic analysis techniques were introduced to Sri Lanka
through three in-country, professional development workshops conducted
Tn 1982, 1983, and 1984. Fundamental to diagnostic analysis is the
philoc ~phy that irrigation problems are not confined to one single
discipline such as engineering or agronomy, but rather, that they
involve a wide range of issues that include social and economic aspects
as well. As part of the training workshops, interdiscipiinary teams of
participants investigated an existing irrigation system, identified
constraints, and discussed various approaches to solving irrigation-
related problems.

Reports from these workshops were written on the Rzjangana
Irrigation Scheme in 1982 (Alwis et al., 1983b) and System H of the
Mahaweli in 1982 and 1983 (Alwis et al., 198a; Jayewardene and
Kilkelly, 1983). Although these reports were limited in scope due to
the nature of the training workshop, they provided useful information
and valuable insights into the operation of the irrigation systems
studied. As a result, the MLLD recognized the benefits of this
investigative approach and desirad to employ these concepts as a
practical, preliminary approach to identifying constraints in irriga-
tion systems.

An opportunity to use diagnestic analysis as a tool for gathering
baseline information arose with the creation of the Irrigation Systems
Management Project (ISM). The ISM Project, funded by the United States
Agency for International Development, proposes to rehabilitate and
improve four irrigation systems in the Polonnaruwa District of Sri
Lanka: Parakrarma Samudra, Giritale, Minneriya, and Kaudulla.



This baseline data collection effort was called the Diagnostic
Analysis Project. Diagnostic analysis was considered the most appro-
priate investigatory method to use; although physical improvements to
the existing irrigation systems were important considerations, various
socio-economic efforts were also included in the ISM Project design
(Skogerboe et al., 1984).

In effect, the Diagnostic Analysis Project was designed to provide
complete understanding of these irrigation systems in order to assist
the ISM Project in determining pragmatic, cost-effective means for
Improving the operation of these systems. The collection of a reli-
able, extensive volume of data would provide valuable information
concerning system operation. In addition, this information could later
be compared to information gathered after the irrigation systems are
rehabilitated and improved.

The overall objectives of the Diagnostic Analysis Project were:

1. To strengthen IMD's institutional capacity and the abilities
of its associated personnel to use diagnostic analysis
techniques to study existing irrigation schemes.

2. To assist in establishing a set of evaluation procedures and
methodologies for continual monitoring of irrigation system
operations.

3. To provide detailed background information on the selected
irrigation systems for future use in rehabilitation and
improvemert projects.

The following report details the diagnostic analysis conducted
during 1966 yala on Kaudulla Scheme. The report is dividad by dis-
cipline into sections on main system engineering, on-farm engineering,
agronomy, economics, sociology, and women in deveiopment. An interdis-
ciplinary discussion of the results can be found in WMS Report 61,
Diagnostic Analysis of Four Irrigation Schemes in Polonnaruwa District,
Sri Lanka: Interdisciplinary Report.



II. KAUDULLA SCHEM:E

The Kaudulla Scheme was originally constructed by King Mahasen in
the 3rd century A.D., with Tater improvements by King Parakrama Bahu 1in
the 12th century A.D. During this time, extensive areas of land were
irrigated and cultivated. After falling into disrepair, the scheme was
abandoned with the collapse of the ancient civilization.

In the Tate 1950s, the original reservoir was restored in two
phases. Stage I began in 1958, while Stage II was not initiated until
1971, with completion of both phases by 197G. A more detailed descrip-
tion of the Kaudulla Tank and canal system 1s provided in the main
system engineering section, with additional information concerning
irrigation practices in the on-farm engineering section.

After the expansion and rehabilitation of the ancient tank was
completed, approximately 4,000 allottees from the Vet Zone resettled
there. On Stage I, allottees were given 3 ac of irrigated lowland for
paddy cultivation and 2 ac of highlands for a homestead. On Stage II,
2-ac lots were given for irrigated cultivation and 1 ac for a home-
stead. Although this system was originally designed to serve approxi-
mately 10,500 ac, 1t is now estimated to serve 13,300 ac.

The Kaudulla Scheme is located in the North Central Province of
Sri Lanka (Figure 1) and is characterized as gently undulating Dry Zone
with elevations ranging from 45 to 456 ft above sea level. The average
annual rainfall is 58 inches, which falls predominantly during maha
(wet season; October to March).

The majority of cultivated area 1n the Polonnaruwa District 1s now
under a number of major irrigation schemes. Prior to this arrangement,
purana (old, traditional) villages cultivated paddy and other crops
using local "cascade" tank systems for water storage and irrigation.
There is no rainfed paddy cultivation in yala (dry season; April to
September), but a 1imited extent of rainfed paddy cultivation may occur
during mgha. Paddy is the primary crop cultivated, but small areas of
subsidiary crops such as chili, tobacco, maize, soybean, cowpea,
groundnut, sesame, onfons, and other vegetables are grown in vala where
water for field irrigation is limited.®

The Polonnaruwa District has been referred to as the "rice bowl"
of Sri Lanka as 1t has some of the highest ylelds of paddy throughout
the island. Average yala paddy yields from 1969 to 1985 were reported
to range from 69 to 102 bu/ac in maha and from 46 to 86 bu/ac in yala
(Polonnaruwa Kachcheri. records). The use of short-season, high
ylelding varieties is fairly widespread. A more detailed presentation
of agricultural practices in Kaudulla is contained in the agronomy
section,

The highland allotments generally are not well utilized due to
inadequate water. Even so, most families maintain perennial trees such

3
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as coconut, banana, or jackfruit. During maha, small gardens contain-
ing a diverse mixture of vegetables are planted, but yields remain low.

In the four decades since the major tanks were restored, in-
migration created by the resettlement programs and natural increases
have swelled population figures for the area considerably. The 1971
population total for the Polonnaruwa District was recorded at 163,700.
In 1981 the total reported was 262,800. Figures from the Department of
Census and Statistics, Central Bank of Ceylon, showed a total 1984
population figure for the Polonnaruwa District of over 284,000 people.
This represents approximately 1.8 percent of the total national
population with a density rateof 83 persons/kmZ.

The most recent growth rate figure, reported for 1983-84, was 2.2
percent, well above the national average of 1.2 percent. This popula-
tion growth factor, in combination with unemployment and underemploy-
ment, has led to a concentration of Tow income groups in the rural
agricultural sector. The difficulty of absorbing a growing labor force
when few alternatives to agriculture are available 1s considered a
serious problem in the district.

Data from the 1981 census reported a district population composed
of Sinhalese (9.9 percent), Tamil (2.2 percent), Indian Tamil (0.1
percent), Moor (6.5 percent), Burgher (less than 0.1 percent), Malay
(0.1 percent), and other (0.2 percent). A more detailed description of
the socio-economic background of Kaudulla can te found in the economics
and sociology sections.

Figure 2 shows a map of the area studied 1n Kaudulla Scheme in

1986 yala.
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III. DISCIPLINE REPORTS
A. MAIN SYSTEM ENGINEERING
1. INTRODUCTION

The objective of the main system engineering discipline was to
study the delivery of water from the Kaudulla Tank to the on-farm
system. Both the physical delivery of water and the management process
used to achieve the delivery of water must be evaluated in order to
establish the main system's performance.

li1th regard to the main system engineering, the performance of the
main system should be evaluated according to its ability to meet the
objectives of providing enough water control to ensure that farmers
receive water at times and in the amounts needed. The performance of
the main system can be evaluated based upon four parameters: adequacy,
dependability, equity, and elevation.

Adequacy is the ratio of the amount of water supplied to the
amount of water required. Ratios greater than 1 indicate oversupply,
and ratios less than 1 indicate undersupply. Determining the water
requirement may be difficult and may require gathering a large amount
of data. For this report, adequacy was determined by comparing water
supply to rice evapotranspiration in Kaudulla. (For some systems the
amount of water required can be substituted with the amount the system
was designed to supply. This adequacy ratio is appropriate for systems
designed to provide supplemental or deficit irrigation.)

Dependability can be determined by evaluating the variability of
adequacy over time. For this study, the coefficient of variation in
the supply over time was used to describe system performance.

Equity, 1i1ke dependability, can be determined by studying the
varfability of adequacy. However, with equity we are concerned with
the varfation of adequacy over the system (spatial variability). To
characterize equity, the coefficient of variation in supply over the
system was used.

Elevation as a performance parameter does not "fit" the other
three parameters, but is nevertheless important., Elevation in this
report refers to the system's ability to deliver water at a water
surface clevation (head) that is adequate enough to command the fields
or farms that are to be irrigated. Unfortunately, data to evaluate
this parameter were not available when this report was written.

Quantifying main system performance through diagnostic analysis
can provide system managers with data for making appropriate
improvements. Describing the main system performance demonstrates the
constraints on, and positive aspects of, the system. While the
constraints within Kaudulla Scheme may be similar to other systems,

2



quantifying performance allows one to rank the problems in order of
their severity. The priority problems and strengths of a system make
that system unique.

Originally, the Kaudulla Tank received water only from its own
catchment. Now Kaudulla depends on diversions from the Minneriya Tank
for most ot 1ts water supplies. The flows from the Kaudulla catchments
are now diverted to the Kantalai Tank under normal operating
procedures.

The canals of the main system were usually unlined and initially
designed with trapezoidal cross sections. At the time of the
diagnostic analysis, the D-channels had wide cross sections with many
drop structures along the channel length. Originally, the drop
structures served as both drop and cross regulating structures. The
cross regulation was done with flash-boards installed in slots in the
concrete drop structure. The flash boards (stop logs) were not present
so the structures no longer cross-regulate.

Discharges from the main and branch channels into D-channels and
field channels were controlled by gated pipe outlets. The gates had
provisions for locking,

The nomenclature used for the channels and irrigated areas on
Kaudulla Scheme follows. The main and branch canals are designated
directly as main or branch canals. The distributary channels and field
channels are designated with a channel number and a tract number.
Tracts are smaller command areas of the larger division of Kaudulla
Scheme into Stage I and Stage II. The two "stages" are supplied water
from the tank through two separate sluices., Thus, *here is a main
channel for Stage I and a main channel for Stage II.

Both D-channels and field channels could receive issues from the
main or branch canals. If the issue into the channe] went directly to
fields, then the channel was designated a field channel. If water
1ssues were divided into other channels, then the channel was
designated a D-channel,

For the diagnostic analysis, both stages were studied, and
findings from both are presented separately in the results of the main
system engineering report.

The scheme was designed with main and branch capacities of 40
ac/cfs of commandable area. The D-channels were designed for a
capacity of 30-35 ac/cfs of commandable land. Since the system was
designed, the irrigated area has increased. The designed irrigable
area was 10,400 ac. According to Irrigation Department records, the
most current acreage was estimated as 10,700 ac for both stages. There
1s some doubt about the current acreage figure since it is general
knowledge that farmers have significantly increased their irrigated
acreages, mainly by encroaching onto reserved areas.

The Kaudulla Scheme operated on a rotation schedule of 1 week,
Both Stage I and Stage II received water for 4 days/week and were off
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for 3 days. - The rotation was implemented directly from the sluices.
That is, when tha rotation was "on," the entire stage received water
supplies.

Paddy was the principal crop, and nearly the only crop, on
Kauduila Scheme. Growing cne crop makes it easier for system managers
to predict crop water requirements for the system and to make
appropriate adjustments to supply rates of water.

2, METHODOLOGY

To thoroughly understand how the system operates and to identify
both strengths and censtraints, 1t was decided to collect data on water
deliveries tc points along the channels in Stage I and Stage II of the
Kaudulla Scheme. Measurements were made along the main and branch
channels and along some of the D-channels.

Stage I had 25 measurement points. Of these, 6 were not used in
the analyses. The main reason for discarding a point (sampling
Tocation) was the inability to establish a head-discharge relaticnship.

In Stage II, 61 sampling locations were chosen. Thirty-six of the
61 sampling locations were used in the analyses. Originally, the main
system engineering team planned to study in detail one long D-channel
on Stage II. Unfortunately, because of inadequate man power, the time
available for data collection was short. Also, a head-discharge
relationship was difficult to develop for some of the field-channel
issues on the selected tract (D1, tract 4). Therefore, only 3 of the
17 measurement points on this channel were selected for analyses.

The flow was measured by using a staff gauge installed in the
channel. The staff gauge reading (in feet) was converted to flow rate
after a head-discharge relationship was established. The reiationship
was calculated using a current meter to determine flow rate during
several gauge readings (usually three). The current metering results
and gauge readings were fit to a curve to establish the head (gauge
reading) - discharge relationship. The major reason for discarding
measurement points from the analyses was inability to develop a
suitable head-discharge curve, Several conditions contributed to the
inability to develop a curve, but the major one was that the channels
were wide and small changes in the gauge reading indicated large
changes in discharge. Small changes in head with large changes in
discharge make the head-discharge curves steep and difficult to
interpret.

a. Acreage

The acreage commanded by each measurement point is critical to the
aralysis of the data. The area of command for each point is used to
convert flow rate (cubic feet per second, cusecs) to a supply rate
(millimeters per day, mm/day). The supply rate allows for a comparison
of the measurement points.



The acreage was difficult to accurately determine. Most of the
acreage figu-'es used in this analysis came from Irrigation Department
records, although some of the area has been surveyed using aerial
photographs. Indications were that the Irrigation Department records
under-estimate the actual irrigated area in Kaudulla Scheme.

b. Distance

Distance along a channel from cne of the main sluices to the
measurement points were also obtained from the Irrigation Department
records. These distances are probably accurate. The distance values
were used to evaluate varfations in supply rate with distance along the
channels,

c. Location and Frequency of Readings at Measurement Points

Staff gauges were located along each of the two main canals at all
divarsfon points on the main and branch canals. Staff gauges were also
installed in the main and branch canals at a few locations. One
D-channel (D1, tract 1) in Stage I and two D-channels (D2, tract 2 and
D1, tract 4) in Stage II had staff gauges installed.

The staff gauge readings were taken daily after installation.
Readings started on 1 June 1986 (Julfan day 152) on some channels and
as late as 27 July 1986 (Julian day 208) on others. A1l data
collection on flow rates ended 31 August 1986 (Julian day 243).

d. Recording and Analysis of Data

Data were collected by Irrigtaion Department personnel assigned
part-time to the Dfagnostic Analysis Project. The data were recorded
fn field books and then transferred to data sheets for entry in a
microcomputer. Most of the data were analyzed on the ccmputer.
Calculations performed were simple mathematical and statistical
manipulations. For instance, flow rate and acreage were converted to
supply rate. The basic equation is:

qt = kd A

t/kd

(]

A/q
where

flow rate

time

depth of water per unit area
area

constant for unit conversion

FOl - aWie e}
nuw u o n

The quantity d/t is the supply rate presented in mil1limeters/day
in this report. The term A/q 1s referred to as water duty and at times
1s presented as acres per cusec (1.e., 40 ac/cusec).
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The statistical calculations used were the average, standard
deviation, and coefficient of variation. Also a regression analysis
was performed on some data. However, the coefficient of variation (CV)
1s the most important measure presented in this report.

To evaluate performance, a standard or reference criteria must be
selected to show how much varfation can be expected or accepted in an
frrigation system. A rule of thumb used by engineers to evaluate, and
sometimes design, systems 1s to allow + 10 percent variation from a
design value. In a discussion on maintenance of irrigation systems,
FAO (1982) states that a 10-20 percent reduction in absolute efficiency
with respect to the design 1s normally acceptable before maintenance is

required.

For the purposes of this report, a value for the coefficient of
varfation of 0.15 or less was considered good. This states that the
ratio between the standard deviation of the supply rate and the mean
supply rate is 15 percent for the sample. Values greater than 0.15
were judged as indicatfons of areas where improvements were needed.

CV is defined as equal to the standard deviation divided by the
average, where both the average and the standard deviation refer to the
sample. The coefficient of variation is dimensionless, and since it is
a relative measure of variation, CY can be used to compare among
systems. In our case, the average was the mean of the supply rate over
a time period, or over an arsa, with standard deviation a measure of
the sample's varfation from the mean supply rate.

Regression analysis can indicate a relationship between
independent and dependent variables. The relationship is determined by
selecting a model and then testing the strength of the relationship or
model. For this study, the following was selected as the model:

¥y = bxtc

The strength of the model is determined by the correlation
coefficient, which is computed from the sample data. The correlation
coetficient 1s usually designated as r2,

To determine the water requirement for the system and for the
command area of each measurement point, the following equation was
calculated:

ET + losses - inflow

Requirement

where

losses (on-farm losses) + (main system losses)

inflows rainfall + other inflows to the system

To determine on-farm losses, the on-farm system must be evaluated.
The on-farm section of this report presents the calculations for
relative water supply and water use efficiency.

11



For the main system losses, information on conveyance losses in
the system's channels was needed. Unfortunately, the main system
engineering team did not directly measure conveyance losses. However,
some data collected could be used to estimate conveyance losses on the
system. Due to time 1imitations, these calculations were not
performed,

When discussing main system losses, some idea of operational
losses to be expected 1s needed. Operational losses include those due
to channel filling, and losses due to closing the sluices and
the subsequent loss of water in the channel. While these losses could
have been estimated, 1t was decided to evaluate the supply rate data
directly, without guessing on the other factors. Therefore, the
discussion that follows in the results section of the main system
engineering report presents an evaluation of supply rates on the system
compared to evapotranspiration for rice.

. Problems, Limitations and Strengths

To develop a good understanding of the Kaudulla system operation,
more physical and management data should have been collected and
analyzed. For example, the physical condition of the hydraulic
structures within the system needed to be evaluated. Unfortunately,
although the study called for structural evaluation, the task was not
completed. Also needed was some insight into the management
decision-making process; for example, determining what the rationale
was for establishing the rotation schedule.

On the positive side, much data was collected, which should
provide a good database for system managers to make appropriate
improvements. In addition, personnel assigned to the project gained
some valuable training and knowledge about the operation of their
system. As an example, the staff gauges instailed for the diagnostic
analysis are now used in some areas to help operate the system. The
next step is to use the gauges as a monitoring or management tool.

3. RESULTS AND DISCUSSION

The data analysis that follows is devoted to establising the
performance of the Kaudulla Scheme by discussing adequacy,
dependability and equity.

a. Adequacy

Rice 1s the major crop grown on the Kaudulla Scheme. Figure 3 and
Appendix A present daily rates for rice evapotranspiration (ET) for
Kaudulla Scheme,

Stage I. A comparison of Figures 3 and 4 seems to indicate that
the supply from the sluice could adequately meet evapotranspiration
rates. As an example, Table 1 11lustrates the evapotranspiration rate
and supply rate for various days.

12
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Table 1. Example evapotranspiration and supply rates for
Stage I, Kaudulla (Polonnaruwa District), 1986

yala.
Julian Rice Weekly Average Adequacy
Day ET Supply (supply/ET)
(mm/ day) (mm/ day) _(mm/day)

165 8.4 18.6 2.2

186 10.1 18.8 1.86
207 9.0 18.7 2.08
228 7.8 8.4 1.08

In the four cases shown in Table 1, adequacy is greater than 1,
which indicates more than adequate supply. However, 1f losses in the
system are added to ET, or a 50 percent system efficiency is assumed,
then the supply 1s close to being inadequate and probably is inadequate
at times. (An overall system efficiency of 50 percent may be
considered good for many surface irrigation systems,)

The weekly average supply varied from a high of 48.4 mm/day to a
Tow of 0.0 mm/day. Figure 5 und Table 1 (Appendix B) show the supply
rate versus distance from the sluice for Stage I. Each bar in the

figure represents the average daily supply to a channel. The average
35 ]
//
%
30 s
/
25 - . %
. g /s
g '//1 by
N, 20 - s
E 57 v v
'E. 15 o //; // L/ V
& o A A . VAV AV
L /' / / V r'/ / o/
% //1 / j; V/% //A' % —
4 4 7 g
I AL 7%
/ //, ’ /, , r',/ ¥
VArArArAl, g AV 7
s AL Ay 1 o
" VAV AV b
AVr slg19|2191 151012
4 v’ g 1 ’
Q T Y T “ /I/ T T T “ F.I_/l T T T Kﬁ '/ 4 '/
[} 300 10350 10830 18270 20140 22720 37140 39800 40640

Distance (fect)
7] Gaiy avg. sueply

Figure 5. Kaudulla Stage I -- average supply rate versus distance,

1986 yala.

14



daily evapotranspiration rate for the period of study was approximately
9 mm/day when percolation and seepage losses at the field level were
included. If the overall efficiency of the irrigation system is
assumed to be 50 percent (typical of an adequate surface delivery
frrigation system), the water supply requirement becomes approximately
13.5 mm/day. When this requirement was used to evaluate adequacy, only
6 of 18 channels met the water supply requircaent.

Note that the water supply rates were calculated using acreage
figures that are probably under-estimates of irrigated area.
Therefore, true water supply rates were probably lower than those
calculated in this analysis.,

Stage II. Figure 6 shows the water supply hydrograph for the
Stage II sluice of Kaudulla. A comparison of Figures 3 and 6 seems to
fndicate that the supply from the sluice 1s not adequate to meet
evapotranspiration rates. As an example Table 2 is prassented.

A17 four adequacy ratings are close to 1. If losses or an overall
system efficiency of 50 percent are applied to the evapotranspiration
rate, then the system cannot adequately meet water requirements. For
20 of the channels measured on julfan day 172 (21 June), the average
weekly supply rate was 12.7 mm/day with a CV of 0.37. Other days show
similar patterns. Assuming a water supply requirement of 13.5 mm/day
{as approximated above) only 14 of the 36 channels studied received an
adequate average weekly water supply for 1986 yala.
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Table 2. Example evapotranspiration and supply rates for
Stage II, Kaudulla, 1986 yala.

Julian Rice Weekly Average Adequacy
Day ET Supply (supply/ET)
(mm/day) (mm/day) (mm/day)
165 8.4 7.6 0.9
186 10.1 13.9 1.4
207 9.0 11.9 1.3
228 7.8 8.4 1.1

b. Dependability

Stage I. Figures 7 to 11 are the water supply hydrographs for
several channels in Stage I. The graphs show the variatiocn in supply
rate with time. The plus signs near the bottom of the graphs indicate
days when the rotation was to be "on." Apparently, supplies fluctuated
widely. The rotation schedule partly contributed to the fluctuations.
Note that the "peak" heights varied greatly during the study period,
The variation in peaks indicates an undependable water supply.

The weekly average supply rates are the more meaningful values of
supply to analyze since the week corresponds to a rotation. The daily
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rates vary also, but the daily variation is compounded by the zero or
decreased supplies on the "off" rotation days.

Review of the Stage I hydrographs indicates a poor adherence to
the rotation schedule. Therefore: the main channel has an almost
continuous flow, although the flow decreases during the "of f" periods
of the rotation.

Review of Figures 9-11, which are supply hydrographs for three
D-channels on the Kaudulla Scheme, Stage I, indicate undependable water
supplies. Judging from the hydrographs, farmers would have a difficult
time predicting when their D-channels would provide water.

Stage II. The water supply hydrographs for the sluice and other
channels in the Kaudulla Scheme, Stage II, are shown in Figures 6 and
12 to 14. It is immediately apparent that there are wide fluctuations
in supply rate. Part of the fluctuation is caused by the rotation.
As 1n Stage I, the "peak" heights are erratic.

The variation 1n peak hefghts becomes greater towards the tail of
the system. Figure 14, which depicts the supply rate from a channel at
the tail of Stage II, shows the erratic nature of the peak heights.

The implication 1s that supplies become more erratic towards the end of
the system. Variation with distance is discussed 1n more detail in the
equity subsection of this report.
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Figure 12. Kaudulla Stage II ~-- supply to D1, tract 2 (1986 yala).
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Judging from Figure 6, a rotatfon was followed at the sluice and
along the main canal. The D-channels also seemed tu follow the
rotation 1n most cases. However, the rotation did not correspond to
the Irrigation Department's reported rotation schedule, which is
displayed with plus signs along the horizontal axis of the graph.
Whetter this rotation was due to farmer tampering or Irrigation
Department sanction was not known when this report was written.

c. Equity

Equity may be the most controversial of the parameters. The only
fntent here {s to quantify the distribution of water supplies over the
system. However, an assumption was made that D-channels and field
channels, and subsequently, farmers, receive proportional allocations
of water based on area. This assumption 1s probably valid given that
the Kaudulla Scheme {s essentially a one-crop system., The problem as
stated above is to accurately and fairly determine commandable area.

stage I. An examination of Figure 5 shows a large amount of
variation 1n supply over the system. The CV of the weekly average
supply was calculated and plotted against distance in Figure 15. The
graph shows a wide varfation in CV over the system, but indicates no
pattern to the variation. The CVs for the channel supply rates of
Stage I range from 0.23 to 0.65, with the average system CV equal to
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0.36. The above indicates that there 1s inequity in the system, but no
pattern to the inequity (i.e., no head to tail differences).

Although no pattern of supply rates (i.e., head and tail
differences) were apparent, regression analyses wers performed to test
for relationships between supply rates and distance from the sluice
gate. The regressions performed are tabulated 1n Table 1 (Appendix
C) for Stage I. Four regressions were performed: weekly average
supply versus distance, coefficient of variation for average weekly
supply versus distance, coefficient of variation for average daily
suppiy versus distance, and the standard deviation of the average
weekly supply versus distance. The rZ value presented in each quadrant
of the table is small. The rZ indicates the strength of the
reiationship tested. In this case, the rZ confirms that there was no
apparent pattern to the variations in supply.

Stage I]. Review of Figures 16 and 17 -- which represent the
variation in daily supply with distance and the coefficient of
variation in weekly average supply, respectively -- show wide
variations, but no consistent pattern.

Tables 1 and 2 (Appendix B) show a range of CVs from 0.06 to 1.47
with 0.40 being the average system-wide CV for the weekly average
supply rate,
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Table 2 (Appendix C) presents the regression analyses for Stage
II. The same cases were tested as in Stage I. The r2 values in the
four quadrants of the table are all low, which indicates no pattern of
Tnequity, although supply varied throughout the system,

4. CONCLUSIONS AND RECOMMENDATIONS

The average weekly supply to both stages of the Kaudulla Scheme
was 12,5 mm/day. The average daily evapotranspiration rate for rice in
the Polonnaruwa region was 7.92 mm/day. Therefore, the supply rate of
the system appeared to be adequate to meet crop water requirements,
glven the acreage figures presented by the Irrigation Department.
However, 1if higher acreage figures were used and system losses were
added, the water supply would be inadequate. Even 1f losses were added
to the evapotranspiration rate, though, the system could probably still
handle 1ncreased demand by extending the rotation. The factors which
constraln extended rotation are the Kaudulla Tank's storage capacity
and undespendable replenishment flows from the Mahaweli River via
Minneriya Scheme.

On neither of the two stages was the rotation implemented
completely. On Stage I, the flow was almost continuous with periodic
reductions. Stage II was operated with an "on-off" arrangement, but
the period of rotation was not consistent.

23



Inconsistent rotations influence dependability and equity in a
system. Data indicate high amounts of varfation in supply rates among
the D-channels and within the D-channels of Kaudulla. These variations
show supplies as being unaependable and inequitable over the system.

Although the Kaudulla Scheme seemed able to meet the crop water
requirement, the concept of the rotation should be examined. While
implementing the rotation from the sluice is simple, this type of
rotation is highly inefficient. Operational losses are high, and tail
D-channels can experience highly erratic flow rates.
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B. ON-FARM ENGINEERING
1. INTRODUCTION

If irrigation water use is to be improved in Sri Lanka, the water
delivery system and the on~farm irrigation system must be viewed as an
Integrated whole. To take full advantage of water supplied, farm
irrigation systems need to be preoperly designed, and farmers must be
helped to improve their skills of irrigation scheduling and water
application. Cood water management on the farm requirss that a
dependable supply be available to irrigators when they need it and in
the amount they need. If the on-farm water delivery system fcils to
meet this requirement, it imposes constraints that hinder agricultural
production.

Existing on-farm irrigation systems can be evaluated by studying
their performance in the field. After defining system boundaries,
measurem<nts of system parameters are made. When the field data are
summarized and analyzed, they provide descriptive information on the
system as 1t exists and operates in the field. However, the adequacy
of the system cannot be appraised unless system objectives have been
clearly defined. With system objectives 1n mind, the investigator can
initially identify the primary problems that might be preventing the
objectives from being met. This diagnostic analysis of the system is a
prerequisite to considering alternatives for system renovation.

a. Objective of On~-Farm Water Delivery

The purpose of any scheme of irrigated agriculture is to produce a
bountiful harvest for the benefit of man -- the farm family and the
wider market 1t serves. An on-farm water delivery system serves this
purpose by supplying the required amount of water at the appropriate
rate, at the appropriate time, and at the appropriate place. This
Implies several cbjectives for the system.

The first objective 1s adequacy: the flow must be the needed
amount delivered at the right rate and at the right time. The flow
rate must be Targe enough to deliver the water required by the crops
during the time available for irrigation. The amount of water needed
in an frrigation system varies with location and time as a functicn of
crop type, stage of crop growth, soll properties, climatic conditions,
and other factors. If the water supply is inadequate, crops may suffer
stress, resulting in unacceptable reduction in crop ylelds.

A second objective of the on-farm water delivery system is equity.
The spatial variance of water deliveries along the canal network should
be minimized so that each 1rrigator receives a fair share.

Efficiency is a third objective of the system. In a region 1ike
the Dry Zone of Sri Lanka, where water at times limits production,
Trrigation should be practiced in a manner that conserves valuable
water resources.
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Reliability, the fourth objective, is closely related to the first
two. Reliability means that water is delivered to farms in a quantity
and on a schedule that are pre-set and known by farmers and system
operators. It has been argued that this objective is the most
important, for without reliability the farmer cannot plan his
irrigations intelligently and use the water effectively. Also, an
unreliable water supply hinders other critical farming practices
(cultivation and application of fertilizers and herbicides, among
others) which must be scheduled around or in conjunction with
jrrigations.

2, METHODOLOGY

The following sections of this report describe the procedures,
results and conclusions of a diagnostic analysis of on-farm water
delivery in the Kaudulla Scheme in Polonnaruwa District of Sri Lanka.
The aims of this study were to derive indicators of system performance
from field data, use these indicators to evaluate the system in light
of 1ts objectives, and 1dentify any major problems in the system along
w#ith the factors contributing to those problems. The performance
indicators selected for this study were associated with the four
objectives of the on-farm water delivery system mentioned above. Table
3 lists these objectives along with the field data required, as
discussed below.

The relative water supply (RWS) was used to indicate how well the
system met the objective of providing an adequate water supply.
Relative water supply was defined as the ratio of water supplied to
water required:

RWS = IR/(ET + S + P - RN)

where

IR = irrigation water delivered (L3),

ET = evapotranspiration of the crop (L3),

S = lateral seepage flow across the boundaries
surrounding the command area to adjacent sites
and seepage from field cenveyance channels (L3),

P = subsurface percolation to groundwater (L3), and

RN = effective rainfall (L3).

In submergence agriculture, where the soil profile 1s maintained
at or near saturated conditions, seepage and percolation losses are
considered unavoidable and, hence, a part of the water requirement.
When the value of RWS was less than 1.0 for any given time period, the
water delivery during that time period was considersd inadequate.

Equity was evaluated by studying the spatial distribution of water
supply relative to water requirements within a network. A suitable
performance indicator 1s the spatial coefficient of variation
(CV(RX)pys) 1n RWS over the domain of a distributary canal network
defined as:

CV(X)Rws = STD(?)Rws/MEAN(SZ)RWS
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Table 3,

Objectives of the on-farm water delivery system, associated

performance indicators, and field data required tor
determination,

System Objectives

Performance Indicators

Data Required

Adequacy

Equity

Efficiency

Reliability

Relative water supply (RWS)
(ratio of water supplied to
water required).

Coefficient of variation
between delivery points
within a network.

Trends in spatial varia-
bility (dependence on
position of delivery points
along network).

Water use efficiency (WUE)
{ratio of water required to
water supplied).

Coefflcient of variation in
RWS over time at delivery
points.

Amount of water
required; (evapo-
transpiration +
losses - rain-
fall); Amount of
of water supplied.

Spatial distribu-
tion of amount of
water required and
amount of water
supplied.

Amount of water
required; (evapo-
transpiration +
losses = rain-
fall); Amount of
water supplied.

Temporal distribu-
tion of amount of
water required and
amount of water
suppliied.

where

STD(%) rys

MEAN(?()RWS

sample standard deviation of the

distribution of RWS at delivery points
within a distributary canal network.

sample mean of the distribution of RWS

at delivery points within a distributary

canal network, and

X indicates that the sample was taken over points in space at a given

point 1n time.

The coefficient of variation i1s a dimensionless quantity that is

normalized relative to the mean value of the observations.
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was a suitable measure for comparing the spatial variability occurring
at different points in time or in different canal systems.

A distributary canal network that meets water requirements with
perfect equity would have a value of CV(R)gys equal to 0. The higher
the value of CV(RX)gys for any period of time, the higher the spatial
variability, and hence the inequity, in water delivery.

Spatial variability in on-farm water delivery often exhibits
trends within a distributary canal network. That is, the degree to
which the water requirement i1s met at a given delivery point may depend
on the location of that delivery point within the canal network. An
indication of such trends may be obtained by comparing the values of
RWS over an irrigation season at delivery points located upstream in a
system (at the head of the canal or farm channels) with the values at
points located downstream (at the tail of the canal ecr farm channel).

The performance indicator to use to assess the efficiency of the
on-farm water delivery is water use efficiency (WUE). This parameter
{s commonly used to evaluate lowland flooded paddy and {s defined as:

WUE = (ET+ S + P - RN)/IR

The term expresses the ratio of system output (in this case,
useful water consumed as crop evapotranspiration and unavoidable
losses, adjusted by rainfall supply) to system input (irrigation water
supplied). Hence, the higher the value of WUE is, the more efficiently
the system supplies the water demand. In cases where the water
delivered was insufficient to meet the requirement, the WUE was
assigned a value of 1.0.

A measure of system reliability is the coefficient of variation
(CV(TIRws) 1n the relative water supply over time at a given point in
the system:

CV(BIrws = STD(T)pys/MEAN(E)Rys
where
STD(f)gys = sample standard deviation of RWS over
observations made at several points 1in
time,
MEAN(E)gys = sample mean of RWS at a given delivery

point 1n the system made at several
points in time, and

T indicates that the sample was taken over time at a given point 1in
space.

At a given location in the system, if the amount of water supplied
relative to the amount required is consistent over time, the value of
CV(T)gys will be 0. In this case, the system performance may be
considered reliable (although not necessarily adequate) since the
farmer knows what to expect in terms of relative water supply.
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Accordingly, the higher the value of CV(T)Rws, the more temporally
variable, and hence unreliable, the relative water supply.

To calculate each of the performance indicators defined above,
data were collected on the timing and amount of water required and the
water supplied at a sample set of delivery points at the farm Jevel
within Kaudulla Scheme. The ratfonale and methods employed are briefly
discussed in this section.

a. Site selection

To evaluate farm water delivery, data were collected at the head
of selected field channels and at the turnouts to selected farm
allotments. Data were collected at delivery points along three
distributary canals within Stage I of Kaudulla Scheme (D1, tract 1,
near the head of the system; D8, tract 4, at the middle of the system;
and D1, tract 8, near the tail of the system) and along three
distributary canals within Stage II (LB main, tract 1, at the head of
the system; D1, tract 4, at the middle of the system; and D2A, tract
12, near the tail of the system). The sample set comprised 58 delivery
points (27 farm channels and 31 allotments). A map showing the general
Tocation of study sites is given in Figure 18. Appendix D 1ists and
describes the measurement sites.

The number and location of delivery points sampled were determined
by several factors. Farmer cooperation, ease of access, ease of
equipment installation, and availability of manpower and equipment.
Also, the decision was made to sample locations at the head, middle,
and tail of the distributary canals to detect suspected trends 1in
spatial variability of water supply.

b. Field mezasurements

Command Area_Suryeys. Field surveys were conducted using
theodolite surveying instruments to determine the cropped area
comnmanded by each delivery point. Areas of both paddy and other field
crops were determined i1n the surveys.

Water Requirements. Water requirements were evaluated by
determining crop evapotranspiration, seepage and percolation losses and
rainfall for each of the study sites. Since subsidiary crops were only
about 4 percent of the cultivated area in the study region, water
requirements were computed assuming all crops to be paddy.

Potential evapotranspiration (ETg) in Kaudulla Scheme was
calculated using the method of Jensen and Haise (Jensen, 1980). In
this method, ETy {s computed by the following empirically derived
equation:

ETo = Ct(T-Tx)Rs
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where

Ct = 1/(Cl + 7.3CH)

CH = 50/(e2 - el)

Tx = -2.5 -0.14(e2 - el) - (E/550)

E = elevation of site (meters)

e2 = saturation vapor pressure of water
at the mean monthly maximum air temperature
of the warmest month in the year (long term
climatic data) (mb)

el = saturation vapor pressure of water at the
mean monthly minimum temperature of the
warmest month in the year (mb)

T = mean daily temperature (Celsius)

Rs = total daily solar radiation (Langleys).

Long-term climatic data needed for determining el and e2 were
obtained from the weather station in Aralaganwila located about 48 km
southeast of Kaudulla Tank. Daily temperature and solar radiation were
measured at the Diyasenapura weather station (maintained by the
Irrigation Department) using a Datapod™ (model DP219) potential
evapotranspiration monitor., The device was fitted with a Licor'™
(model L1200S) pyranometer for measuring solar radiation and an
Omindata™ (model TP 10V) temperature probe. Readings were recorded by
the DatapodTM once every 10 minutes.

Actual crop evapotranspiration was computed from:
ET = KcETo

Where K¢ is the crop coefficient dependent on the type of crop and
Tts growth stage. For rice in the region, K. was taken as 1.15 during
the 1nitfal growth stage (approximately May 15 to July 15), 1.10 during
mid-season (approximately July 15 to August 15), and 1.00 during the
mature stage (approximately August 15 to September 15) (Doorenbos and
Pruitt, 1977).

Seepage and percolation losses from paddy fields were estimated by
conducting water balance studies in the field. The depth of standing
water was aecorded at specified time intervals in a few selected
liyaddas (small bunded subdivisions of farm allotments) around the
scheme. Cracks and crab holes 1n the ]iyadda bunds were sealed off and
the depth of water was measured by a sloping gauge -- a simple
Tnstrument made of a measuring tape fixed onto a wooden frame set at a
slope of approximately 1 vertical to 5 horizontal. Readings were taken
hourly for about 8 hours. The rate of seepage and percolation was
calculated as the difference between the observed rate of water
depletion in the liyadda and the rate of evapotranspiration calculated
for that day.

Seepage from field channels was determined from channel ponding
tests conducted at 10 selected sites. Water was impounded between two
temporary earthen dams constructed at both ends of a selected reach of
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channel, The change in water depth was measured using a sloping gauge
and recorded hourly as in the ]ivadda studies. The width of the water
surface at each depth was also recorded. The seepage rate was
calculated as the difference between the observed rate of water
depletion in the channel and the rate due to evaporation for that day.
The evaporation rate was assumed to be equal to the calculated value of
potential evapotranspiration.

Rainfall was measured by the Irrigation Department using rain
gauges located at five stations in the field: Ambagaswewa station for
tract 8, Stage I, and tract 12, Stage II; Diyasenapura station for
tract 4, Stage I; Fourth Mile Camp station for tract 4, Stage II;
Headworks station for tract 1, Stage II; and Low Level Sluice station
for tract 1, Stage I (Appendix E).

Water Deliveries. Flows at each of the delivery points were
measured using either cutthroat (4 in, 8 in, or 12 in) flumes or long-
throated (100 mm or 150 mm) flumes. Previous studies in nearby regions
Tndicated that readings twice daily would be adequate for estimating
the mean daily (24 hr) flow rates. Thus, measurements of flow depth in
the flumes were recorded at approximately 8:00 a.m. and 5:00 p.m. each
day.

The first issue of water to Stages I and II for the 1986 yala
occurred on April 20. To facilitate land preparation, water was
supplied continuously to Stage I from April 20 to May 20 and to Stage
IT from April 20 to May 25. The rotation schedule commenced on May 20
for Stage I and on May 25 for Stage II. Flow measurements were started
sometime between May 6 and May 20 at most of the sites and ended on
about August 31.

Rating equations used to calculate free and submerged flow through
the cutthroat flumes are given in Skogerboe et al. (1972). Rating
equations for lona-throated flumes, which were calibrated only for free
flow conditions, are given in Bos et al. (1984).

Physical Conditions of the Field Channels. At selected sites,
surveys were conducted to determine channel cross sections and bed
slopes. These data were collected to evaluate the conveyance
characteristics of the channels and their effect on water supply.

An attempt was made to study the roughness of the channel banks
towards the end of the season. In the calculations, bed slope of the
channel was used in place of hydraulic gradient because in the design,
uniform flow was assumed and bed slope was used 1n the Manning's
equation. Due to time 1imitations, only 4 fiela channels were studied.
Three of them gave acceptable results.

evelin Farmers. To make optimum use of water, land
should be leveled as much as possible. When the surface is uneven,
additional water 1s required to cover the high spots of the liyadda.
The evenness of ]iyadda surface achieved by the farmer is an indication
of his efficiency.

32



Data from 22 liyaddas distributed throughout the study area of
Kaudulla Scheme were used for tho analysis. Each 1iyadda was divided
by grids into approximately rectangular sections, and spot levels were
taken at the center of each grid section,

Locations of Pipe Ouflets. The pipe outlets of Kaudulla were
designed and constructed long ago. It was observed that some farmers
did not use these pipe outlets. A pipe outlet that is not correctly
located hampers the water supply to the farm. Hence, to study the
condition of pipe outlets, the elevations of canal beds and farms were
taken with respect to pipe outlets. These measurements wers made in 24
locations.,

3. RESULTS AND DISCUSSION

Fleld data were compiled and analyzed to determine the various
performance indicators of interest. In the following sections the
results are presented and discussed.

a. Relative Water Supply

Measured values of mean daily temperature and solar radiation are
glven in Appendix A. The elevation of the site was 70 m. Values of el
and e2 computed fram long-term climatic data collected at Aralaganwila
were Z3.92 mb and 35.23 mb respectively. A plot of paddy evapotranspi-
ration at Kaudulla during 198 yala is given in Figure 19. Calculated
values of ET ranged from a low of 4.95 mm/day to a high of 10.20

mm/ day .
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Figure 19. Evapotranspiration rate of paddy in Kxudulla Scheme, 1986
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Rainfall observed at each of the gauge stations in Kaudulla is
summarized 1n Appendix E. From June 1 to August 31, a total of 66.7 mm
was supplied by six rainfall events at tract 1, Stage I. Over the same
period 78.6 mm in six events (tract 4, Stage i), 15 mm in one event
(tract 8, Stage I), 174.3 mm 1in eight events (tract 1, Stage II), 111.4
mm 1n four events (tract 4, Stage II) and 15 mm in one event (tract 12,
Stage II) were observed.

Results of liyadda water balance studies conducted at five sites
to determine seepage and percolation are summarized in Table 4,
Spatial variability of seepage and percolation was expected to be
significant within the study region (coefficient of variation among the
| iyadda measurement sites was found to be 1.1). However, data were
Tnsufvicient to describe this variability on larger allotments and
field channels where delivery analysis was conducted. Thus, seepage
and percolation for the allotment and field channel command areas were
assumed uniform over the region as the mean of the | iyadda observa-
tions: 2.6 mm/day. This value was conservative compared to the value
of 5.1 mm/day adopted by the Irrigation Department of Sri Lanka for
design and cperational purposes (Irrigation Department, 1981).
Abernathy (1985) reported values for field seepage of 1.9, 0.3, 0.2,
1.1, and 2.5 mm/day for five annual water balance studies of the entire
Trrigated area at Kaudulla.

Table 4, Livadda water balance tests for seepage and percolation,
Kaudulla Scheme, yala 1986.

Depletion ET S+P¥
Site Date (mm/day) (mm/day) (mm/ day)
Dl, tract 4, Stage II Jul 28 11.1 8.3 2.8
D1, tract 4, Stage II Jul 28 15.5 8.3 7.2
D2A, tract 12, Stage II Aug 4 5.6 5.6 O**
D2A, tract 12, Stage II Aug 4 4.9 5.6 Ox*
Field channel 9, D1,
tract 4, Stage II Aug 8 8.7 5.7 3.0

*Seepage and percolation.
¥¥hen the measured depletion rate was less than the ~alculated ET, the
value of (S+P) was assumed to be zero.

Results of ponding tests conducted to determine seepage from field
channels are summarized in Table 5. Measured test parameters included
the length of the channel ~ction in which the test was conducted, the
duration of the test, the range (initial and final readings) of
observed water depth over the test duration, and the range of the
observed width of the water surface in the channel over the test
duration. Seepage from field channels at the Kaudulla site was found
to be about 0.031 (+ 0.016) m3/m/day. This was equivalent to less than
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Table 5. Ponding tests for seepage from field channels, Kaudulla Scheme, 1986 yala.

Test Parameters

Section Vater Width at Seepage
Lenath Duration Depth Water Surf. Evaporation Rate
Location Date (m) {hrs) Range {cm) Range {cm) (mm/day) (m3/m)
FC2, Tr 4, St 2* Sept 4 1.6 2 18 - 16.9 40.5 - 12.4 8.1 0.032
RCT1, Tr 4, St 2 Sept 4 1.56 2 16 - 15.3 53 - 40.8 8.1 0.034
FC3, Tr 1, St 1 Sept 5 1.64 3 13 -12.1 71.5 - 23.9 6.7 0.032
FC9, Tr 1, St 1 Sept 5 1.72 4 14 - 9.8 113 - 84 6.7 0.041
LB3, Tr 4, St 1 Sept 6 1.44 4 13.7 - 12.7 136 - 86 5.1 0.062
LB2, Tr 4, St 1 Sept 6 1.67 4 15.3 - 14.5 78 - 46 5.1 0.026
LB3, Tr 4, St 1 Sept 7 14.3 4 15.2 - 14,1 79.9 - 48.8 7.2 0.036
LB2, Tr 4, St 1 Sept 7 6.1 4 13.4 - 12.7 122 - 81.4 7.2 0.032
FC27, Tr 12, St 2 Sept 10 7.4 4 11.5 - 10.9 61.8 - 40.2 7.4 0.016
-, Tr 1, St2 Sept 20 7.8 4 12.8 - 12.7 110 - 101 8.3 0

*FC = Field channel, Tr = Tract, St = Staqge, LB = Left bank.



0.5 mm/day (over the command area) for most sites. Hence, field
channel seepage was neglected in determining command area water
requi rements.

Flume data were analyzed to determine flow hydrographs at each of
the measurement points. Observed flow rates ranged between 0 cfs and
8.06 cfs (228 L/s) at the head of farm channels, and between 0 cfs and
0.89 cfs (25 L/s) at turnouts to allotments. Example hydrographs for
two field channels and two allotments within the scheme are shown 1n
Figures 20 through 23, These graphs illustrate the variation in flow
rates that occurred over time at the given delivery point. When the
flow rates were zero indicates off periods in the rotation schedule.
Duz to Teakage of the main sluice gates, some points in the scheme had
a small supply of water available even during "off" periods.

For purposes of comparison, the design supply rates for the field
channels in Figures 20 and 21 were plotted as straight lines. The
design supply rate for Kaudulla Scheme was 1 cfs/40 ac of command area.
This flow rate was used to design the channel capacities assuming that
the total cultivated area was in lTowland paddy. The fact that the
hydrographs in Figures 20 and 21 at times rose significantly above the
design supply rate indicates the degree to which the system was
operating above design capacity. This over-capacity operation was
necessary since the system, which was designed for continuous flow, is
now operated on a rotation schedule.

Flow rates at each of the measured delivery points were converted
to command area water supply by dividing by the area of cropped land
served downstream of the measurement point. The cropped areas measured
for each of the del*very peoints are given in Appendix D. The seasonal
mean water supply millimeters/day is given in Table 6 for each of
the measured deliv .y points.

Water supply and water requirement data were simultaneously
collected only during June 1 to August 31, 1986. Relative water supply
was computed for weekly periods within this time frame by dividing
weekly average values of water supply by weekly average values of water
required. Plots of the results are given in Figures 24 through 35.
Note that 1n tract 1, Stage II, of the scheme (Figure 30), a large
rainfall event occurred during the week of July £ to July 12 causing
the water requirement to be zero. Thus, the valus of RWS was undefined
for that week for canal LB main/tract 1/Stage II.

A relative water supply of 1.0, corresponding to the required
supply. was plotted as a straight 1ine in Figures 24 through 35. At
any point in time when the value of RWS fell below this 1ine, the
supply was inadequate. Relative water supply varied considerably both
from point to point within the system and over time at any given point.
A further analysis of this variability is presented below.

The seasonal mean of RWS for each of the measurement points was
computed as the mean of all of the weekly values of RWS. The results,
summarized in Table 6 and in Figures 36 through 41, show that the
supply was 1nadequate (RWS < 1.0) at about 25 percent of the locations
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Figure 24. Relative water supply at sites 1-6 of D1, tract 1, Stage I,
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Figure 25. Relative water supply at sites 7-11 of D1, tract 1, Stage
I, Kaudulla, during 198 vyala.
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Figure 26. Relative water supply at sites 12-17 of D8, tract 4, Stage
I, Kaudulla, during 1986 yala.
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Figure 27. Relative water supply at sites 18 and 19 cf D8, tract 4,
Stage I, Kaudulla, during 1986 yala.
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Figure 28. Relative water supply at sites 20-25 of D1, tract 8, Stage
I, Kaudulla, during 1986 vala.
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Figure 29, Relative water supply at sites 26 and 27 of Dl, tract 8.
Stage I, Kaudulla, during 1986 yala.
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Figure 30. Relative water supp1y'at sites 28-33 of LB main, tract 1,
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Relative water supply at sites 34-36 of LB main, tract 1,
Stage II, Kaudulla, during 1986 yala.
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Figure 32. Relative water supply at sites 37-42 of D1, tract 4, Stage
II, Kaudulla, during 1986 yalg.
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Figure 33. Relative water supply at sites 43-48 of D1, tract 4, Stage
II, Kaudulla, during 1986 yala.
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Relative water supply at sites 49-54 of D2A, tract 12,
Stage II, Kaudulla, during 1986 yala.
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Stage II, Kaudulla, during 1986 yala.
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Table 6. Statistics of seasonal water supply for Kaudulla Scheme,

1986 yala.
Mean WS

Measurement Supply Mean
Site (mm/day) Mean CyY(f) WUE
1 7.39 0.86 0.64 0.94
2 7.45 0.73 0.28 1.00
3 17.19 1.69 0.33 0.64
4 14,67 1.53 0.28 0,70
5 13.24 1.33 0.28 0.75
6 26,78 2.72 0.31 0.42
7 9.45 0.98 0 .35 0.90
8 44,73 4.33 0.46 0.30
9 3.72 0.36 0.68 1.00
10 6.64 0.81 1.12 0.91
11 4,97 0.47 0.64 1.00
12 19.43 2.32 0.52 0.52
13 11.05 1.17 0.50 0.82
14 10.66 1.25 0.56 0.80
15 5.86 0.64 0 .55 0.97
16 7.00 0.83 0.69 0.94
17 10.04 1.11 0.62 0.84
18 0.23 0.02 2.67 1.00
19 12,32 1.34 0.59 0.76
20 25.22 2.38 0.84 0.64
21 20.92 1.98 0.71 0.58
22 28.71 2.70 0.48 0.46
23 27.87 2.72 0.40 0.44
24 6.81 0.64 0.3¢ 1.00
25 8.26 0.79 0 .43 0.94
26 14.47 1.37 1.02 0.80
27 35.84 3.39 0.64 0.44
28 29,64 3.64 0.86 0.42
29 10.21 1.40 0.98 0.84
30 8.62 1.16 0.79 0.89
31 7.93 1.00 0.70 0.93
32 15.27 1.58 0.35 0.70
33 9,72 1.42 1.19 0.84
34 21.28 2.65 0.68 0.52
35 12.60 1.54 0.74 0.74
36 26.16 3.11 0.57 0.37
37 14.68 1.66 0.36 0.67
38 20.88 2.75 0.61 0.49
39 11.29 1.33 0.50 0.78
40 25.62 3.10 0.45 0.37
41 28.41 3.50 0.50 0.35
42 18.72 2.29 0.44 0.51
43 9.98 1.30 1.04 0.84
44 16.82 2.19 0.66 0.60
45 27.04 3.48 0.69 0.35
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Table 6. {(Continuad)

Mean RWS

Measurement Supply Mean
Site (mm/day) Mean CY(%) WUE
46 13.96 1.85 0.90 0.70
47 38.69 4,52 G.55 0.28
48 7.86 0.99 0.56 0.91
49 23.54 2.28 0.34 0.48
50 22.35 2,14 0.51 0.57
51 22.68 2.22 0.50 0.57
52 11.06 1.05 0.54 0.90
53 4,44 0.43 0.30 1.00
54 6.68 0.64 0.68 0.96
55 7.42 0.73 0.58 0.95
56 40.59 3.97 0.39 0.29
57 7.85 0.78 0.95 0.91

58 -

measured. Water supply was severely inadequate (RWS < 0.8) at about 20
percent of the measurement points. When crops suffer this degree of
water shortage, yield reductions usually occur. However, the magnitude
of the reductions depends on other agricultural practices and the stage
of crop growth,

b. Spatial Yariability of Delivery

Coefficient of Varfation in RWS. Values of CV(X)rws were computed
for weekly time periods and plotted in Figures 42 through 47 for each
of the distributary canals. The 1inas plotted in these figures give
the values of CV(X)gys over time for a particular distributary channel.
The range of values is given in Table 7.

A variability of + 10 percent from the spatial indicated that
relative water supply was considered acceptable in this analysis.
Results showed in ail cases that the spatial variability in RWS
significantly exceeded this allowance (i.e., CV(X)gys > 0.10) along
each of the distributary canals throughout 1986 yala. These high
values for CV(X)gys meant that all points in the system were not
recelving the same relative supply of water within an acceptable margin
of variability. Hence, the water supply was not equitable throughout
the system.

Trends in Variability. A study of Figures 36 through 41 did not
clearly indicate the existence of any spatial pattern or trend in the
relative water supply. For instance, a field channel located near the
tail of D1, tract 1, Stage I, had a RWS of about 4.3, while a field
channel at the head of the same canal had a RWS of only 0.85. On the
other hand, another field channel near the end of Dl, tract 1, Stage I,
had a similarly Tow RWS of about 0.80. On canal Dl, tract 4, Stage II,
all of the measured points at the head and at the tail received
adequate water.

52



Table 7. Range in coefficient of variation in relative water supply
over time for study sites in Kaudulla Scheme, 1986 yala.

Site CV{X)Rys
Stage I

Dl, tract 1 0.34-1.05
D8, tract 4 0.53-0.83
Dl, tract 8 0.53-1.20
stage 11

LB main, tract 1 0.41-0.80
D2A, tract 12 0.60~1.02

Abernethy (1985) reported that tracts at the tail of Kaudulla
Scheme appeared to have a higher temporal variability of water
delivery, but did not sufrer from water shortages. In the diagnostic
analysis, it was observed that 45 percent of the points measured on
Canal D2A, tract 12, Stage II, located at the tail of the scheme, had
inadequate water. However, in general the results do not show
shortages to be characteristically unique to the end reaches of the
system.

Water Use Efficiency. Values of seasonai mean water use
efficiency computed for each of the observation points are given in
Table 6. Values ranged from 0.28 to 1.0, and for about 60 percent of
the sites they were relatively high (> 0.70). However, at many of
these sites, high efficiency was gained at the expense of inadequate
supply to meet the water requirements. At the remaining 40 percent of
the sites, a considerable amount of water was lost apparently by
surface runoff. Large surface runoff losses were also noted by
Abernethy (1985).

In addition to the above, the degree of levelness of farms was
also studied. For each liyadda, the range of levels (difference
between maximum and minimum Tevels) and the area of the level
differences were calculated. The mean excess heights varied from 0.04
ft to 0.29 ft. The minimum mean excess depth of 0.04 ft occurred in
one liyadda in Kaudulla Scheme (Table 8).

seasonal Variability of Water Supply. Values of CV(E)pys computed
over weekly values of RWS are summarized in Table 6. Values were
considered excessive when they were outside an acceptable range of
variability of + 10 percent from the mean (i.e., CV(%), 5 > 0.10).
Values were relatively high (> 0.10) for each of the points of
observation, indicating significant temporal varfability in relative
water supply in Kaudulla Scheme. This variability constituted poor
system reliability since farmers could not expect a consistent level of
water supply.
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Table 8. Mean excess heights and frequency of occurrence in

Kaudulla study liyaddas, 1986 yala.

Range of Mean Excess Hejghts (ft)

Liyadda 0.0~ 0.05- 0.10- 0.15- 0.20- 0.25-
Sizes (ftZ) Q.05 0.10 0,15 0,20 0.25 0.30
<3000 1 5 2 2 1 1
3000-6000 0 6 1 1 0 0
6000-9000 0 0 1 1 0 0
%000-over 0 0 0 0 0 0

c. Channel Conveyance Characteristics

Data on channel cross sections and bed slopes indicated that
channel conveyance charactzsristics differed significantly from the
design profiles given by the Irrigation Department (198l). In many
cases, bed widths were larger and channel slopes were steeper than
originally designed. The most frequently found adverse physical
features of the fleld channels are identified and tabulated in Table 9
in order to identify their effect on adequacy and equity.

Studies were conducted on five field channels for roughness. Four
field channels gave reliable results. The estimated values of
Manning's 'n' are given in Table 10. However, further studies on canal
roughness and other flow control characteristics are recommended, as
they would be useful 1in future consideration of system rehabilitation.

Note that the channels selected in this study for water supply
measurement had relatively steep slopes since such conditions
facilitated the setting of the flumes under free flow conditions.

The pipe outlet elevations seem to vary considerably with respect
to both the farm and the channel bed. The results are given in Table
11, and the implications are discussed in the on-farm engineering
results.

4. CONCLUSIONS: SYSTEM PERFORMANCE, PROBLEMS, AND
CONTRIBUTING FACTORS

a. Adequacy
This study revealed that many points in Kaudulla Scheme received
Tnadequate water supply from the delivery system. There seemed to te
several inter-related factors that contributed to this problem.
The canal network in Kaudulla apparently was designed to deliver
water continuously. However, in 1986 yala the system operated on a
rotatfon schedule in which most distributary canals received water 4
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Table 9. The relationship between water supply and physical features
of the canals on Kaudulla, 1986 yala.

“Jeld Gradient Adverse Feature Seasonal Mean RWS*¥ CVy#en
Channel {Bed slope) Present* Intake Head Middle Tail Intake Head WiddTe Tail
Stage [ Trl
] NA a, e 0.86 0.73 1.69 0.64 0.28 0.33
FC9 C. 0006 e, t 1.53 0.28
FC10A NA t 1.33 0.28
FC37 NA e, 9 2.72 0.31
FC38 C.0026 c, g J.96 4.33 0.36 0.35 0.46 0.68
FC36{tail) 0.81 0.47 1.12 0.64
Stage | Trd
LB 0.0009 c, e, f 2.32 1.17 1.25 0.52 0.50 0.56
L83 0.0024 a, c, e, f 0.64 . 0.55
LBS 0.007 a, d 0.83 1.1 0.02 0.69 0.62 2.67
LB? G. 0023 a 1.34 0.59
Stage 1 Tr8
FCT 0.0024 a, d, e 2.38 1.98 2.7 0.84 0.Nn 0.48
FC10 0.00018 b, c, e 2.72% s 0.40
Fcn 0.00065 c, e 0.64 0.39
FC16 0.00045 e 0.79 1.37 3.39 C.43 1.02 0.64
Staqe [] Trl
TFC3 0.0089 a, d, e, q 1.16 1.00 1.58 0.79 0.70 0.35
FC4 0.01 a, €, q 1.42 1.19
FC7 0.00019 b, ¢, e, f 2.65 1.54 0.68 0.74
Stage Il Tr4
_—F%L 0.0039 a, ¢, e, g 1.66 1.33 2.75 0.36 0.50 0.61
FC1(tail)  0.0023 a, e, f 3.10 0.45
FC9 0.0006 c, f 3.5 2.29 1.3 0.50 0.44 1.04
Fc21 0.005 d, e 2.19 0.66
Fc17 0.004 a, g 3.48 1.85 4.52 0.69 0.90 0.55
FC23 0.0014 a, e 0.9¢ 0.56
Stage [1 Tri2
2 0.00N a 2.28 2.14 2.22 0.34 0.51 0.5
FC26 0.0044 a, 4 1.05 n.e64 0.73 0.54 0.68 0.58
Fc27 0.0037 c, e, g 0.43 0.30
FC25 neqative c, e 3.97 0.78 0.39 0.95
0.0029

Average canal bed slope larqger than specified.
Average canal bed slope <maller than specified.
Average canal bed slope larqer in the tail region.
Average cana) bed slope larger in the head region.
Canal bed and canal bunds uneven.
Canal bed rises above intake sill level
Sub-field channel

**RWS = Relative water supply.

***CY = Coefficient of variation over time.
*##42 .72 becomes 1.95 when uncommanded areas are included.

[ T TR TR TR TR 1]
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Table 10. Summary of roughness coefficients (Manning's n) for Kaudulla
study sites. 1986 yala.

Eield Channe] Rel, Slope Manning's n Discharge (¢fs)
10/Stage I/tract 4 0.00195 0.044 0.60
7/Stage II/tract 1 0.00095 0.0293 3.75
1/Stage II/tract 1 0.00113 0.0538 2.80

Table 11. Elevations of field channel bed and farm with respect to
farm pipe outlet silii, Kaudulla, 1986 yala.

Field Allotment FC Bed Elev. (ft) Farm Elev, (ft)
Channe] Above Below Above Below
Stage I, tract 1
3 1 0.06 0.06
2 0.00 0.03
36 1 0.23 0.90
2 0.26 0.34
38 1 0.17 0.80
2 0.00 1.10
9 1 0.08 0.58
2 0.02 0.42
10A 1 0.04 0.77
2 0.02 0.17
3 1.99 1.35
Stage I, tract 4
LB7 1 0.05 0.00
2
LBS 1 1.00 0.93
2 0.95 0.93
LBl 1 0.75 1.10
2 0.05 0.20
stage I, tract 8
1 1 0.10 0.68
10 1 0.08 1.50
2 0.20 0.09
11 1 0.11 2.04
2 0.04 0.06
Stage II, tract 1
1 1 0.00 1.19
2 0.00 1.29
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days/week. Since the duration of water supply was reduced by a factor
of 4/7, the flow rates must be increased by a factor of 7/4 over those
required for a continuous flow system. This would require
correspondingly larger carrying capacities in the canals and field
channels than were originally designed.

In some parts of the system, increased fiow did not pose a serious
problem since adequate freeboard existed in the original design and
since, 1n many instances, channel cross-sections and bed clopes have
increased over time. However, where channel cross-sections nave
deterforated due to sloughing banks, silting and deposition,; and
uncontrolled growth of weeds and aquatic plants, the problem of low
capacity was compounded and adequate flows could not be delivered.

Longitudinal sections of some field chanrels show that the channel
bed rises to an elevation above the offtake sill immediately after the
of f*ike due to silt deposition. The silt deposition is a 1ikely result
of reduced flow velocity due to expansion immediately after the
of ftake. The change in elevation reduces the of ftake discharge because
the effective head in the distributary channel is reduced.

Some of the field channels selected for the study were sub-field
channels, most of which branched off at a right angle to the parent
field channel. Hence, the supply to the sub-field channel depended on
the availability of a regulating structure in the parent field channel.
Most sub-field channels had comparatively lower relative water supply.
The lack of regulating structures probably contributed to this.

Similarly, the condition of the regulating structures in the
distributary channels affected the flow into the field channels. A
comparison of LP0l4 and LP016, which take of f fram the same
distributary channel and have more or less identical conditions at the
Tntake, demonstrates this effect. Although LPO16 was downstream of
LPOl4, the former had a greater R¥S. This is because a well-
functioning drop structure to regulate the flow was present downstream
of LPO16.

The Manning's n values calculated are considerably higher than the
values assumed in the design. However, further study on the subject {s
suggested. It was observed that some of the channel beds and bunds
were uneven. This reduces the channel capacities and results in
wastage of water.

There are other possible causes of inadequacy. Unauthorized 1and
cultivation has fncreased over the last several years resulting in a
total command area that was about 4 percent to 7 percent greater than
that for which the system was designed to serve (Abernethy, 1985).
There were inadequate hydraulic structures for controlling and
monitoring the distribution of flows within the system. Canal banks
leaked heavily in some places due to heavy vehicular traffic. Also,
there was no explicit operational agenda hy which farmers and
Trrigation of ficials were organized to manage the allocation of flows.
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Although water supplies were inadequate at several points in the
system, farmers often acquired the water they needed from drains, from
runoff from adjacent allotments outside the command area, or from
111egal extraction of water from the distiributary canals.

The estimate for seepage and percolation from paddy lands
constitutes what 1s, psrhaps, the largest source of error in the
determining field water requirements. Since the spatial variability of
this phenomenon {s significant and may make up a largs part of the
total water requirement at any given site, more research needs to be
conducted in 1ts determination.

b. Equity

There was a fairly high degree of spatial variability in the water
supply, with some points receiving excess water and others suffering
from severe shortages. This fnequity did rot appear to foliow the
often observed pattern where field channels near the head of the system
receive more water than those near the tail.

The bed slopes of field channals varied in magnitude by a
considerable amount. The variation was not only between field
channels, but within the field channel 1tself. Some of the field
channels showed very high gradients, probably due to poor maintenance
of channel structures. Some had very mild slopes, which were evident
1n channels with no structures for a considerable length.

Within the field channel itself, variation of the bed slope was
observed. In some cases, the slope at the tail region was higher than
that at the head. This might contribute to the farmer at the head
getting a higher supply.

The pipe outlets seemed to be located at varying elevations with
respect to the channel bed and farm surface. Sometimes the farm saeme
to be at a higher elevation than both the pipe outlet and the channel
bed. These farms experienced water shortages, and many farmers
resorted to 1111cit tapping at a more convenient location on the
channel. Illicit tapping affects the water control and, subsequently,
the equity of water distribution.

There are several other factors which influence equity of water
distribution: 1nadequate water measuring structures, unauthorized
placement of temporary dams and obstructions in channels to control
water Tevels, inadequate cooperation among farmers for scheduling
irrigations along field channels, and 111legal extraction of water from
the system.

c. Efficiency

Overall, the water use efficiency was fairly high. This was due
1n a large part to inadequate water supply. However, at several points
1n the system the water use efficiency was quite low, indicating loss
to surface runoff. These losses were, to some extent, a consequence of
the spatial varfability in water supply since some points in the system
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received more water than needed. Much of the runoff water was reused
from drains by less fortunate farmers, but not without exacting a cost
of time and Jabor.

The results of the study of farmer's land leveling show that there
was no significant relationship between the mean excess heights and
liyadda sizes. The most and the least degrees of evenness were
achieved within the same range of liyadda sizes. However, mean excess
heights as Tow as 0.04 ft have been achieved, and a significant number
of farmers have achieved less than 0.1 ft of mean axcess height. The
distribution of excess heights through liyaddas show that there is no
appreciable gradient across 1iyaddas. Farmers! land level ing could be
Improved further, which would result in water savings and improved
water use efficiency.

d. Reliability

The high values of CV(E¥)pys observed in the system revealed
gignificant temporal variability and thereby, poor reliability, of
water supply. Such a condition was probably due in part to the
unscheculed accommodations of extra water supply made by the Irrigation
Department to some parts of the system and to a lack of scheduling
along field channels. Also, as with inequity, the structural and
operational facilities required for precise flow control were not in
place.

In Kaudulla Scheme, the rotation was implemented directly from the
head slufce. Trying to accommodate for local deficiency on the system
by adjusting the head sluice i1s difficult because the transient time to
effect a change in discharge at the rec'ired .ocation can take more
time than avaiiable in a rotation period. Furthermore, changes in
operation to benefit a small section of the command area can affect the
whole system,
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C.  AGRONGMY
1. INTRODUCTION

The agronomy component was responsible for providing a description
of the irrigated cropping system, including assessing the major
variable affecting crop production on Kaudulla Scheme. This assessment
involved a description of the soils, crops, and management practices of
the cultivators.

2. METHOROLOGY

The 1984 Diagnostic Analysis of Farm Irrigation Systems Workshop
and a six-day reconnaissance survey in January 1985 provided the back-
ground information used to plan the detailed agronomic studies.
Observations made during these two activities indicated that the
cropping system was essentially a paddy monoculture of sufficient
complexity to warrant daily or near daily examination. Several
variables thought to affect paddy production within the field channel
were identified as particularly important: size of the cultivation
unit; variety of paddy; method of plant establishment; availability of
water; amount, time, and type of fertilizer applied; and degree of weed
and pest infestation.

a. Site Selection

Six distributary channels (three in Stage I and three in Stage 1I)
were selected as common study sites for the diagnostic analysis (Table
12). The three distributary canals in Stage I and Stage II were
selected to represent expected hydrological differences. For sampling
purposes, the distributary channels were further divided into head,
middle, and tail regions, from which one or more field channels were
selected for detailed investigation. The field channels also repre-
sented expected hydrological differences along the distributary
channel,

b. Fleld Personnel

Six Agricultural Diploma holders were employed as data collectors,
with each assigned to one of the six distributary channels. Each
diploma holder was responsible for dafly collecting agronomic data in
three or four selected field channels in the distributary channel study
site. The Agriculture Diploma holders resided near the study site and
were provided with bicycles for traveling between field channels.

An agricultural graduate from the University of Peradiniya was
employed to assist the Agriculture Diplama holders in collecting and
analyzing data. The agricultural graduate was provided with a motor-
cycle for traveling to and from the field study sites.
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Table 12. Agronomy field site characteristics for Kaudulla (1986

yala).
Stage I
Tract 1 Jract 4 Tract 8
D-Channel 1 8 1
Distance to
sluice (mft) 1.8 6.8 10.5

Field channels FC3 FC38 FC36 LBl LB5 LB7 RB2 FCl FCll FCl6

Allotment 4 6 8 3 3 2 3 14 6 10
Total area (ac) 12 20 25 8 9 6 7 27 15 20
Cultivators 7 6 11 4 3 3 3 19 7 12
Stage II

Tract 1 Tracts 445 Tract 12 Total
D~Channel LB Main D1 D2A
Distance to
sluice (mi) 1.1 4.5 0.2
Field
channels FC1 FC3 FC4 FC2 FC98 FC17 FC22 FC25 FC27
Allotment 15 4 2 6 9 S 11 10 7 148
Total area
(ac) 26 8 4 11 16 10 24 20 14 275
Cultivators 17 4 2 9 11 9 13 11 11 159

c. Data Collection

Agronomic investigations of Kaudulla were initiated with the first
water issue (April 20) and culminated with crop cuttings in September-
October of 1986. Each data collector was respcnsible for obtaining
data from all of the separately cultivated fields along the selected
field channels in the study sites. (On~farm engineering measurements
were conducted on the same field channels.)

During the first two weeks of the agronomic study, the data
collectors met with individual cultivators to explain the purpose of
the Investigations and to 1nitiate data collection. During this period

61



the diploma holders prepared a 11st of all of the cultivators in the
study area, Included in this 1ist was the address of the cultivator,
his allotment number, the allotment size, the name and relationship of
the Tegal title holder, and the names of other individuals cultivating
on the same allotment during the 198 yala. The sociology and econo-
mics components of the diagnostic analysis used this 1ist to select
cultivators for interviews.

The diploma holders also prepared field channel sketches showing
drainage channels, access roads, allotments, and cropping patterns. In
addition, informal discussions were held with individual cultivators to
obtain information on the date of the start of land preparation, number
of plowings and harrowings used, type of power used, completion date of
land preparation, dates of planting, method of planting, crop variety,
area sown, and any plant protection measures used.

Throughout the remainder of the irrigation season, data collectors
were responsibie for observing specific practices of the individual
cultivators, Field observations were made daily or on alternate days
1n each of the selected field channels. Observations were often
supplemented with informal conversations with the farmer when more
detailed information, such as the amount of fertilizer or insecticide
applied, was not observed. The observational data collected included
date of fertilizer application, amount and type of fertilizer applied,
date of insecticide application, amount and type of insecticide
applied, the reason for applying the insecticide, the degree of control
obtained, date of weeding, method of weeding, amount and type of
weedicide applied, degree of control obtained, disease infestations,
and dates of panicle initiation, flowering, and harvest.

In addition, an attempt was made to determine the relative
availability of water. On alternate days (sometimes 3-4 days) the data
collectors walked an established route along the bunds of the paddy
flelds. The route was, as near as possible, a straight line following
the slope of the land. The route began in the head region of the field
channel and ended at or near the drainage channel 1n the tail region of
the field channel. The relative availabiiity of water was recorded for
each liyadda using the following scale:

0 = Below field capacity, soil surface dry, many large cracks.

1 = Fleld capacity or above, soll surface moist to wet with
none to tew cracks.

2 = 1-5 cm of standing water.

3 => 5 cm of standing water,

Data on relative availability of water were recorded for approxi-
mately two months beginning during the vegetative period of rice growth
and concluding when weed growth on the bunds impaired movement in the
fields.
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Other data co]]ected in each field channel 1inciuded:
¥ Soil pH using a colorimetric pH test kit.

¥ Soil fertility measured indirectly using colorimetric N-P-K
plant tissue test kits. Tissue tests were conducted at or
soon aftur panicle initiation.

* Populations of plants, productive and nonproductive tillers,
and weeds were determined using a 50-cm diameter plastic ring.
The ring was randomly placed in the field and the number of
plants, productive and nonproductive tillers, and weeds were
counted. Five replications were done.

Yala paddy yields were estimated from crop cutting surveys
conducted at the end of the season. A l-mZ sample, replicated five
times, was selected as the sampling unit. Crop cuttings were collected
from sampled fieius in each study site. Additional crop cuttings were
conducted on fields where the cultivator planted more than one variety.
Each crop cutting was conducted as follows.

One-meter square, wooden frames were randomly tossed into the
field. All plants falling inside the frame were carefully harvested
and placed in a burlap bag. Five crop cutting samples were collected
from each field. The harvested samples were carefully rcmoved to an
appropriate place for threshing. Samples were separately threshed by
foot on an 8-ft, square tarpaulin. Each sample was winnowed by hand
using a kulla. The cleaned paddy was placed in separate plastic sample
bags, labeled, and brought to Polonnaruwa for weighing using a triple-
beam laboratory balance. Sead moisture of the paddy was determined
using a seed moisture meter. After weighing. the paddy samples were
returned to the cultivator.

At the end of yala, the Sofl Survey Division of the Irrigation
Department was contracted to conduct a detailed soil survey of the
selected study sites. Upon completion of the survey, soil survey maps
of each field channel were prepared.

d. Data Analysis
The initial reduction and tabulation of field data was accom-
plished in the field by the field assistant. Tabulated data were
analyzed_using either Lotus 1~2-3TM or Microstat™ software programs on
a Compaq™ microcomputer. Statistical analyses included mean, fre-
quency, and standard deviation.
3. RESULTS AND DISCUSSION
a. Unit of Cultivation

It 1s commonly assumed that a single farm family is associated
with a 2~ or 3-ac allotment at Kaudulla Scheme. However, a number of
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factors have influenced the actual unit of cultivation. These include
original acreage allotted, encroachment, and land fragmentation.

On Stage I of Kaudulla Scheme, the original allottees were
provided with approximately 3 ac of lcwland and 2 ac of highland. On
Stage II of Kaudulla Scheme, original allottees were provided with
approximately 2 ac of lowland and 1 ac of highland. The lowland
acreage was designated for irrigated paddy production and the highland
for use as a homestead. Blocking out plans prepared during the
settlement periods indicated that the original lowland allotments
actually varied in size from 2-6 ac in Stage I and from 1-4 ac in Stage
II. Similar differences in allotted acreages for the highland home-
stead were noted. While topographical features might make 1t difficult
to provide allotments of uniform sizes, there was no apparent reason
for the wide variation i1n size of the original allotments.

Engineering surveys of the field channel study sites (Appendix F)
tended to confirm the allotment boundaries shown in the original
blocking out plans. Noticeable exceptions to this were allotments that
bordered field channels, drainage channels, and field channel access
road easements. Almost all of these allotments had increasec in size
as a result of encroachment onto reserved areas. In Stage I, nearly 26
percent of the allotments were greater than 3.5 ac in area. The
increased area associated with these allotments primarily resulted from
encroachment onto reserved areas. Similarly, nearly 30 percent of the
allotments in Stage II were greater than 2.5 ac as a result of en-
croachment onto reserved areas.

In most of the allotments not increased in area by encroachment,
the original allottee is certainly economically disadvantaged. Of 77
surveyed allotments 1n Stage I, approximately 26 percent were less than
2 ac in area. Similarly, over 10 percent of 120 surveyed allotments in
Stage II were 1 ac or less.

The unit of land available to the individual cultivator has also
been decreased by the subdivision of allotments. Twelve of 59 allot-
ments in Stage I were subdivided by a total of 27 individuals.
Approximately 70 percent of these individuals cultivated 1 ac o- less.
In Stage II, 14 of 66 allotments were subdivided by 31 individuals.
Nearly 87 percent of these individuals cultivated 1 ac or less.

The overall effect of encroachment, original allotment size, and
subdivision of allotments in Stage I and Stage II suggests that while a
few individuals benefitted by encroaching onto reserved areas, in-
equalities in the size of the original allotments and increased
population pressure on the land have reduced many of the cultivators on
Kaudulla to subsistence farming. It was also apparent from data
presented in the sociology section of this report that the problem of
subdividing allotments will increase as second- and third-generation
families begin to inherit these lands.
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b. Soils

The Soil Survey Division of the Irrigation Department was con-
tracted to conduct a detailed soil survey of the field channel study
sites to obtain basic soils information for Kaudulla. In addition to
mapping soils, the survey team was requested to characterize a typical
soll profile for each soll type. The soil survey was initiated during
the irrigation closure period between the 1986 yala and 1986-87 maha
and was completed in ewrly December of 1986,

Two major soil groups -~ reddish-brown earth (RBE) and 1ow, humic
gley (LHG) soils -- were identified by the snil survey team (Appendix
F). RBE solls were identified as Rhodustalfs in the Seventh Approxima-
tion system of soll classification. RBE soils, which are predominant
1iv the Dry Zone, were largely formed in place on the knolls and upper
to middle slopes of the rolling topography. These soils, which are
T1ght 1n texture, are generally regarded as good agricultural soils 1f
rainfall 1s supplemented by irrigation. However, they are structurally
weak and thus are susceptible to water erosion. In addition, RBE soils
lTocated 1n the middle to lower slopes of the rolling topography are
often affected by high water tables during heavy rains.

The LHG soils are primarily alluvial and were found in the lower
slopes and valleys. LHG soils are equivalent to Haplustalfs in the
Seventh Approximation system of soil classification and Gleyic Luvisols
in the FAO system of soil classification. These heavy-textured soils
have poor drainage characteristics and thus are susceptible to water-
Togging. Because of this, LFi soils are only suitable for paddy
cultivation, A more detailed background descriptica of each soil
group, tables of the physical and chemical properties, and general soil
profile descriptions for both soil groups are presented in Appendix F.

A summary of the soll types and their approximate area, expressed
as a percentage of the total area of the field channels, 1s shown in
Table 13. Of the two soll groups identified, RBE soils were the most
extensive, occupying nearly 64 percent of the total study area. Within
study sites, RBE soils comprised 35-84 percent of any particular study
site.

The RBE soils were subdivided into three drainage classes: well-
drained, moderately well-drained, and imperfectly drained (Appendix F).
A1l three drainage classes were observed in the field channel study
sites. Imperfectly drained RBE soils accounted for an average of 42
percent of the total field channel area. Within study sites, imper-
fectly drained RBE soils comprised from 38-57 percent of any particular
study site,

With the exception of Stage II, Tract 4, and Stage I, Tract 8,
very 1ittle of the area was occupied by well-drained or moderately
well-drained RBE soils. According to the soil survey team leader, much
of the area now identified as imperfectly drained RBE soil was, prior
to frrigation, well-drained RBE soil. That these soils have become
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imperfectly drained has important water management implications for
their use 1n the cultivation of other field crops.

The LHG soil group occupied approximately 36 percent of the study
area (Table 13). Within study sites, LHG soils occupied from 19-65
percent of any particular study site. LHG soils were subdivided into
drainage classes -~ poorly drained and very poorly drained. However,
within the field channel survey, only poorly drained LHG soils were
observed. Because these soils were poorly drained, they were only
suitable for irrigated paddy production.

Table 13. Approximate area of each soil type, expressed as a percen-
tage of the total surveyed area (Kaudulla, 198 yala).

Stage I Stage II Total
Tract Tract Tract Tract Tracts Tract Overall
1 4 8 1 445 12 Average

Reddish=-brown
earth, shallow 0 n 0 37 0 0 12
Reddish-brown
earth, well- .
drained 0 3 27 0 46 0 8
Reddish-brown
earth, moderately
well-drained 0 0 0 0 9 0 2
Reddish~brown
earth, imperfectly
drained 57 56 38 38 54 35 42
Low humic gley,
poorly drained 43 41 19 25 7 65 36

The pH of the RBE and LHG soils was determined during the cropping
season. Measured pH values for the RBE soils ranged from 6.1-7.4,
while pH values of the LHG soils ranged from 6.8-7.6. These pH values
were within the expected range for each soil group. In addition,
visual observations of crop performance were used to assess problem
soils (specifically, iron toxicity and salinity). These observations
indicated no serious soil problems in the field channel sites.

However, similar observations made during the reconnaissance survey of
Kaudulla suggested that a few low lying areas exist that have salinity
problems.

c. Cropping Pattern

During the 1986 yala, less than 5 percent of the study area was
fallow. Approximately 2.75 ac of the 146.5 ac surveyed in Stage I, and
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10.4 ac of the 132.4 ac surveyed of Stage II, were fallow. This land
was fallow primarily because it could not be commanded by the irriga-
tion system.

Data on soils presented in the previous section indicated a
potential for cultivating crops other than paddy on approximately 35-40
percent of the irrigated command area of Kaudulia during yala.

However, during the 1986 yala, only 3.9 percent of the study area was
cultivated with crops other than paddy. Interestingly, only chili was
cultivated. In Stage I, 4 individuals cultivated chili on a total of
1.25 ac. In Stage II, 18 individuals cultivated chili on a total of
10.4 ac. With the exception of one cultivator in Stage II, Tract 12,
all of the individuals who grew chili also cultivated paddy.

While most cultivators understood that potential profits from
other field crops, such as chili, were much higher than paddy, they
were unwilling to risk the higher investment costs associated with
these crops. Their preference for paddy over other crops was explained
by :

lower investment costs.

availability of good quality seed.

knowledge of, and less intensive, cultivation practices.
shorter cropping period.

fewer problems with theft.

fewer storage problems.

less severe price fluctuations.

a more organized marketing system.

X kK kK Kk Xk Xk %k X%

d. Cultivation Season

In mid-September, the 198 yala kanna meeting for Kaudulla was
held in Medirigiriya. The kanna meeting was chaired by the government
agent and supported by the district department heads responsible for
agriculture and settlement. While the major purpose of the kanna
meeting was to finalize the 1985 yala irrigation schedule, 1t also
served as a platform for the cultivators to air grievances and for the
departments to disseminate information on relevant topics. However,
the meeting was attended by less than 200 persons, most of whom were
yel vidanes, rather than average cultivators.

The final 198 yala irrigation schedule was based on the cultiva-
tion of short-season (3 to 3-1/2 month) varisties of paddy, which the
farmers were requested to grow. Some of the more important dates
establ ished for the 1986 yala schedule were:

April 20 First water issue
May 20 Completion of land preparation

May 21 First rotational water issue

August 23 Closure of canals
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This schedule provided irrigation water for 125 days, of which 30 days
were for land preparation and 95 days were for crop growth. Although
the schedule appeared reasonable, continuous water issues were extended
until the first week of June, and the entire irrigation season was
extended to the first week of September. An attempt is made to
document soms of the reasons for the extensions in subsequent sections
of this report.

6. Land Preparation

Land preparation is one of the most important management compo-
nents 1n paddy cultivation. Poor and untimely land preparation may
result 1n unlevel fields, poor stand establishment, and early weed
Infestation. A1l of these problems affect the parformance of the crop
and often increase production costs. More importantly, extended 1and
preparation may delay the completion of the cropping season.

Data concerning the start and completion of land preparation,
power sources used, the number of plowings, and the number of harrow-
ings were obtained through field observations and informal interviews
with the cultivators. In addition, observations on the quality of land
preparation were made. The quality of Tand preparation was evaluated
by the degree of weed control obtained, availability of water, and bv
the degree of til1th and 1~veling obtained.

The date that cultivators started land preparation was compared
with the date of the first scheduled water issue to determine the time
required to initiate land preparation. The time required for land
preparation was defined as the period between the start and completion
of Tand preparation. The overall time required for land preparation
was defined as the period between the date of the first schedu]ed water
issue and completion of land preparation.

According to the Agriculture Department, 14-21 days 1s generally
sufficient to complete land preparation. Land preparation periods
greater than 21 days should only be necessary where irrigation water is
1imited, or in poorly maintained fields with large accumulations of
organic residues.

Proper land preparation for paddy requires that the field be
soaked for 2-5 days before the first plowing and maintained at or near
saturatfon throughout the plowing period. During this pericd the bunds
around the paddy are cleaned and repaired. Mormally, two plowings are
needed to turn the soil, weeds, and organic residue under. Approxi-
mately 7 days between plowings is needed to decompose the incorporated
organic residue. Between plowings the bunds around the field are
repaired and plastered.

Once the organic residue decomposes, the field is flooded with 2-5
cm of water, harrowed, and roughly leveled. Prior to planting, the
field 1s again flooded with 2-5 cm of water, harrowed, and leveled.

The field is then drained to 1-2 cm of standing water for planting.
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Based on these recommendations, the Kaudulla 1986 yala irrigation
schedule developed by the Irrigation Department provided 30 days of
continuous water issue for land preparation. Even though this schedule
appeared reasonable, land preparation was not completed on schedule.

As a result, the Irrigation Department extended continuous water issues
for two weeks. This extension increased the amount of water issued for
land preparation by nearly 50 percent and contributed to the delay in
completing the cropping season, Because this problem was common 1n
both yala and maha, it was considered inportant to determine the
factors which contributed to delays and subsequent extensions of the
irrigation season.

Overall, the time required to initiate land preparation once
scheduled water issues began ranged from the day of the first water
Tssue to 54 days after the official first water issue, and averaged 17
days. Only 25 percent of the cultivators initiated land preparation
within the first 10 days after the first official water issue (Table
14). Another 20 days was required before nearly 94 percent of the
Kaudulla cultivators initiated land preparation activities. With the
exception of Stage I, Tract 8, no apparent hydrological differences in
the initiation of land preparation were observed. In Stage I, Tract 8,
land preparation was not initfated until 20 days after the first
official water issue, This initial delay may have occurred as a result
of 1nadequate water deliveries in the tail of Stage I.

Table 14. The time between the first scheduled water issue and the
Tnitiation of land preparation as reported by Kaudulla
cultivators, 1986 yala (n=156).

Number Stage I Stage II Cum
of Days Tract 1 Tract 4 Tract 8 Tract 1  Tracts 445 Tract 12 %
------------------------ number of responses——-=—==aecao--
0 0 0 0 0 3 0 1.9
5 0 4 0 2 2 7 11.5
10 5 4 0 1 6 5 25.0
15 6 2 0 11 2 7 42.9
20 6 1 7 5 11 7 66.7
25 0 1 18 0 5 6 £5.9
30 3 0 8 2 0 0 94,2
35 0 0 4 0 0 1 97 .4
40 0 0 0 0 0 0 97 .4
45 0 0 0 0 0 0 97 .4
50 3 0 0 0 0 0 99.4
55 0 0 0 0 0 0 99 .4
60 1 0 0 0 0 0 100.0

Although observations on land preparaticn were made, data collec-
tors did not obtain information on reasons for delaying the start of
land preparation. However, two possible reasons for delevs in starting
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land preparation were suggested. First, inadequate water delivery
during land preparation may have caused many cultivators to delay the
start of land preparation, Second, problems in obtaining credit, power
sources for land preparation, and labor for planting may have caused
some cultivators to delay land preparation.

Once land preparation was initiated, the time between the start
and completion ot land preparation ranged from & days to 48 days, and
averaged 20 days. Nearly 80 percent of the cultivators completed land
preparation activities within 20-25 days (Table 15). The majority of
cultivators (nearly 94 percent), regardless of their hydrological
location, completed land preparation within 35 days. Thus, it was
apparent that once land preparation was initiated, 1t was possible for
cultivators to complete land preparation within 30-35 days.

Table 15. The time between the first plowing and the completion of
land preparation as reported by Kaudulla cultivators, 1986

yala (n=157),
Number Stage I. Stage I1 Cum
of Days Tract 1 Tract 4 Tract 8 Tract 1 Tracts 4485 Tract 12 %
------------------------ number of responses-——-—-—===e——e-—
10 3 0 4 2 5 0 8.9
15 8 2 11 6 7 4 33.1
20 9 0 13 8 7 8 61l.8
25 2 3 8 2 5 ] 79.6
30 1 3 0 3 0 b 89.2
35 1 0 0 0 4 2 93.6
40 0 3 0 0 0 1 96.2
45 0 2 1 0 1 0 98.7
50 0 0 0 0 0 2 100.0

Overall, the time between the first scheduled water issue and the
completion of land preparation ranged from 18-70 days, and averaged 37
days. Only 27 percent of the cultivators completed land preparation
within the scheduled period (Table 16). An additional 20-25 days was
required before morr than 97 percent of the cultivators completed land
preparation,

Table 17 shows the different power sources that Kaudulla cul-
tivators used for land preparation. Overall, nearly 53 percent of the
cultivators used two-wheel tractors for land preparation. Approximate~
1y 42 percent of these cultivators used only two-wheel tractors for
land preparation. with another 11 percent using a combination of two-
wheel tractors and animal power. The majority of these cultivators
were located in Stage I, where landholdings were larger. Those
cultivators who did not use two-wheel tractors (47 percent) were
primarily located in Stage II and used a combination of animal power
and hand labor to prepare land.
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Table 16, The time between the first scheduled water {issue and the
compietion of Tand preparation as reported by Kaudulla
cultivators, 1986 yala (n=157).

Number Stage I Stage Ix Cum
of Days Tract 1 Tract 4 Tract 8 Tract 1 Tracts 4&5 Tract 12 %
- number of I"eSpONSeS===tmm—m—cc——

20 0 0 0 0 2 1 1.9
25 4 0 0 2 3 1 8.3
30 5 1 1 7 11 5 27 .4
35 4 4 4 8 6 3 45.9
40 3 -0 14 3 4 11 68.2
45 2 2 11 1 0 7 82.8
50 2 6 5 0 1 0 91.7
55 P 0 1 0 2 4 97.5
60 1 0 1 0 0 1 99.4
65 0 0 0 0 0 0 99.4
70 1 0 0 N 0 0 100.0

Table 17. Power sources used by Kaudulla cultivators during land
preparation (1986 yala).

Power Stage I Stage II Cum

Sources Tract 1  Tract 2 Tract 8 Tract 1 Tracts 445 A
------------------ percent of cultivators——————mea—--

2-wheel
tractor 58 58 54 14 26 42
2-wheel &

animal 13 17 11 14 0 11
Animal &
hand 1abor 29 25 35 72 74 47

Table 18 shows the land preparation operations used by Kaudulla
cultivators. With the exception of Stage II, Tracts 4 and 5, and Stage
II, Tract 12, the majority of cultivators ploughed two or more times
and harrowed and levaled one or more times to prepare their fields. In
Tracts 4 and 5 and Tract 12, the majority of cultivators ploughed twice
and levelled one or more times to prepare their fields. Cultivators in
Stage I, Tract 1 (38 percent), preferred to use the rototiller rather
than a moldboard plow attachment,

Data collectors evaluated the quality of land preparation 1n paddy
fields throughout the study area. Included in their assessment of land
preparation were availability of water for land preparation, degree of
ti1th and Teveling obtained, and degree of weed control obtained. Land
preparation was rated as average or poor in nearly all of the Kaudulla
fields (Table 19). Only one field in Stage II, Tract 12, received a
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good rating. Overall, land preparation was rated better in Stage I
than in Stage II. This higher rating 1s probably explained by the
greater usage of two-wheel tractors in Stage I.

Table 18. Land preparation operations used by Kaudulla cultivators
during the 1986 yala.

Stage I Stage II
Operation Tract 1 Tract 2 Tract 8 Tract 1 Tracts 445 Tract 12

-- - percent of cultivators
Rototil-
1ing &
level ing 38 0 0 0 0 0

Ploughed
once &
leveled

one or more
times 12 0 8 0 3 30

Ploughed
twice &
leveled

one or more
times 0 0 0 ‘0 93 61

Ploughed

two or more
times & har-
rowed and
leveled one

or more
times 50 100 92 100 3 9

Table 19. Visual assessment of the quality of land preparation in
paddy fields of Kaudulla Scheme (1986 yala).

Stage I Stage I1I
Quality Tract 1 Tract 2 Tract 8 Tract 1 Tracts 4&5 Tract 12

-~ percent of fields- ——

300d 0 0 0 0 0 3
Average 58 93 59 24 28 45
Poor 42 7 41 76 72 52
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f. Planting

As previously mentioned, the 1986 yala kanna meeting established
an irrigation season for Kaudulla of 125 days ~- the first 30 days of
which were designated for land preparation. To meet this schedule,
farmers were requested to grow shori~season, improved varieties of
paddy. No recommendations on the method of planting were given.
Generally, it was assumed that the majority of cultivators on Kaudulla
would broadcast yala paddy. Since short-season paddy varieties only
require 1rrigation water for 80-95 days and mature within 90-105 days,
1t appeared that the irrigation schedule established during the kanna
meeting was reasonable,

Data collected on planting in each study site included paddy
varieties, method of planting, and dates that planting was started and
completed. Most of this information was cellected through informal
interviews with the cultivators., Whenever possible, information
obtained through informal interviews was confirmed by field observa-
tions.

Paddy Varieties. According to the cultivators, 14 different paddy
varieties were grown in the study sites. Of these, 7 were short-season
varieties and 6 were long-season varieties. Two paddy varieties =~ BG-
90-4 and BG-330 -- were not on the Agricultural Department's 1ist of
recommended varieties, and one paddy varisty -- BG-94-2 -- had been
removed from the 11st of recommended paddy varieties (Table 20).

Table 20. The percentage of each study site planted with different
paddy varieties as reported by Kaudulla cultivators

(1986 yala).
Stage [ Stage II
Paddy Tract Tract Tract Tract Tracts Tract Total
Yarieties 1 4 8 1 445 12 %
------------------ relative percent==——-emeemecam e

short-Season

BG-34-8 75 33 89 48 44 69 65
BG-276-5 7 3 0 3 0 3 3
BG-94-2 0 0 0 13 24 0 5
BG-94-1 5 0 0 9 0 19 6
BG-34-6 0 0 0 0 22 0 3
BG-90-4 4 5 5 0 0 0 2
BG-320 0 5 0 0 0 0 1
Long-Season

BG-379-2 5 12 0 0 8 2 4
BG-400-1 2 0 3 0 0 0 1
BG-380 0 5 3 0 3 0 2
BG-11-11 0 24 0 0 0 7 4
BG-90-2 2 0 0 27 0 0 4
BG-450 0 12 0 0 0 0 1




Interestingly, approximately 10-15 percent of the cultivators were
either unable to name or incorrectly named the varfety of paddy they
had planted. The farmers' lack of knowledge was significant and was
unexpected by the Agriculture Department.

Data collectors were also unsuccessful in identifying some
varieties of paddy. Variety misidentification occurred for approxi-
mately 10 percent of the sample. Even so, the data collected were
st111 of value for evaluating the farmers! preference for certain paddy
varieties,

Overall, BG-34-8 -- a short-season, improved variety -- was most
common. Nearly 65 percent of the entire Kaudulla study area was
planted with this variety. The other six short-season paddy varieties
occupied an additional 20 percent of the studvy area. Of these,
significant acreages of BG-94~2, BG-94-1, and BG-34-6 were reported on
only same of the study sites (Table 20).

Long-season paddy varieties were reported by cultivators to grow
on approximetely 16 percent of the study area (despite recommendations
given at the kanna meeting). Three of the long~season paddy varieties
=~ BG-379-2, BG-11-11, and BG~450 -- were reported on significant areas
of some of the study sites.

Records of planting and harvesting dates kept by the data collec-
tors suggested that long-season paddy varieties were grown on as much
as 35 percent of the study area. The high proportion of long-season
paddy varieties contributed significantly to the need to extend the
1986 yala irrigation season past the schedule originally established.

Planting Methods. Two planting methods ~-- broadcast sowing and

transplanting -- were used by Kaudulla cultivators during the 1986
yala. Both methods were recommended by the Agriculture Department. In
general, most Kaudulla cultivators preferred transplanting over
broadcasting as they perceived that transplanted fields usually
produced higher yields, Although agricultural research has indicated
that similar yields can be obtained from either planting method, 1t was
recognized that transplanting offered several advantages over broad-
casting when other management practices were less than optimum,

When transplanting under the conditions existing at Kaudulla, it
1s easier to control the plant enviromment in a small nursery during
the critical periods of germination and initial seedling growth than is
possible for seedlings in a broadcast field. A cultivator is more
assured or outaining a uniform stand when paddy is transplanted, and
transplanted seedlings are able to compete with weeds more effectively
than broadcast seedlings can, Finally, transplanting effectively
reduces the period of field Trrigation and potential exposure to
unfavorable field conditions by 25-30 days. While these advantages
certainly improve the potential for obtaining higher paddy yields with
transplanted paddy, transplanting involves a major investment 1in labor,
time, and capital.
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Because of this investment, broadcasting was often used by
Kaudulla cultivators who wanted to decrease the financial risks
assoclated with producing a paddy crop and by those who lacked capital
or had trouble scheduling planting crews. In general, most cultivators
considered yala to be more risky than maha because of the uncertainty
of irrigation deliveries. Therefore, they were less willing to invest
in transplanting during yala.

Approximately 76 percent of the paddy acreage in the study area
was broadcast (Table 21). Within study areas, broadcast paddy ranged
from 60-95 p-rcent of the paddy acreage. The high proportion of
broadcast paddy indicated that most cultivators were unsure of the yala
water deliveries.

Table 2! . The percentage of each study site broadcast or transplanted
with either Tong-season or short-season varieties (Kaudulla,

1986 yala).

Planting Stage I Stage 1]

Method and Tract Tract Tract Tract Tracts Tract Total
Yarietal Type 1 4 8 1 445 12 %

o - relative percent ———

Broadcast,
short-season 68 41 90 47 59 67 . 66
Broadcast,
lTong~season 5 19 5 13 30 2 10
Transplanted,
short-season 22 2 2 22 8 24 14
Transplanted,
Tong~season 4 39 3 18 3 7 10

In three of the study sites (Stage I, Tract 4; Stage II, Tract 1;
and Stage II, Tracts 4 and 5) a significant proportion of the acreage
was broadcast with long-season paddy varieties. Because broadcasting
and long-season varieties resulted in a longer period of plant growth,
these cultivators required an extension of the irrigation schedule by
approximately 3 weeks. The use of long-season varieties in combination
with broadcasting appeared to be somewhat risky given the possibility
that irrigation deliveries could have stopped before the crop matured.
However, cultivators indicated that they broadcast long-season paddy
varieties because long-season paddy varieties had greater yield
potential and were less sensitive to the timing of management ac-
tivities, such as weeding or agro-chemical application,

Transplanted paddy only accounted for approximately 24 percent of
the total paddy acreage 1n the study sites (Table 21). Within study
areas, significant acreages of transplanted paddy were observed in
Stage I, Tracts 1 and 4 and in Stage II, Tracts 1 and 12. The fact
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that significant acreages were transplanted in these study sites
Tndicated that the cultivators were reasonably confident of yala water
del iveries.

Overall, cultivators initiated planting activities as early as 4
days before the scheduled completion of land preparation and as late as
54 days after the scheduled completion of land preparation. Early
planting was primarily observed in the Stage II study areas. Interest-
1ngly, cultivators who delayed planting were primarily located in the
head of the system. For 156 cultivators, the average time required for
broadcasting and transplanting was 3 days.

According to the yala frrigation schedule for Kaudulla, all
planting should have been completed within 35 days after the first
scheduled water issue. However, by the 35th day after the first
scheduled water issue, only 35 percent of the paddy had been planted in
the study area (Table 22). An additional 20 days passed before
planting was completed on 95 percent of the study area. Although there
were a few Instances where extended planting perfods contributed to
extensions in the irrigation issues, delays 1n land preparation were
the major factor that caused cultivators to extend planting beyond the
period established 1n the 1rrigation schedule.

Table 22, The number of days between the first scheduled water issue
and completion of planting as :eported by Kaudulla culti-
vators (198 yala).

Stage I Stage I1I
Number of Tract Tract Tract Tract Tracts Tract Cum
Days 1 4 8 1 445 12 %
(n=24) (n=20) (n=3%) (n=21) (p=33) (n=32)
21-25 1 0 0 2 6 1 6.1
26=30 3 1 1 5 7 5 19.4
31~35 2 6 0 4 9 4 34.5
36-40 5 2 10 1 6 5 52.1
41-45 2 2 17 G 0 8 73.3
46~50 2 8 7 2 3 3 88.5
51-55 1 1 0 0 2 6 94,5
56-60 3 0 0 0 0 0 96 .4
61-65 3 0 0 0 0 0 98.2
66-70 1 0 0 0 0 0 98.8
71-75 0 0 0 1 0 0 99.4
76-80 0 0 0 0 0 0 Q9.4
81-85 1 0 0 0 0 0 100.0
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g. Fertilizer Application

Soil fertility and management are critical aspects of paddy
production., Paddy yields of 150 bu/ac or rare are only possible when
soil fertility is properly managed throughuvut the growing season. To
assist the farmer, the Agriculture Department provided detailed
fertilizer recommendations for paddy cultivation in the low country Dry
Zone. These recommendations specified the timing, type, and amount of
fertilizer required for transplanted and broadcast short-season and
long-season paddy varieties (Table 23), Data collected on the typs,
amount, and timing of fertilizer applications was used to determine how
closely the cultivators in the study areas followed the Agriculture
Department's recommendations. In Stage II, Tract 8, data collection
was interrupted by the replacement of the data collector. Consequent-
1y, data on top dressing applications was incomplete and is not used in
this report.

Basal Fertilizer Application. The Agriculture Department recom-
mended that a basal fertilizeir dressing of V-mixture (5-15-15) be
applied and incorporated into the soil immediately prior to planting
paddy (Table 23). The basal fertilizer application was recommended in
order to improv: initial seedling growth and plant tillering.

Ef1ghty-four percent of the cultivators in the study area applied a
basal fertilizer (Table 24). A1l of the cultivators who applied a
basal fertilizer applied V-mixture, Approximately 33 percent of the
cultivators applied V-mixture at or above the recommended rate (150
1bs/ac), and 51 percent applied V-mixture below the recommended rate.

Within study sites, all of th- cultivators in Stage II, Tract 1,
applied a basal dressing of Y-mixture. Approximately 76 percent of the
cultivators in this study area applied V-mixture at or above the
recommended rate. In Stage I, Tract 1, nearly 54 percent of the
cultivators did not apply a basal fertiiizer. Many of these cul-
tivators indicated that they preferred not to apply basal fertilizer
because it encouraged excessive weed growth.

The majority (92 percent) of basal fertilizer applications in the
study area were applied within 1-5 days before planting. It is
probable that most of these fertilizer applications were incorporated
into the soil. By incorporating the fertilizer into the soil, cul-
tivators minimized the amount of nitrogen lost by volatilization.
However, basal fertilizer applications 1n approximately 8 percent of
the fields were applied after planting. Because fertilizers probably
were not incorporated into the soil, the effectiveness of nitrogen in
these fertilizers may have been reduced.

Top Dressing l. The Agriculture Department recommanded that a
first top dressing of urea be applied and incorporated into paddy
fields two weeks after planting (Table 23). The purpose of the initial
top dressing was to improve early plant tillering and growth of the
paddy. Incorporating this fertilizer into the soil minimizes nitrogen
losses to the atmosphere.

77



Table 23. Fertilizer recommendations for paddy cultivation, Kaudulla

1986 yala.
Fertilizer Planting Age Fertilizer Amount¥** Time
Application Method* Class Type (1bs/ac) Appl ied*%#
(Months)
Basal B 3 V-mixture 150 Final Harrowing
3.5 " 150 "
4-4.5 " 150 "
T 3 V-mixture 150 Final Harrowing
3.5 " 150 "
4-4.5 " 150 "
Top dressing 1 B 3 Urea 55 2 WAS
3.5 " 55 "
4-4.5 " 55 "
T 3 Urea 82 2 WAT
3.5 " 82 "
4-4.5 " 55 "
Top dressing 2 B 3 Urea 27 5 WAS
3.5 " 2] "
4-4.5 " ) 55 6 WAS
T 3 DM 82 5 WAT
3.5 " 82 6 WAT
4-4.5 Urea 55 4 WAT
Top dressing 3 B 3 TDM 110 7 WAS
3.5 " 110 8 WAS
4-4 .5 n 110 10 WAS
T 3 -— —— —-
3 .5 —— ——— me——
4-4.5 DM 110 8 WAT

*B - Broadcast, T - Transplanted

¥*V-mixture - Paddy fertilizer mixture (N-P-K = 5-15-15)
TDM - Paddy top dressing mixture (N-P-K = 30-0-20)
Urea - Ammonium nitrate (N-P-K = 46-0-0)

**¥WAS - Weeks after sowing
WAT - Weeks after transplanting
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Table 24. The relative application rates of V-mixture applied by
cultivators 1n the study area (Kaudulla, 1986 yala).

Stage [ Stage II
Rate of Tract Tract Tract jract Tracts Tract Total
Application 1 2 8 ) 445 12 %
———————————— Relative %—==-- -

Above

recommended 0 0 11 0 48 15 12
At recommended 4 46 8 19 28 18 21
Below

recommended 42 46 70 71 24 55 51
Did not apply 54 8 11 10 0 12 16

Sixty percent of the cultivators in the study sites applied the
first top dressing (Table 25). A1l of the cultivators who applied the
first top dressing applied urea. Sixty percent of the cultivators
applied urea at 2-4 times the recommended rate. However, the overall
efficiency of this fertilizer application may have been reduced since
none of the cultivators incorporated the urea into the soil. Sixteen
of 29 cultivators (55 perc::-) in Stage II, Tracts 4 and 5, and 6 of 32
cultivators (19 percent) i. ““age II, Tract 12, did not apply a first
top dressing.

Table 25. The relative application rates of urea applied by cul-
tivators in the study area (Kaudulla, 198 yala).

Cultivators
Stage 1 Stage II
Rate of Tract Tract Tract Tract Tracts Tract Total

Application 1 2 8 1 445 12 A
Above

recommended 20 6 - 15 11 22 60
At recommended 3 2 - 4 2 4 13
Bel ow

recommended 1 4 - 1 0 0 7
Did not apply 0 1 - 1 16 6 20
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Only about 28 percent of the cultivators applied the first top
dressing during the second week after planting, as recommended.
Overall response to urea applications may bs reduced when urea applica-
tions are made later than the fourth week after planting.

Top Dressing 2. The Agriculture Department recommended a second
top dressing of urea on short-season, broadcast varieties (5-6 weeks
after planting) and long-season, broadcast (5 weeks after planting) and
transplanted varieties (4 weeks after planting) (Table 23). The
application was recommended to improve plant tiller development and
Tncrease grain formation. For short-season, transplanted varieties,
the Agriculture Department recommended the application of TDM mixture
(5 weeks after planting) as a final top dressing to increase grain
welght and encourage normal seed development.

The second top dressing was applied on 68 percent of the fields in
the study area (Table 26). Approximately 24 percent of the fertilizer
applications were urea. Generally, urea was applied to broadcast
short-season and broadcast or transplanted, long-season paddy varie-
ties. Nearly all of the urea applications were 2-3 times the recom-
mended rates,

Table 26. Top dressing 2 applied by cultivators in the Kaudulla
study sites (1986 yala).

Number of Cultivators

Stage 1 Stage II
Fertil izer Tract Tract Tract Tract Tracts Tract Total
Type 1 2 8 1 485 12 %
Urea 3 5 - 0 15 6 24
TOM 12 2 - 15 12 11 44
No fertilizer 9 6 - 6 2 15 38

Approximately 44 percent of the cultivators applied TDM as a
second top dressing. Only 30 percent of the cultivators who applied
TDM as a second top dressing applied 1t as the final fertilizer
application on transplanted, short-season paddy varieties. The
majority of these applications were made at less than the recommended
rate. All other TDM applications were on broadcast, short-season and
broadcast or transplanted, long-season paddy varieties.

The time of application varied considerably within and between
study sites, ranging from 5 to 10 weeks after planting. The efficiency
of fertilizer use was certainly affected by late applications.
Interestingly, a majority of cultivators in Stage II, Tracts 4 and 5,
applied the second top dressing (based on time of application),
although few applied a first top dressing.
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Top Dressing 3. The Agriculture Department recommended the
application of a third top dressing of TDM mixture for long-season
paddy varieties and broadcast, short-season varieties (Table 237. This
top dressing was recommended to improve yields and grain devel opment.

Only 40 percent of the cultivators in the study area applied a
third top dressing (Table 27). Of those who applied a third top
dressing, all except one applied TDM. Forty~nine percent of the TDM
applications were at or above the recommended rate. However, the
effectiveness of these applications was reduced since none of the
cultivators incorporated the fertilizer into the soil. More important-
1y, nearly 56 percent of the applications were made too late in the
season to benefit the paddy.

Table 27. Top dressing 3 applied by cultivators in the Kaudulla
study sites (1986 yala).

Cultivators
Stage I Stage II
Fertilizer Tract Tract Tract Tract Tracts Tract Total
Type 1 2 8 1 485 12 %
Urea 0 0 - 0 1 0 1
TOM 3 8 - 5 13 17 39
No fertilizer 21 5 - le 15 15 60

When all four fertilizer applications were evaluated, less than 10
percent of the cultivators followed the Agriculture Department's
fertilizer recommendations. Generally, cultivators applied V-mixture
at rates that were lower than the recommended rates. In contrast, urea
applications were much higher than the recommended rates. More
Importantly, a significant percentage of the cultivators did not apply
a third top dressing. Instead, they applied higher than recommended
rates during either the first or second top dressing. This suggested
that the number of tcp dressings recommended by .he Agriculture
Department may not be necessary. Fewer top dressing applications with
higher rates of fertilizer would reduce problems cultivators encounter
trying to apply fertilizer at the correct time.

Field tissue tests for N-P-K in selected fields throughout the
study area tended to support observations made on fertilizer applica~-
tions. These tests, with a few exceptions, indicated that tissue
Tevels of nitrogen and phosphorus were adequate to excessive, and
tissue levels of potassium were Jow 1in many of the sites. Low potas-
sium levels may have reduced the overall effect of nitrogen fertilizers
and may have contributed to less than optimum paddy yields.

h. Relative Availabil1ty of Water

Research by De Datta (1981) indicated that plant growth and yields
of paddy were affected by soil moisture conditions, This research

81



reported yield reductions of 8 to 21 percent when soil moisture levels
decreased to near field capacity during critical growth stages. In
addition, more serious yield reductions were reported as the duration
of soil moisture stress increased. De Datta (198l) reported that
moisture conditions were most critical for the following plant growth
stages of paddy: mid- to late tillering, panicle initiation, and grain
head formation.

During 1986 yala, fleld observations were made in selected
]iyaddas to evaluate 5011 moisture conditions in paddy fields through-
out the study area. Suil molsture conditions were observed on alter-
nate days in a series of liyaddas located on either side of a 11ine
parallel to the field channel and perpendicular to the drainage
channel. A scale was used to classify the soil in the liyaddas as
follows:

0 - dry, cracked soils

wet soils

1
2 - 1-5 cm of standing water
3 - > 5 cm of standing water

Within study sites, observations of soil moisture conditions began
during the vegetative period on the first and third weeks of June and
continued through the grain fi1ling period in late August to carly
September. With the exception of Stage I, Tract 1 (where observations
were made on alternate days), sofl moisture observaticns were made on
variable schedules of 2-6 days.

Observations of soil moisture conditions indicated that periods of
sol]l moisture stress occurred in all of the study areas with the
exception of the tail study area in Tract 11 (Table 28). Overall, soil
moisture stress appearsd to be a greater problem in Tract 11 than in
Tract 1. In fact, the most serious soil moisture stress conditions
were observed in Stage II, Tracts 4 & 5. Over 27 percent of the
observations in this study site indicated dry, cracked soils.

Because observations were not conducted or alternate days in all
of the study sites, 1t was difficult to determine the duration of soil
moisture stress. However, it appeared that periods of soil moisture
stress usually lasted for at Jeast two days in most of the study areas.
It is probable that longer periods of soil moisture stress developed in
Tracts 4 and 5. Thus, soil moisture stress probably contributed to
yield reductions in all but the tail study site of Stage II.
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Table 28. Observations of £311 moisture conditions as a percent of
total observations in selected liyaddas in Kaudulla study
sites (1986 yala).

Stage I Stage II
Tract Tract Tract Tract Tract Tract
Observation 1 4 8 1 445 12
Dry, cracked soil 2,2 0.9 1.6 4,2 27.1 0
Wet soil 30.7 18 34.6 3.6 39.2 21.8
1-5 cm standing water 49, 49 58 51.3 29,1 74.5
> 5 an standing water 17.1 35 5.8 25 4.6 0

NOTE: Stage I, Tract 1. Observations on 35 livaddas (4 allotments)

for 46 days over a 91-day period, beginning on June 2.

Stage I, Tract 4. Observations on 119 liyaddas (12 allotments)
for 11 days over a 92-day period, beginning on June 2.

Stage I, Tract 8. Observations on 20 ]liyaddas (5 allotments)
for 12 days over a 77-day period, beginning on June 18.

stage II, Tract 1. Observations on 27 ljyaddas (4 allotments)
for 21 days over a 70-day period, beginning on June 21.

stage II, Tracts 4 & 5. Observations on 33 livaddas (3 allot-

ments) for 22 days ¢ er a 69-day period, beginning on June 21.

Stage II, Tract 15. Observations on 51 liyaddas (6 allotments)
for 15 days over a 76-day period, beginning on June 19.

i. Weed Control

Environmental conditions 1n paddy fields favor the growth of many
aquatic and semi-aquatic weeds that directly compete with rice plants
for nutrients, sunlight, and space. Many of these weeds also serve as
alternate hosts for disease and insects that attack paddy. Thus, when
weeds are not controlled, substantial reductions in paddy yields
usually occur. In addition, the quality of the harvested grain is
often reduced by the oresence of weed seed.

Weed control should begin with land preparation. Thorough land
preparation can reduce initial weed infestations in newly planted
fields; thus decreasing the amount of time and effort required to
control weeds after planting paddy. Earlier in this report, the
quality of land preparation in all of the study areas was rated as poor
to average. Most fields would have developed serious weed problems
after planting.

The method of planting the cultivator uses also affects weed
populations. It 1s recognized that transplanted paddy, because of its
age and size at planting, is better able to compete with initial weed
infestations than broadcast paddy. In general, weed infestations in
transplanted fields (24 percent of the Kaudulla study area) were lower
than in broadcast fields.
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While a cultivator may reduce weed problems with proper land
prepairation and by transplantird, 1t may still be necessary te control
weed infestations after planting. Research has shown that maximum
paddy ylelds were obtaired from fields 1n which weeds wore properly
controlled within the first 20-30 days after planting (University of
the Philippines, 1970). Accordingly, the Sri Lanka Agriculture
Department recommends that weeds be coutrolled by hand or thiough
herbicide applications within the first 30 Jays after transplanting or
broadcasting paddy. Depending on ths severity of weed infestation, 1
to 2 weed control operetfons were recommendad.

Weed control was practiced in 71 perccat of the paddy fields in
the Kaudulla study area (Table 29). MWith the exceptions of Trac*t 4 and
Tract 8 of Stage I, weed control efforts were high in all of the study
sites. Kaudulla cultivators primarily used herbicides to control weeds
in paddy. Hand weeding was only practiced in three of tue study sites.

Table 29. The percent of fields in the Kaudulla study area 1n which
herbicides, hand weeding, or no weeding were practiced

(1986 yala).

i Stage I Stage II

Weeding Tract Tract Tract Tract Tracts Tract Total

Method 1 4 8 1 - 445 12 %

(n=24) (n=13) (n=37) (p=21) (n=29) (p=33) (n=157)

Herbicides 54 54 51 61 76 65 61
Hand weeding 0 38 ¢ 24 0 0 10
No weeding 46 8 49 15 24 35 29

Two herbicides -- MCPA and 3,4 DPA -- were used by Kaudulla
cultivators. While both herbicides control only sedge and broadleaf
weeds, they are very effective when properly used. However, only 32
percent of the cultivators who applied herbicides obtained satisfactory
weed control (Table 30). Within sctudy sites, the percent of fields
where werds were adequately controlled by herbicides ranged from 14 to
54 percent. Lack of knowledge was the primary reason cultivators
failed to contrcl weed infestations with herbicides.

Table 50. The percent of fields in the Kaudulla study area in which
herbicides or hand weedirg were effective (1986 yalal.

Stage I Stage II
Weeding Tract Tract Tract Tract Tracts Tract Total
Method 1 4 8 1 445 12
Herbicides 54 0 32 62 27 14 32
Hand weeding - 0 - 100 - - 50
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Ethnic disturbances on the borders of Kaudulla Scheme increased
problems cultivators nad 1n obtaining labor to hand-weed fields during
the 1986 yala. This may the reason that only 10 percent of the
cultivators attempted to control weed infestations by hand. Weed
Infestations were adequately controlled by hand weeding in Stage II,
Tract 1. However, in Stage I, Tract 4, hand weeding was unsuccessful,

Overall, weed infestation was considered a major factor affecting
paddy ylelds 1in nearly all of the study sites. Only in Stage I, Tract
1 were weeds contrelled in a major portion of the fields.

J. Pest Control

The tropical climate of Sri Lanka favors the proliferation of
insect pests. This problem {is further accentuated on irrigation
systems such as Kaudulla, where a crop (rice) 1s grown year-round.
Failure to control insect pests usually results in substantial reduc-
tions in the quality and yield of paddy. For example, 24 separate
experiments conducted over six cropping seasons at the International
Rice Research Institute indicated that average paddy yields were
reduced from 5.3 t/ha to 2.0 t/ha in plots with no insect control (De
Datta, 1981). Although other management practices, such as weed
control, are effective in helping to reduce insect infestations,
controlling rice insects largely depends on the application of insec-
ticides.

Generally, Kaudulla farmers reported armyworm, stemborer, and
planthopper as the most important insect pests in paddy. Damage from
armyworm and stemborer usually occurred during both maha and yala,
whereas damage from planthopper occurred only during maha.

Insect infestations were observed in approximately 65 percent of
the fields in ithe study area (Table 31), The irsect pests were
primarily stemborers, thrips, whorl maggots, leaf foldars, armyworm,
and paddy bugs. Kaudulla cultivators applied insecticides In approxi-
mately 76 percent of the fields infested by insects. Only in Stage II
were there a significant number of fields in which insecticides were
not applied. This was particuiarly true in Stage II, Tract 1, where
Insecticides were only applied in 41 nercent of the fields.

Few cultivators applied insecticides more than once during yala
(Table 32). Data collecters indicated that many of the cultivators
alsc relied on old, superstitious practices such as placing palm fronds
in the paddy fields to prevent or stop insect infestations., 1In
addition, ethnic disturbances on the borders of the irrigation scheme
may have affected the cultivators! decisions ahout spraying insec-
ticides.

Kauduila cultivators indicated that insect infestation during the
grain-fi1ling stage was more serious than in previous years. However,
they were unwilling to apply fiisecticides to control these insects for
fear of contaminating the paddy with insecticide residues. As a
result, insect damage was considered a major factor in the lower than
normal paddy yields.
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Table 31. The number of fields in each study area where serious pest
problems were observed and insecticides were applied
(Kaudulla, 1986 yala).

Stage I Stage II %
Padcy Tract Tract Tract Tract Tracts Tract Total
Fields 1 4 8 1 485 12
(p=24) (p=13) (n=37) (n=21) (n=29) (p=33)
Insect
infestations 23 12 6 17 22 22 65

Insecticides
applied 22 11 6 7 17 15 76

Table 32. The number of fields in each study area where one, two, or
three or more insecticide applications were made (Kaudulla,

1986 yala).
Number of Stage I Stage II %
Applications Tract Tract Tract Tract Tracts Tract Total
1 4 3 1 445 12
One 21 3 5 6 17 15 86
Two 0 6 1 1 0 0 10
Three or more 1 2 0 0 0 0 4

A wide variety of insecticides were used by Kaudulla cultivators.
They included Azodrin (monocroptophus, Nuvacron), Osbac (Baycarb,
Bassa), Bayrusil (Ekalux, Quinalphos), Difazinon (Basudin), Phenthoate
(Elsan), Parathion (Alleron, Niran), Actellic, Dimethoate (Perfec-
thion), BHC, Carbofuran (Furadan Curaterr), Baytex (Fenthion, Lebay-
cid), Monitor (Methamidaphos, Tamaron), Malathion, and several cthers
which were not identified. Although the use of Malathion was supposed
to be restricted to the Government's anti-malarial program, Kaudulla
cultivators preferred Malathion over other insecticides and were able
to obtain it.

Observations of insecticide applications on Kaudulla indicated
that the majority of cultivators were unaware or the potential health
hazards associated with these chemicals. Insecticides were often mixed
near drinking wells in the field using drinking water containers to mix
the chemicals. In addition, cultivators sometimes mixed more than one
insecticide together, unaware of the potential hazaids associated with
mixing incompatible chemicals. Sprayer applications were made without
protective clothing, and usually when 1t was windy. The indifferent
manner in which insecticides were handled was made more serious by the
fact that several of the insecticides used by Kaudulla cultivators were
classified as highly hazardous chemicals. A highly hazardous classifi-
cation indicates that the chemical 1s extremely toxic (LD50 of 1-50
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mg/kg) and should be handled with extreme care to avoid potential
contamination through contact with the skin or from inhalation or
ingestion of the chemical.

k. Harvesting

Harvest Perjod. Earlier it was mentioned that in the kanna
meeting for the 1986 yala, a 125-day irrigation season was established.
This schedule was based on the cultivation of broadcast and trans-
planted, short-season paddy varieties. The scheduled harvest season
allowed approximately 20 days, beginning the second week of August, for
all harvesting to be completed (between 125 and 145 days after the
first water issue). The schedule allowed a minimum of nearly one month
between the completion of the yala harvest and the first water issue of
maha (trentatively scheduled for October 10). This one-month period was
considered essential to properly maintain the canal system and to
provide Kaudulla cultivators with an opportunity to market their paddy
and make the necessary financial arrangements for the maha paddy crop.

Recall that the scheduled irrigation deliveries were extended by
approximately two weeks. This extension was primarily due to delays in
Tnitiating land preparation and from broadcasting long-season paddy
varieties.

The date when cultivators began harvesting was not obtained 1n the
Kaudulla study area. However, the date of harvest completion was
collected on 163 fields in the study area (Table 33). The first field
harvested was located in Stage I, Tract 8, and was harvested on August
6, 109 days after the first water issue. This field was transplanted
with a shert-season paddy variety (BG-34-8) that required 60 days to
mature from transplanting to harvest. The last field harvested was
located in Stage I, Tract 1. It was harvested September 28, 161 days
after the first water issue. This field was transplanted nearly three
weeks after the scheduled planting date. Although the cultivator
reported that he had planted a short-season variety, the crop was in
the field for 104 days, which suggested that it was a long-season
variety.

Overall, approximately 76 percent of the surveyed fields in the
study area were harvested within the scheduled period (Table 33),
Another two weeks were required before approximately 95 percent of the
fields were harvested. In Stage I, Tract 1, the extended cropping
season primarily resulted due to delays in completing land preparation.
Extended cropping seasons in the other field channels resulted from a
combination of long 1and preparation periods and broadcast sowing cf
long-season paddy varieties.

Paddy Yields. According to the Agriculture Department, the new,
high~yielding paddy varieties have potential grain yields of approxi-
mately 150 bu/ac. However, potential yields are seldom achieved in
actual field situations. More realistic potential yala paddy yields
would probably range from 120 to 130 bu/ac.
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During 1986 yala, paddy ylelds from 112 sampled fields in the
Kaudulla study area (Appendix G) averaged 69 bu/ac; ranging from a low
of 12,5 bu/ac to a high of 114 bu/ac (Table 34)., The highest paddy
yleld occurred in a field located at the hcad of Stage I. This field
was broadcast sown with a long-season paddy variety. The lowest paddy
yield occurred 1n a field located in the middle of Stage I. This field
was transplanted with long~season paddy varieties.

Table 33. The number of days required from the first water issue to
the completion of harvest for 163 paddy fields in the
Kaudulla study area (1986 yala).

Stage 1 Stage II
Number of Tract Tract Tract Tract Tracts Tract Cum
Days 1 4 8 1 485 12 %
(p=23) (n=19) (n=34) (n=21) (p=33) (n=33)

110
115
120
125
130
135
140
145
150
155
160
165
170
175
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Table 34. The maximum, minimum, and average paddy yields in the
Kaudulla study area (198 yala).

Stage I Stage IT
Tract Tract Tract Tract Tracts Tract Overall
1 4 8 1 445 12
------------------------ bu/ac====—cmmmc e
Maximum 113.8 95.5 102.6 103.2 103.4 101.9 113.8
Minimum 109.0 12,5 39.4 45 .8 26 .9 17.0 12.5
Average 86.0 58.3 65.8 66.7 70.5 61.9 69.1

The low average paddy yields obtained by Kaudulla cultivators were
partially explained by the occurrence of periods cf inadequate water
supply, which affected the quality of land preparation, increased
problems with weed control, and directly stressed some paddy fields
during critical stages of plant growth. Deficiencies in several
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management practices used by Kaudulla cudltivators also contributed to
low average yala paddy yields., Specifically, these practices were
Tnefficient use of agro-chemicals to control weeds and insect infesta-
tions, Tow application rates of potassium fertilizers, and late
applications of top dressings. In addition, the viability of paddy
seed used by Kaudulla cultivators was also suspect. However, specific
measuremerts to determine the quality of seed were beyond the scope of
this study.

Kaudulla cultivators indicated that the 198 yala paddy yields
were lower than expected. Cultivators attributed the lower than normal
ylelds to insect infestation and atnormally nigh winds, both of which
occurred during the flowering stage. Cultivators indicated that they
were afrald to use Insecticides during this period in case the 1nsec-
ticides decreased grain formation. It is generally recommended that
Tnsecticides not be applied during pollenation, as insecticides cause
pollen to become sterile. Dry, hot winds during pollenation may also
cause sterility in paddy. Because dry, hot winds are common during
this period in the Dry Zone, further investigation of the effects of
dry, hot winds on pollenation of paddy wouid be appropriate,

Coefficients of variation in yala paddy yields ranged from 20 to
180 percent 1n the study area. Extreme variations in paddy yields
(coefficlient of variation greater than 50 percent) occurred in approxi-
mately 25 percent of the sampled fields and were fairly uniformly
distributed over the study area. Thus, while yield variations were
significant in all study sites, expected varictions due to hydrological
location were not apparent.

Data on threshing, drying, and storage of harvested grain was not
collected. However, field observations during the harvest suggested
that substantial losses, both 1n quality and amount of harvested grain,
were incurred during threshing, drying, and transporting the harvested
grain., It would not be unreasonable to expect as much as 15 percent of
the harvested paddy to be lost during threshing, drying, bagging, and
transportation of grain,

Note that bunds around the perimeter of the liyaddas reduced the
actual cropped area by 5-10 percent. Thus, when losses associated with
harvesting were added to reductions in cropped area, cultivators
probably oniy realized about 75-85 percent of the grain ylelds es-
timated by the crop cuttings of the agronomy field investigations.

4. CONCLUSIONS

While 1t was commonly assumed that each farm family was associated
with a 2-ac (Stage II) or 3-ac (Stage I) allotment on Kaudulla, several
factors have influenced the actual unit of cultivation. First,
allotment boundary surveys and the original blocking out plans indi-
cated that the original allotment varied from 1-4 ac in Stage II and
from 2-6 ac in Stage I. Second, most of the allotments bordering field
channel and drainage channel easements have increased in area through
encroachment. Finally, increased population pressure on the land has
significantly decreased the unit of land available to an individual
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cultivator. During the 1986 yala, the 125 allotments that comprised
the study area (Stage I and Stage II) were cultivated by 157 indivi-
duals. Over 29 percent of these individuals cultivated 1 ac or Jess.

Soll surveys conducted by the Soil Survey Division of the Irriga-
tion Department {dentified two major soil types in the study area.
Reddish-brown earth soils occupied an average of 64 percent of the
study site and covered from 35-84 percent of any particular study site.
The majority of these soils were imperfectly drained as a result of the
shallow, fluctuating water tables associated with irrigation. Although
cultivation of these solls with crops other than paddy is possible,
special management practices would be required to do so.

Low humic gley soils occunied approximately 36 percent of the
study area and covered from 19-65 percent of any particular study site.
A11 of these soils were poorly drained and only suitable for rice
cultivation.

Although so1l survey and climate information suggested that from
35~-40 percent of the Kaudulla command area would support creps other
than paddy, approximately 96 percent of the study area was planted with
paddy during the 1986 yala. The other 4 percent was planted with
chili,

The kanna meeting to finalize the 1986 yglg irrigation schedule
was attended by less than 200 people, most of whom were vel vidanes
rather than Kaudulla cultivators. The irrigation schedule established
during this meeting provided 30 days of continuous water issues for
land preparation and 95 days of rotational issues for the cultivation
of short-season paddy varieties.

However, during the 1986 yala irrigation season, it was necessary
for the Irrigation Department to extend both continuous and rotational
water issues by two weeks. The extensions were necessary because conly
27 percent of the Kaudulla cultivators completed land preparation
within the scheduled period. An additional 25 days passed before 97
percent of the cultivators completed land preparation. The longer 1and
preparation period was primarily attributed to inadequate water
deliveries during land preparation, which delayed the initiation of
land preparation in a major portion of the fields by 20-30 days.

Nearly 70 percent of the cuitivators in Stage I used two-wheel
tractors for land preparation, whereas only 27 percent of the cul-
tivators 1n Stage II used two-wheel tractors for land preparation.
Overall, the quality of land preparation was better in Stage I than in
Stage II.

A1l of the cultivators in the study area planted high yielding
paddy varifeties during 1986 yala. However, approximately 10-15 percent
of the cultivators were unable to identify, or incorractly identified,
the variety of paddy they had planted.

Despite recommendations to plant short-season paddy varieties
during yala, as much as 35 percent of the study area was planted with
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long-season paddy varieties. More importantly, nearly 10 percent of
the Kaudulla acreage was broadcast sown with long-season paddy varie-
ties. Broadcast, long-season paddy varieties required an irrigation

season of 110-120 days and, thus, also contributed to the need to
extend the irrigation ceason,

Less than 10 percent of the Kaudulla cultivators followed the
Agriculture Department's fertilizer recomrendations for paddy.
Although fertilizer applications 1n paddy .ields were generally higher
than expected, basal fertilizer applications were not made in 51
percent of the paddy fields. Instead, most cultivators applied a first
top dressing of urea at 2-4 times the recommended rates. A significant
percentage of cultivators {ncorrectly applied TDM as a second top
dressing, and approximately 56 percent of the cultivators who applied
the third top dressing applied it too late to benefit the paddy. These
results suggest that the number and complexity of current top dressing
recommendations need to be evaluated.

Periods of soil moisture stress occurred in all of the study
sites. Although information on soil muisture stress was insufficient
for evaluation, the data suggested that periods of soil moisture stress
affected paddy ylelds in several of the sites.

The lack of weed control was regarded as a serious problem on
Kaudulla. Weed control, using eifther herbicides or weeding by hand,
was attempted in 61 percent and 10 percent of the fields, respectively.
Herbicide applications were only effective in 32 percent of the fields,
while hand weeding was only effective in 50 percent of the fields.

Infestations of armyworm, stemborer, thrips, whorl maggots, leaf
folders, and paddy bugs were observed in 65 percent of the fields 1in
the study area. Insecticides were applied in approximately 76 percent
of the fields in which insect infestations occurred. The indifferent
manner in which insecticides were mixed and applied was considered a
very serious problem that not only threatened the health of the
individual using the insecticide, but also other family members and
neighbors.,

The 1986 yala paddy yields for Kaudulla averaged only 69 bu/ac.
Withir study sites, average yields ranged frecm 58 bu/ac to 86 bu/ac.
While average paddy yields in Stage II were slightly lower than average
paddy yields in Stage I, expected differences in paddy yields as a
result of hydrological position along the main channels were not
observed.
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D. ECONOMICS
1. INTRODUCTION

This section provides baseline economic data on the Kaudulla
Scheme. Economic data collected during 1986 yala provides insight into
the farmers economic and financial positions during this important
cropping season. Such insight, together with the data collected by the
other disciplines, will help in understanding the farmers' overall
position. Such knowledge will also be useful in reaching judgments on
the effectiveness of irrigation deliveries, support services, and
financial institutions.

Specifically, the objectives of this section are to provide an
understanding of the economics of the farmers! current agronomic
practices, their efficiency in water use, and the equity of water
distribution. Such knowledge should help the Ministry of Lands and
Land Development (MLL.D) identify farmers' interests and problems, and
subsequently to set priorities for improvement. Such improvements
could be implemented through the Irrigation Systems Management (ISM)
Project, as well as by other means.

The economics report concentrates on the benefits and costs of
paddy culvtivation for 198 yala. This seascn represents a '"good" year
in that water issues from the tank were said to be at design capacity,
but also a "poor" year as far as farmers! feelings about paddy yields.

This section describes the methods the economics component used to
gather and analyze data, presents and discusses the results, and draws
conclusions. This format, as well as much of the text, follows that of
the companion report on the 198 yala survey of sample farmers on the
Minneriya Scheme. In fact, through the use of word processing and
spreadsheet analysis, the author produced the two reports "in carbon
copy," except for the differing questionnaire results and their
interpretations.

2. METHODOLOGY

The information contained in this section came mostly from
interviewing 77 farmers (80 were selected, but 3 were not located or
did not give the requested information). Of this total, 23 were from
the head, 19 were from the middle, and 35 were from the tail of the
system. Together, they held 1.3 percent of the scheme's irrigable
area, Approximately half of these farmers were located within
Kaudulla's Stage I development, and the other half were within Stage
II.

To select these farmers, the diagnostic analysis team chose six
locations: two each from the head, middle, and tail of the system. The
two head locations were no more than 2.5 km downstream from the main
sluice. The middle and tail locations were 8 to 12 km and 14 to 19 km,
respectively, from the main sluice.
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Irrigation Department staff suggested the specific locations,
giving primary emphasis to problem areas at the tail of the system.
Tail tarmers may find themselves disadvantaged compared to other
farmers when it comes to quantity and certainty of irrigation de-
Tiveries.

The team selected the other four Tocations to represent conditions
typical of the head and middle sections. Next, the team identified
fleld channels emanating fram the head, middle, and tail sections of
the distributaries. From a comprehensive 1ist of the allotments
pertaining to these field channels, the team selected two of every
three farmers to interview,

A team of five to six field investigators, usually working in
pairs, contacted farmers at their homesteads, which were usually
separated from the lowland allotments. The field investigators based
their formal interviews on a previously field-tested questionnaire of
330 items administered in two sessions of approximately two hours each.
The responses were to be "closed form"; 1.e., according to predeter-
mined sets of possible answers instead of in "open-ended" form, where
the responses are unrestricted. The field investigators conducted one
interview following planting and another after harvest.

As is common with comprehensive, but infrequently conducted
interviews of farmers, the results suffer from farmers' imperfect
recall and potential bias. Problems of recall occurred when famers
were asked to estimate routine activities, such as the amount of time
the family spent weeding. Problems of bias centered on farmers!'
reluctance to reveal personal items such as family income and 1and
transactions -- some of which viclated restrictions placed on the
settlers. Notwithstanding, the team judged the responses of the 77
farmmers as good. The economics team checked the reasonableness of
several responses by comparing the results to information obtained fram
other sources: 1nformal contacts, observations, and data collected by
the other disciplines.

3. RESULTS AND DISCUSSION

The survey results include information on farmers!' holdings,
11vestock, cropping patterns, cultural practices for paddy, water
management, labor inputs for paddy, use of improved practices, costs of
paddy production, paddy output and disposal, paddy yields, family
income, net protitability from paddy production, cash flows for paddy,
credit, and farmer attitudes.

a. Land Holdings

The 77 sample farmers owned 123 ac of lowlands, which they devoted
almost entirely to paddy production, and 84 ac of highlands for a total
of 207 ac. Of the lowland amounts, the farmers reported that they had
received 82 ac as part their original allotments, 33 ac from authorized
encroachments, and 8 ac through purchases. The respective highland
amounts reported were 49 ac, 29 ac, and 6 ac.
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Encroachment occurs when farmers move onto lands unauthorized as
part of their original settlement, including lands set aside for other
purposes, such as forestry. The lands become authorized when the
government formally acknowledges the farmers' rights to their use. The
data on landholding may be understated, due to government restrictions
on land transactions and encroachment.

The average farmer owned 1.6 ac of lowlands and 1.1 ac of high-
lands. Tables 35 and 36 provide distributional averages of respon-
dents' reported landholdings. Table 37 shows the combined lowland and
highland holdings. The amount of land owned by the sample farmers was
relatively small. Somewhat over 25 percent of the farmers owned iess
than 2 ac and about the same amount owned between 4 and 6 ac. The
smallness of holdings indicates the degree of fragmentation, which
resulted in part from the family practice of dividing land among its
members. Upper 1imits are set by the government's colonization policy.

Table 35. Average lowlands owned as reported by sample
farmers at Kaudulla, 1986 yala (n=77).

Location Head Middle Tail Total
(n=23) (n=18) (p=3%) (n=77)
----------------- acres/farmer-=———emeecee—-

Allotments 1.2 1.1 0.9 1.1

Encroachment

with permits 0.3 0.4 0.5 0.4

Purchases 0.1 0.1 0.1 0.1

Total 1.6 1.6 1.5 1.6

Table 36. Average highlands owned as reported by the sample
farmers at Kaudulla, 198 yala (n=77).

Location Head Middle Tail Total
(n=23) (n=19) {(n=35) (=77
----------------- acres/farmer-—==--==—cccee--

Allotments 0.7 0.6 0.6 0.6

Encroachment

with permits 0.2 0.3 0.5 0.4

Purchases 0 0.1 0.1 0.1

Total 0,9 1.0 1.2 1.1
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Table 37, Combined average lowland and highland ownership by
size of hoidings for Kaudulla sample farmers, 1986

yala (n=77).
Size Number of Farmers Percent
(ac/farmer) Head Middle Tail Total of Total
(n=23) (n=19) (n=358) (n=77)
<1 6 3 5 14 18
1-1.09 2 2 3 7 9
2 ~2.9 2 4 5 11 14
3 -39 7 6 9 22 29
4 - 4.9 1 2 13 16 21
5-6 5 2 0 7 9
Total 23 19 35 11 100

While the average holding may be small, individual Towland and
highland holdings were reported to be predominantly undivided into
smaller plots. Specifically, 18 percent of the farmers reported that
their lowland and highland holdings were divided into two plots, and
Just 3 percent reported that their holdings were divided into three
plots. The rest are single units of either lowland or highland, which
makes the farming more efficient.

Of the total sample farmers, 26 said they were the original
allottees, 9 said they were second generation owners, and 1 first
generation person (the spouse of the original allottee) and 1 third
generation person said they were owners. However, the majority (39)
sald they acquired Tand by other means -- possibly through purchase,
mortgage default, or transfers from relatives other than direct family.

To augment their holdings, some of the sample farmers occupied
encroached areas for which they have not yet received, or may not
receive, Government approval. Some sample farmers have obtained
additional land for cultivation through rentals or mortgages. Other
sample farmers rent, lease or mortgage portions of their holdings to
others. Most of the farmers reported money problems as their reason
for giving up the use of these lands. Table 38 shows the reported
amounts of unauthorized encroachment and lowland transfers. As for the
highlands, the sample farmers reported additions to their ownership
amounting to less than 3 ac total. Also, one farmer transfeired 1.5 ac
to his children. Thus, average highland cultivated areas were essen-
tially the same as average highland ownership. Table 39 shows that
after net acditions to holdings, 13 percent of the sampled households
cultivated less than 2 ac.

Subdivision of land among family members reduces the size of
family holdings somewhat. Of the 77 sample farmers, 5 heads of
households reported that they had subdivided the land with their sons
and one reported dividing his allotment with his wife.
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Table 38. Average net additional lowland transactions and total
lowland areas cultivated by the sample farmers at
Kaudulia, 198 yala (n=77).

Location Head Middle Tail Total
(n=23) (n=19) (n=3%) (n=77)
---------------- acres/farmer~—=e—-meecccmccemeaa
Net Additions
Encroachments
with permits 0 0 0 0
Net rentals or
jeases 0.5 0.3 0.1 0.3
Net mortgages 0 0.2 0.3 0.2
Given to
children 0 0.1 0 0
Subtotal 0.5 0.6 0.4 0.5
Owned 1,6 1,6 1.5 1.6
Total 2,1 2.2 1.9 2.1

Table 39. Combined Towland and highland areas farmed by the
sample farmers at Kaudulla, 1986 yala (n=77).

Number of Farmers

Size Head Middle Tail Total Percent
(ac/farmer) (n=15) (p=19) (n=35) (n=77) of Total
< 1% 1 0 0 1 1
1-1.9 2 4 3 9 12
2 ~-2.9 6 4 14 24 31
3 ~-3.9 9 5 6 20 26
4 - 4.9 1 2 11 14 18
5 ~-5.9 4 3 0 7 9
6 = O¥* 0 1 1 2 3
Total 23 19 35 17

*] farmer reported farming 0.5 ac.
*¥*] farmer each reported farming 7.5 and 8.25 ac.

In 40 cases the sample farmers reported engaging in either leasing
or mortgage transactions. For the 24 leasing cases, the size of the
acquisitions averaged about 1.5 ac. For the 16 mortgage cases, the
size of the acquisitions averaged slightly less than 1 ac. About half
of these transactions were for a single season; the other half ranged
between one and three years. Lease rates averaged Rs. 620/ac/season
when cash was the means of payment and 20 bu/ac/season when payment was
in kind., Mortgage amounts ranged from Rs. 600 to Rs. 11,000. The
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survey did not obtain details on repayment requirements for these
mortgages.

b. Livestock

In addition to landholdings and acquisitions, farmers also derived
utility and income from various types of 1ivestock. Of outstanding
importance were the farmers' buffalo, which they used for power,
transportation, and food. S1ightly over one-hilf of the sample farmers
owned two or more buffalo, which were a major alternative to tractor
power. While four farmers reported owning one buffalo each, on average
the sample farmer owned nearly three buffalo.

Of less significance among the farmers interviewed were the cattle
and poultry. Nearly one-fourth of the sample farmers owned an average
of about two cattle. The largest number of cattle owned by a single
farmer was five. Eight farmers reported owning chickens ~- one farmer
owned 30 chickens. However, the average number of chickens owned was
11. While some of the farmers sald they held cattle and poultry for
commercial purposes, only two farmers reported receiving income from
them (Rs. 900 for the season). A samewhat higher percentage of tail
sample farmers reported owning cattle and poultry than did those
farmers in the head and middle regions of the scheme.

c. Cropping Patterns

Travelling through Polonnaruwa District, one is struck by the
dominance of paddy cultivation over other farming activities. Data
gathered by field investigators supported this observation. All but
one of the 77 sample farmers reported growing paddy on an estimated 153
ac. Twelve farmers reported growing chilies on 8 ac. Thus, of the two
crops reported growing, 95 percent of the area was used for paddy.

The area reported devoted to paddy and chilies totaled 161 ac.
Compared to the total Towland area of 153 ac, this means farmers must
have used some of their highlands to cultivate these crops. Since both
of these crops are 1ikely to require irrigation during yala, some of
the highlands must have been irrigated, even though highlands are not
formally served by the irrigation system.

Farmers are known to convert the highlands into Towlands through
excavation. The lowered surfaces can then receive irrigation de-
1iveries. Farmers also sometimes siphon water to uncommanded areas
from delivery channels. Another pcssible source, which the question-
naire did not cover, could be water supplied through pumping.

Eighty-four percent of the farmers said they preferred growing
paddy, citing ease of production and higher profitability as their
reasons for doing so. Higher profitability is somewhat surprising,
given the studies (Skogerboe et ~1., 1984) that show chili production
to be considerably more profitable than paddy production. A possible
explanation is the farmers' unfamiliarity with chili production.
Suitability of soils also accounted for some of the farmers!' pre-
ference, depending on their location. Paddy production is favored by
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the 1ow humic gleys, whereas chili favors the better-drained, reddish-
brown earth soils,

The data show that 78 ac were devoted to permanert crops, which
approximates thz acreage reported earlier as highlands under produc-
tion, On these 78 ac, tarmers reported the foliowing average number of
trees per acre: 18 coconut trees, 14 banana plants, 3 mango trees, 2
Jack trees, and 2 papaya trees.

d. Paddy Activities

The diagnostic analysis team {dentified 18 basic activities
associated with yala paddy production by the 76 farmers reporting on
this crop. These activities began with field channel cleaning and
ended with transporting paddy tc market. While the questionnaires
Indicated that not all the farmers participated in all of the ac~
tivities, the majority of them auid. Below is the 1ist of paddy
activities studied 1n 1986 yals.

* cleaning field channels ¥ weeding
* plewing * managing water
* harrowing * reaping
* preparing seedbeds * bundling and collecting
* making por' ela * preparing the threshing
* cleaning and plastering floor

bunds * threshing
* seeding * winnowing and bagging
* applying fertilizers * transporting from field
* .pplying insecticides to home

* transporting to market

Various aspects of these activities are discussed i1n more detail in the
following sections. However, some general observations follow regard-
ing a few of these activities.

Sixty-seven farmers broadcast seed on the lowlands an average of
1.0 ac/day. Twenty farmers transplanted seedlings on the lowlands at
an average rate of 0.37 ac/day. Four farmers broadcast seed on the
highlands at an average rate of 0.86 ac/day. None of the farmers
reported transplanting 1n highland areas. Based on total area reported
planted 1n paddy, 21 percent, 28 percent, and 17 percent of the
respondents transplanted paddy in the head, niddle and tail regions,
respectively. A1l farmers reported using high-yielding varieties, with
nearly 67 percent planting BG 8/34 -- a short-season variety. BG
2/379, BCG 6/34, and a few other varieties were used in considerably
fewer Instances. Three-quarters of the farmers reported using their
own seed, while another 20 percent acquired seed from their neighbors,
Seeding rates averasd 2 bu/ac. Seed selection and seeding rates apply
to all locations, vhether head, middle or tail.

Sixty-nine farmers reported applying basal fertilizers, 75 used a

first top dressing, and 70 used a second top dressing. Thus, fertili-
zer use 1s widespread., Amounts for each of these thres applications
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for head, middie and tail farmers all averaged close to 55 kg/ac
according to respondents' reports.

Farmers reported using Vi, 1DM, and urea for these three applica-
tions and obtaining their supplies from private traders. Half of the
farmers stated they applied the recommended rate, and 45 percent of the
farmers said they applied less than the reccmmended rate, leaving only
a few who applied more than the recommended rate. Two-thirds of sample
farmers at the head said they applied less than the recommended rate,
one-half in the middle said they applied less than the recommended
rate, and only one-quarter of farmers at the tail said they applied
less than the recommended rate. Frequently, farmers gave money
problems as the reason for applying less than the recommended rates.
However, some said that their experience justified applying either more
or less than the recommended amount.

Sixty-two farmers reported applying insecticides at an average
rate of 1.1 bottles/ac. Head farmers applied 28 percent less than the
average, middie farmers applied 38 percent more than the average, and
tail farmers applied the average. As a percentage of total area
planted to paddy, 56 percent, 74 percent, and 91 percent of the head,
middle, and tail farmers, respectively, applied insecticides to their
fields. Combining the application rates and the areas covered indi-
cates that middle and tail farmers applied twice the amcunts as did the
head farmers.

Farmers reported applying insecticides to combat leaf folder and
stemborers 1n 84 percent of the cases. Farmers reported the brown
plant hopper, rice bug, leaf-eating caterpillar, and thrips as being
less important. Nearly all said they appiied the recommended amounts
of insecticide. Those few who said they did not apply recommended
rates, claimed they did not know what the recommended rate should be.

The majority of farmers reported using weedicides, manually
weeding, or both. Seven farmers reported no weed control efforts.
Five of these farmers had transplanted paddy. Rates of weedicide
application were relatively similar among head, middle, and tail
farmers, averaging 2.4 bottles/ac. The percerntage of area receiving
some form of weed control, and the rates of weedicide applied, showed
substantial similarities amorng the head, middle, and tail farmers. The
weed most frequently mentioned was gayari (a grass) followed by kuda
metts (a sedge) and bagari (a grass).

Nearly all of *he farmers reported that they applied the recom-
mended weedicide rates. Few of the respondents supported the idea of
mezhanical weeding., Head, middle and tail farmers varied 1ittle in
their responses to weedicide use, weed problems, recommendation rates,
and weeding preferences.

On average, farmers estimated that they spent 14 hrs/week irri-
gating. This average 1s the combination of 3.3 days/week for 4.2
hrs/day. Significantly, head farmers estimated that they spent 5.2
hrs/day, compared with slightly less than 4 hrs/day for the middle and
tall tarmers. Thus, head farmers reported spending about one-third
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more time on water management than did the others. A greater abundance
of water available to the head could account for the greater time
needed to apply it. When water is abundant, however, farmers are more
11kely to be less careful managing 1t. Farm size does not provide an
explanation, since the size of the head farmers' holdings approximated
the overall average. Consequently, no clearcut explanation for the
difference in time spent on water management came from the data
collected. Moreover, the questionnaire's report on man-days of
activity for yala suggests that farmers spent less time on water
management than reported here.

A slightly higher percentage of head farmers reported receiving
less than their requirement for water (35 percent), compared to 21
percent of the middle farmers and 30 percent of the tail farmers.
Overall, 50 percent of the farmers said they had water management
problems. Apparently some of the farmers associated water management
problems with something other than the general availability of water.
The questionnaire did not provide information on farmers' use of
drainage water, nor was information available on water supplied through
capillary action. Drainage water and groundwater quality was genarally
considered good. These sources, together with occasional rainfall,
somewhat diminished farmers' reliance on the delivery system.

Almost all respondents reported costs associated with reaping,
bundl ing and collecting, preparing the threshing floor, and threshing.
A1l of the farmers reported labor ccsts for winnowing and bagging, but
only ten farmers reported costs for winnowing fans., Six of these
farmers were from the head, while only two each were from the middle
and tall sections.

About 80 percent of the farmers reported jabor costs for trans-
porting the paddy from the fields tc their homesteads, and about 30
percent reported tractor costs for this purpose. The head farmers
Tncurred somewhat fewer costs than average for both labor and tractors.

Only 12 of the 76 farmers reported spending time to market their
paddy. Most of the farmers sell their paddy to private firms that come
to the farmers' gate. Four farmers had not sold their marketable
surplus by the time of the survey, and two others reported no mar-
ketable surplus.

e. Paddy Labor

This section concentrates on the amount of Tabor reported required
to do the foregoing activities. Included are estimates of man-day
requirements for each activity. Values are given for head, middle, and
tail farmers; for family, hired and contract labor; and for male and
female workers. To focus the reader's attention, we present labor
requirements for the typical set of farming paddy activities. The
section closes with a comparison of these requirements and the avail-
abi11ty of family labor.

Requirements. The cample farmers met their labor requirements for
paddy production through that available from their own household, and
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by hiring laborers daily or through contracts to perform specific
activities. We assumed that farmers exchange labor at times of special
need. While we did not have specific information on such communal
activities, we have assumed that the net effect was to even out farmers
labor requirements rather than to increase or decrease the amount.
Table 40 1ists the average farmers' labur requirements overall accord-
1ng to their location at the head, middle, or tail of the system. The
heaviest labor requirement was for transplanting; labor required for
broadcasting was relatively small. Manual weeding also requi red
considerable labor.

Comparisons among head, middle and tail farmers showed only minor
differences in practices, as wculd be expected. An exception was the
larger average labor requirement by tail farmers for transplanting.
However, the number of cases where this was found was too small to draw
ccnclusions about the significance of this finding.

The farmers' estimate of 6.9 man-days for water management does
not agree with their responses to the days per week and hours per day
spent on this activity. The 14 hrs/week mentioned earlier may be an
upper 11mit and the 6.9 days/season reported here may represent the
lower 1imit. Farmers may manage water while also performing other
duties, and consequently did not think of water management as a
separate activity.

Table 41 tells whether the labor was supplied by the farmer's
family, hired daily, or provided through contract. The dominant supply
of Tabor came from the family. Contract labor seemed to be reserved
for transplanting, ieaping, bundling, and collecting. The farmers!
relfance on hired tabor was surprising. Hired labor inputs were
comparable to those of the family for reaping, bundling, collecting,
threshing, winnowing, and bagging.

Table 42 shows the division of farmers' labor according to gender.
Wamen undoubtedly perform a variety of farming activities when special
needs arise, but the major contribution women were reported to make
were transplanting and weeding and, to a lesser extent, reaping,
bundling, and collecting.

To gain a fuller understanding of labor requirements, one must
know more about the characteristics of farmers' practices. Table 43
provides a breakdown of the 76 sample farmers' responses based on
whether they cultivate with tractors or buffalo and whether they
transplanted or broadcast their paddy fields. The table also reveals
the extent to which they applied weedicides and relied on insecticides,
both of which reflect elements of modern agricultural practices. We do
not show the breakdown of chemical fertilizer application, since all
but two of the sample farmers reported their use.

The dominant practice is the combination of buffalo use and
broadcast paddy. The table indicates that 41 percent of the sample
farmers reported relying only on this approach. Nine farmers used
buffalo, broadcast, and also transplanted their fields. Combined, the
percentage of farmers using buffalo and broadcasting at least some of
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Table 40. Average labor requirements for paddy production -~ overall
and by head, middle, and tail as reported by Kaudulla
respondents, 198 yala (n=76).

Head Middle Tail Total

Activities (n=23) (n=19) (n=34) (n=76)

-------------- man-days/farmer¥=——eceecmcaam-

Cleaning field channels 1.96 1.50(18)**  1,70(32) 1.73(73)

First plowing

tractor 2.08(6) 1.85(5) 1.63(8) 1.83(19)

buffalo 5.24(17) 4.57(14) 5.94(26) 5.39(57)
Second plowing

tractor 2.09(6)  2.46(6) 1.66(16) 1.90(28)

buffalo 5.24(17) 4.35(13) 7.38(17)  5.77(47)

Harrowing

tractor 1.90(5)  2.00(3) 1.37(7) 1.67(15)

buffalo 4.08(18) 3.53(le) 3.46(27) 3.66(61)
Preparing seedbeds

(for transplanting) 3.67(6)  2.29(7) 3.92(6) 3.24(19)
Making poru ela

(for broadcasting) 6.33(20) 7.56(18) 6.26(29) 6.63(67)
Cleaning and .

plastering bunds 12.76 16.26 14.44 14.39
Seeding

transplanting 30.86(7) 32.57(7) 46 .50(6) 36.15(20)

broadcasting 2.08(19) 1.58(18) 1.75(30) 1.80(67)

Applying fertilizers 2.00(22) 1.97(19) 2.18(33)  2.07(74)

Applying insecticides 1.29(12) 2.25(16) 1.73(32) 1.78(60)

Weeding

weedicides 1.69(16) 1.57(15) 1.84(25) 1.72(56)
manually 13.50(6) 14.77(13) 15.72(23) 15.11(42)

Managing water 7.13 7.05 6.65 6.90

Roaping 17.61 16 .42 18.74 17.82

Bundling and collecting 11.39 11.32 9.97 10.74

Preparing the

threshing floor 3.18(22) 2.77(13) 2.83(24) 2,95(59)

Threshing 9.91 9.11 9.56 9.55

Winnowing and bagging 5.87 4.79 5.97 5.64

Transporting from

field to homestead 3.00(2) 1.80(5) 2.80(5) 2.42(12)

*Average area planted in paddy by location:
ac for middle, 1.92 ac for tail, and 2.01 ac overall.

**Yalues in () are numbers of farmers.

amount equals the value in the header.
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Table 41. Average labor requirements for paddy production by source of
supply on Kaudulla for 198 yala (n=76).

Activities Family Hired Contract Total
- man-days/farmer#

Cleaning field channels 1.62(70) %% 1,44(9) 0 1.73(73)
First plowing

tractor - -- - 1.83(19)

buffalo 4,09(43) 4,66(29) 0 5.39(57)
Second plowing

tractor - - - 1.83(29)

buffalo 4.00(36) 4.,88(26) 0 5.77(47)
Harrowing

tractor - - - 1,67(15)

buffalo 2.79(48) 3.20(28) 0 3.66(61)
Preparing seedbeds

(for transplanting) 3.13(19) 2.00(1) 0 3.24(19)
Making poru ela

(for broadcasting) 3.37(59) 4.47(55) 0 6.63(67)
Cleaning and

plastering bunds 8.07(67) 9.68(57) 0 14,39(76)
Seeding

transplanting 10.06(17)  23.53(15) 39.00(4) 36.15(20)

broadcasting 1.63(66) 1.86(7) 0 1.80(67)
Applying fertilizers 1.93(74) 2.25(4) 0 2.07(74)
Applying insecticides 1.62(56) 2.00(8) 0 1.78(60)
Weeding

weedicides 1.53(55) 1.79(7) 0 1.72(56)

manually 7.78(39) 16.55(20) 0 15.11(42)
Managing water 6.90(76) 0 0 6.90(76)
Reaping 14.50(76) 2,75(24) 6.41(29) 17.82(76)
Bundling and collecting 9.05(76) 2.35(26) 4.79(14) 10.74(76)
Preparing the

threshing floor 2.24(54) 2.30(23) 0 2.95(59)
Threshing 3.49(71) 6.83(70) 0 9.55(76)
Winnowing and bagging 3.02(66) 3.54(65) 0 5.64(76}
Transporting from

field to homestead 2.33(9) 2.67(3) 0 2.42(12)

*Average area planted n paddy is 2.0 ac.
¥*¥alues 1n () are numbers of farmers. MNumbers across may not total
since some farmers use more than one source of labor.
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Table 42. Average labor requirements for paddy production by gender
as reported by Kaudulla respondents, 1986 yala (n=76).

Activities Male Female Total
-------- man-days/farmers¥*-——ececeeeex

Cleaning field channels 1.73(73) *# 0 1.73(73)
First plowing

tractor 1.83(19) 0 1.83(19)

huffalo 5.39(57) 0 5.39(57)
Second plowing

tractor 1.90(28) 0 1.90(28)

buffalo 5.77(47) 0 5.77(47)
Harrowing

tractor 1.67(15) 0 1.67(15)

buffalo 3.66(61) 0 3.66(61)
Preparing seedbeds

for transplanting 3.24(19) 0 3.24(19)
Making poru ela

for broadcasting 6.63(67) 0 6.63(67)
Cleaning and

plastering bunds 14.39(76) 0 14.39(76)
Seeding

transplanting 13.50(16) 26.68(19)  36.15(20)

broadcasting 1.80(67) 0 1.80(67)
Applying fertilizers 2.07(74) 0 2.07(74)
Applying insecticides 1.78(60) 0 1.78(60)
Weeding

weedicides 1.72(56) 0 1.72(56)

manually 7.33(20) 13.56(36) 15.11(42)
Managing water 6.90(76) 0 6.90(76)
Reaping 14.50(76) 6.46(39) 17.82(76)
Bundling and collecting 9.05(76) 3.88(33) 10.74(76)
Preparing the

threshing floor 2.95(59) 0 2.95(59)
Threshing 9.55(76) 0 9.55(76)
Winnowing and bagging 5.64(76) 0 5.64(76)
Transporting from

field to home 2.42(12) 0 2.42(12)

¥Average area planted in paddy is 2.0l ac.
*¥XValues in () are numbers of farmers. Numbers across may not total
since some farmers use more than one source of labor.
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Table 43. Cultural practices reported by the sample farmers 1in
Kaudulla, 1986 yala (n=76).

Insect and Seeding Method Total
Traction Weed Control Transplant Broadcast Both Responses

Total farmers
using tractors

only 2 15 0 17
Weedicides only 0 8 8
Weedc./manual 0 6 6
Manual only 2 0 2
No weeding 0 1 )
Insecticides 2 14 16
No insecticides 0 1 1

Total farmers

using buffalo

only 5 31 9 45
Weedicides anly 0 12 4 16
Weedc./manual 0 12 4 16
Manual only 1 5 1 7
No weeding 4 2 0 6
Insecticides 4 23 8 35
No insecticides 1 8 1 10

Total farmers

using tractors

and buffalo 1 11 2 14
Weedicides only 0 6 1 7
Weedc./manual 0 4 0 4
Manual only 0 1 1 2
No weeding 1 0 0 1
Insecticides 1 8 2 11
No insecticides 0 3 0 3

Total farmers 8 57 11 6
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their fields was 53 percent of the total. The prevailing technology 1is
labor-saving tihrough the farmer's use of purchased inputs. The next
most prevalent practice was that of tractor use and broadcasting.

Several reasons could explain the farmers' heavy reliance on
buffalo, rather than tractors. In view of a tractor's relatively high
cost, 1imited income and wealth must inhibit many farmers from purchas-
Tng them. The popular two-wheeled Japanese tractor, complete with
attachments, reportedly costs Rs. 70,000. Considering that many
families' annual net cash income may be no more than Rs. 5,000, and
that most farmers do not have access to medium- or long-term bank
credit, they are unable to purchase a tracter. Moreover, the farmers
small holdings reduce the need for tractor power. While irrigation
scheduling could be improved through more coordinated land preparation,
the Irrigation Department accommodates buffalo plowing by lengthening
the pre-planting irrigation beyond the 30 days rominally set during the
pre-season planning (kanna) meetings.,

Table 44 shows that the farmer who relied on buffalo, broadcast,
and used fertilizers, pesticides, and weedicides averaged 101 man-days
of labor during 198 yala. The farmers used Jjust over half this amount
to clean and plaster bunds, reap, bundle, collect, and thresh. A
representative farm family obtained 66 percent of its labor require-
ments from within the family 1itelf.

The female's contribution to farming activities for a "typical"
farm as reported by sample farmers was 5.4 percent on farms that relied
on weedicides only and 8.6 percent on farms that relied on weedicides
and manual weeding. We estimated the larger percentage by assuming the
representative farmer used weedicides one~half of the time and manually
weeded the other half of the time.

This smail contribution from women 1s surprising and may be the
result of the way the questionnaire was constructed (in addition, men
were Interviewed to obtain this information). The farmers were asked
to 1ist female labor for only transplanting, weeding, reaping, bund-
1ing, and collecting. Since the most representative farmer broadcast
rather than transplanted, and often relied on wzedicides instead of
manual weeding, women's labor contribution in many of these cases may
have been 1imited to reaping, bundling, and collecting. However, to
the extent that women engaged at least marginally in other activities,
their overall contribution would be larger than the percentages stated
above. In fact, the farm women interviewed by the women in development
component reported much higher agricultural participation,

The greatest seasonal labor requirements (145 man-days) were
associated with plowing with buffalo, transplanting paddy, and weeding
manually. The least labor requirements (92 man~days) were associated
with farmers who used tractors, broadcast paddy, and relied on weedi-
cides. Interestingly, the low labor alternative is strikingly close to
the most representative case, differing only in the use of buffalo
Tnstead of tractors. Generally, farming activities and the associated
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Table 44, Labor requirements for the typical Kaudulla paddy farmer by
farming types in 198 yala.

Most Labor Labor
Activities Common Intensive Saying
-------- man-days/season¥=mwemwenaw=

Cleaning field channels 1.73 1.73 1.73
First plowing

tractor 0 0 1.83

buffalo 5.39 5.39 0
Second plowing

tractor i 0 0 1.90

buffalo 5.77 5.77 0
Harrowing

tractor 0 0 1.67

burfalo 3.66 3.66 0
Preparing seedbeds

(for transplanting) 0 3.24 0
Making poru ela

(for broadcasting) 6.63 0 6.63
Cleaning and

plastering bunds 14.39 14.39 14.39
Seeding

transplanting 0 36.15 0

broadcasting 1.80 0 1.80
Applying fertilizers 2.07 2,07 2.07
Applying insecticides 1.78 1.78 1.78
Weeding

weedicides 1.72 0 1.72

manually 0 15.04 0
Managing water 6.90 6.90 6.90
Reaping 17 .82 17.82 17.82
Bundl ing and collecting 10.74 10.74 10.74
Preparing the

threshing floor 2.95 2.95 2.95
Threshing 9,55 9.55 9.55
Winnowing and bagging 5.64 5.64 5.64
Transporting from

field to homestead 2.42 2,42 2.42
Total 100,96 145,24 9l.54

¥Based on overall values for 76 farmers as shown in Table 40, and on
an average paddy area per farmer of 2.01 ac.
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labor requirements were reasonably uniform for head, middle, and tail
farmers,

Supply. The questionnaire did not provide information on family
size or household labor available for paddy production. The Govern-
ment's Consumer Finance and Social Economic Survey for 1981-1982,
however, 1ndicated that family size for the whole of Zone II, which
includes Polonnaruwa, was 5.3 (Central Bank of Ceylon, 1984). Con-
sidering that rural families might be somewhat larger than urban
families, Kaudulla farmers might have an average family size of 5.5
members. Thus, two full-time adult workers might be a reasonable
estimate of available family labor. This estimate would allow for a
male head of household, inputs from an elder son, and occasional inputs
from the vife, Over the irrigation season (mid-Apiri1 through August),
the family would therefore have roughly 220 days of labor available,
This estimate allows for one day of rest per week and a few days for
holidays or other occasions when work is not done.

The cropping requirements for the typical situation, shown in
Table 44, is 101 man-days. Constdering that the sample farmers
provided about two-thirds of this input (using data from Table 41, then
the family's supply of labor exceeds 1ts input by more than three times
(220 divided by two-thirds of 10 = 3.3). This ratio seems reasonable
when allowing for the non-uniformity of labor requirements throughout
the season and farmers' other responsibilities and preferences. The
sample farmers' reliance on hired labor, some custom services, and
labor saving practices such as broadcasting and chemical weed control
supports this conclusion. Were credit more abundant or the cost of
tractors less, cne could expect considerably more farmers to cultivate
with tractors.

f. Paddy Costs

This section provides information on the costs of paddy production
as reported by the 76 sample farmers. These costs concern purchased
materials, hired and contract labor, the services of buffalo and
equipment, and the family's own labor. For family labor and where the
farmers used their own tractors and buffalo, the costs do not represent
actual cash expenditures. Rather, the costs reported on the question-
naires represent what economists call "opportunity costs"; i.e., the
value of an item in {its best alternative use. For example, by assign-
1ng the standard daily wage of Rs. 30 for family labor, we assume that
fam1ly laborer could earn this amount were he or she to hire out
Instead of participating in the fam1ly's paddy production. Similarly,
where farmers own buffalo or tractors, the production costs represent
what these assets could earn were the farmers were to rent them out
Tnstead of using them for their own paddy production. In a subsequent
section we modify this approach as we investigate the sample farmers!
economic and financial positions. At that time we take account of the
sample farmers' various sources of income and costs other than those
directly related to paddy production.

In reviewing the costs of paddy production, we found that the
breakdown of farmer practices was reasonably c¢onsistent among head,
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middle, and tail farmers. For example, the predominant system of
buffalo traction and broadcasting occurred 41 percent of the time among
head farmers, 37 percent of the time among middle farmers, and 44
percent of the time among tail farmers, compared with 41 percent
overall. In view of this similarity, we chose to present paddy
production costs for the sample group as a whole, rather than by head,
middle, and tail groupings. Table 45 shows average costs by type of
Tnput for each activity. Since the area planted to paddy averaged 2.0l
ac/family, the costs per acre are half those shown in the table.

To give these individual costs more meaning, we applied them to
the most common set of paddy practices, which was using buffalo,
broadcasting, and weedicides. This set of practices costs Rs. 7,011/
farmer, as shown in Table 46, or roughly Rs., 3,490/ac. This result
agrees closely with that obtained by the design team for the Irrigation
Systems Management Project (Skogerboe et al., 1984). Their overal]
estimate for these same items came to Rs. 2,950/ac for a representative
season in 1984. Adjusting for inflation brings these values close
together, although individual costs occasionally differ significantly.

Somewhat less than half (43 percent) of total costs were for
labor, for which the family accounted for two-thirds. The assumption
that the value of family labor equals the market wage of Rs, 30/day is
important in evaluating these costs. About two~thirds of equipment and
buffalo were for plowing and harrowing., Many of the farmers used their
own buffalo, which have been herein charged at the market rate of
approximately Rs. 100/day. Fertilizers accounted for Just over half of
material costs. Combined, family labor, buffalo and fertilizers
accounted for 64 percent of total costs. Note that when farmers owned
buffalc the only cash expenditure was for fertilizers.

To evaluate the differences in costs between the predominant set
of cultural practices and the labor intensive and labor saving methods,
we need to focus on the relative costs of traction, seeding, and
weeding methods. The three sets of cultural practices result in
substantially different costs for seeding and relatively minor dif-
ferences in costs for tractors and weeding. Of course, more is
Tnvolved in the farmers' choices than just the costs per farm. Other
factors include timeliness of land preparation, access to funds,
availability of family and hired labor, variability of yields, and so
on.

The labor intensive method averaged Rs. 1,289 more than the Rs.
7,011 cost for the predominant method, bringing the cost of the labor
Tntensive method to Rs. 8,300. This cost 1s an 18 percent increase ~-
a sizeable amount. The labor intansive method incurs costs of Rs. 114
for preparing the seedbed, Rs. 1,28 for labor to broadcast, and Rs.
614 for manual weeding for a total of Rs. 2,014. The predominant
method incurs costs of Rs. 230 for making pory ela, Rs. 102 for labor
to broadcast, and Rs. 393 for chemical weed control for a total of Rs.
725. A1l other costs are roughly the same, including that for seed.
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Table 45. Average variable costs of producing paddy on 2.01 ac as
reported by the Kaudulla sample farmers in 1986 yala

(n=76).
Type of Cost¥
Equipment
Activities Labor Materials & Buffalo
--------------- Rs./famer-===——cmm—ecemee—
Cleaning field channels 57(74) NA NA
First plowing
tractors *x* NA 610(19)
buffalo *x¥ NA 523(57)
Second plowing
tractors * % NA 641(29)
buffalo k% NA 562(47)
Harrowing
tractors *% NA 478(15)
buffalo *xk* NA 354(61)
Preparing seedbeds
(for transplanting) 114(19) NA NA
Making poru ela
(for broadcasting) 230(67) NA NA
Cleaning and
plastering bunds 512(76) NA NA
Seeding 39 NA
transplanting 1,286(20)
broadcasting 102(67)
Fertilizing 82(76) NA
basal 328(69)
first top dressing 312(75)
second top dressing 346(70)
Applying insecticides 63(62) 194(62) 45(60)
Weeding
weedicides 61(57) 286(57) 46 (57)
manually 614(43) NA NA
Managing water 207(76) NA NA
Reaping 633(76) NA NA
Bundling & collecting 368(76) NA NA
Preparing the threshing floor 106(59) NA NA
Threshirg 334(76) NA 314%%(76)
Winnowing & bagging 195(62) L 150(1C)
Transporting from
fleld to homestead 82(21) NA 123 %*(62)

NA = not applicable.

*Numbers in () are numbers of farmers.

Occasionally, minor

differences occur between the number of farmers reported here
and in Tables 40 to 42 due to incomplete reporting on the

questionnaires.

**Fuel, lubricants, and operators contribute to tractor costs.
**¥_abor 1s included as part of buffalo costs.
¥X**¥The questionnaire did not obtain information on bagging costs.
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Table 46. Average variable costs of producing paddy for Kaudulla
farmers who followed the dominant practice* in 1986
yala (based on an average farm size of 2.0l ac).

Type of Cost

Equipment
Activity Labor Materials & Buffalo Total
---------------- Rs./famer-==———-ecmeccnananx

Cleaning field channels 57 NA NA 57
Two buffalo plowings L NA 1,085 1,085
Harrowing with buffalo % NA 354 354
Making poru ela for

broadcasting 230 NA NA 230
Cleaning and plastering

bunds 512 NA NA 512
Broadcasting seed 102 396 NA 498
Three fertilizer

applications 82 986 NA 1,068
Applying insecticides 63 194 45 302
Weeding with weedicides 61 286 46 393
Managing water 207 NA NA 207
Reaping 633 NA NA 633
Bundling & collecting 368 NA NA 368
Preparing the

threshing floor 106 NA NA 106
Threshing 334 NA 314 648
Winnowing and bagging 195 * k% 150 345
Transporting from

field to homestead 82 NA 173 205
Total 3,032 1,862 2,117 7,011

NA = Not applicable.
*Farmers who used buffalo, broadcast, and applied weedicides.
*¥ abor is included as part of buffalo costs.

**¥The questionnaire did not obtain information on bagging costs.

Comparing the typical farmer who transplants with the one who
broadcasts, however, reduces the above difference to Rs. 675, since
five of the eight sample farmers who transplanted did not weed at all.
Not weeding creates a savings of Rs, 614,

As noted, the predominant case comprised farmers who used only
weedicides (46 percent). Of the remaining sample farmers who broad-
cast, 38 percent used a combination of weedicides and manual weeding,
11 percent relied only on manual weeding, and 5 percent reported no
weeding costs. Comparing these additional conditions would, of course,
alter the cost differences shown above, but broadcasting would remain
the lower cost alternative.

The labor saving method costs Rs. 7,301, or Rs. 290 more than the
predominant method. The only difference 1n costs between the two
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methods resulted from the higher cost of tractors over buffalo. Table
45 shows Rs. 1,729 for two plowings and one harrowing with tractors,
and Rs. 1,439 when these same activities are performed by buffalo. The
daily rates for tractors, which ranged from Rs. 284 to Rs., 363, were
higher than the daily rates for buffalo, which hovered around Rs. 100.
Offsetting the higher daily rates for tractors was the lesser time they
required. The average length of time to plow and harrow with tractors
was approximately two days, while that for huffalo wee approximately
five days.

Thus, farmers following the dominant practice have opted for the
least expensive means of production, This preference for a least cost
solution might be misguided were 1t found that the value of higher
yields from transplanting overrode the extra production costs of this
practice. However, this is not the case, as will be shown shortly.

g. Paddy Production

According to information supplied by sample farmers, ou*put on the
153 ac planted in paddy averaged 47 bu/ac. (The agronomy section of
this report gives estimated yields from crop cuttings.) Yields ranged
from an average high of 55 bu/ac for the head and middle sections to a
low of 39 bu/ac for the tail sections. These results compare with a
nationwide average of 70 bu/ac and a realizable potential of 110 to 120
bu/ac (USAID/Colombo, 1986). Consequently, the reported yields are
well belcw the national average and seriously below the potential.
Note that the sample farmers reported that yields during the 1986 yala
were below those of the previous maha and the 1985 yala. The majority
of the farmers attributed their low yields during 1986 yala to the
prevalence of wind during pollination. They also cited pests in
general and during pollination as contributing factors.

Table 47 provides the yields for head, middle, and tail farmers
according to whether they transplanted or broadcast paddy. Becauce
farmers reported the disposition of their output, yields per acre of
harvested area had to account for losses during harvesting and initial
post-harvest. In some cases, farmers were holding paddy to sell at a
later date, as indicated by the difference between the amount they
reported as their marketable surplus and sales to date. The marketable
surplus 1s the harvested output less amounts set aside for seed and
consumption or paid in kind to the yel _yidane and for leases or
mortgages.

Note the much higher yields for head and middle section farmers
than for tail farmers (statistically significant at the one percent
level). Aside from the Tow yield for one transplanting case in the
middle section, the data do not show significant differences in yields
between transplanting and broadcasting. Given the higher cost of
transplanting, this result is somewhat surprising. A possible specula-
tive explanation is that farmers traditionally transplanted paddy to
control weeds. Only relatively recently have weedicides become
available and accepted by farmers as a more cost-effective means of
weed control. Because this newer technology is still in the introduc-
tory stage, some farmers still followed the traditional practice.
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However, transplanting would appeal to those farmers wishing to 1imit
their purchased inputs by using family labor to transplant. For this
to be possible, family labor would have to be sufficient for the amount
of land devoted to paddy.

Table 47. Average net paddy yleils for sample farmers according to
their location and method of seeding, Kaudulla, 198 yala.

Head Middle Tail Qverall

I* B T B T B I o]
Number of
farmers*#* 4 16 1 12 3 29 8 57
Total
production 340 1,675 %1 1,221 333 2,062 764 4,958
Area planted
(ac) 6.0 30.8 3.5 21.3 8.3 52.5 17.8 104.6
Y{ields
(bu/ac) 56.7 54.5 26.0 57.3 40.1 39.3 42.9 47 .4
Comb1ned
ylelds (bu/ac) 54.9 54.9 39.4 46 .8
Area harvested
(% of planted) 96 96 100 100 94 93 96 95

*T - Transplanted; B - Broadcast

**Omitted are the results for 11 farmers who used both methods of
seeding because yields could not be associated with only one of the
two methods.

Farmers reported harvesting 146 of the 153 ac they reported as
planted. At least part of the explanaticn for the difference would be
for the same reasons farmers gave for the reduction in yields, noted
above,

Coefficients of variation of 31, 41, and 37 percent for head,
middle, and tail farmers, respectively, are all reasonably close, which
Indicates similar distribution of yields within the groups. In support
of this conclusion, a test of the standard deviations for head and tail
ylelds failed to show a difference at the five percent level of
significance.

Though one could expect greater yield variabi1ity in the tail of a
system, this does not appear to be true in Kaudulla. One possible
explanation for this could be the tail farmers' access to good drainage
water. Another possible explanation 1s that tail farmers may receive
adequate amounts of water overall, although perhaps not at times
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critical to plant growth. The main system and on-farm sections of this
report cover water availability in detail.

Disposal of Output. Combining the average yield for each farmer
(46.8 bu/ac) and the average land in paddy during 198 yala (2.01 ac)

produced an average output from each family of 94.1 bu. OFf this total,
the farmers paid out an average of 8.0 bu for leasing arrangements and
0.3 bu for the vel vidane, and kept 4.2 hu for seed; leaving a net
output of 81.6 bu. Of this amount, the farmers set aside an average of
25.8 bu for consumption, sold 38.2 bu, and retained 17.6 bu for future
sale,

Practically all of the farmers sold their paddy through local,
private traders. Only one family reported selling to the cooperative,
Farmers' preference for private traders over official sources such as
the Paddy Marketing Board, Agricultural Service centers, or coopera-
tives resulted from the comparative ease with which farmers obtained
payment from the private traders, the traders' acceptance of the
farmer's paddy without penalties for low quality, and the 1ow or no
trarsportation costs associated with paddy sales. Concerning transpor=-
tation costs, farmers said they paid less than an average of Rs, 1/bu
sold.

The amount farmers reported set aside for consumption represents
an average daily per capita consumption of 0.38 kg of rice per day.
This result approximates the apparent combined consumption of rice and
rice flour for Sri Lanka in the years 1978-82 as reported by the
Ministry of Finance and Planning (1984). This estimate of the sample
farmers'! consumption derives from the following values and assumptions:
20.87 kg/bu, 0.68 conversion factor from paddy to rice, two paddy
plantings each year so that each season's paddy set aside represents
one-half of the year, and an average family size of 5.5 members.

Having a marketable surplus of some 55 bu/season, compared with
the 26 bu set aside for consumption, means that these farmers are
active participants in the market economy. Also, by holding 18 bu off
the market, the sample farmers are better able to demand a more
competitive price for their paddy than were they forced to sell all, or
most, of thelr paddy immediately following harvest. Such activity
probably explains the farmers' use of purchased inputs (pesticides and
fertilizers) as well as their employment of labor and purchases of
tractor and buffalo services. Given their current market activity,
Tntroducing improved practices to Kaudulla farmers ought to be an
easier task than often occurs in develo;ing countries. (Where small-
scale agriculture is largely subsistence, farmers find 1t difficult to
accept changes that require cash outlays.)

Table 48 divides these overall figures into those representative
for the head, middle, and tail farmers. This locational breakdown
reveals that head farmers held more for consumption than the other
sample farmers and sold nearly all of their marketable surplus. In
contrast, the tail farmers held less for consumption, which accords
with their less favorable yieids. Even so, they were able to withhold
an average of 12.6 bu for future disposal, which shows some marketing
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strength. With favorable yields compared with the head and tail
farmers and low provision for consumption and rental payments, the
middle farmers appeared to be in the strongest marketing position of
all,

Table 48. Average disposition of paddy overall and by head, middle,
and tail farmers, Kaudulla, 198 yala.

Head Middle Tail Overall
Item (n=23) {n=19) (n=34) (n=76)
—————————————————— (bu/family) ¥memmm e
Total production 106.3 103.7 79.3 94,1
Less amounts for
rent 13.3 2.4 7.6 8.0
seead 5.2 5.1 3.0 4,2
vel vidane 0.8 0.1 0.1 0.3
Net output 87.0 9.1 68.6 8l .6
Less amounts held
for consumption 29.3 23.1 24.8 25.8
Marketable surplus 57.7 73 .0 43 .8 55.8
Sales to date ' 56.3 28.7 31.2 38,2
Re%ained 1.4 44 .3 12.6 17 .6

h. Family Income

During yala, family income derived principally from paddy sales
because of moisture 1imitations on the highlands. However, the family
also received income from additional means, such as from selling other
crops that do receive sufficient moisture, leasing tractors to others,
and obtaining off-farm sources. Below are survey findings for both
paddy production and other income sources.

Value of Paddy Production. Table 49 reveals that the average net
value of paddy production for the sample farmers as a group amounted to
Rs. 5,761. This value is the product of the farmers' net output, as
shown in Table 48, and the average farm gate price less any transporta-
tion costs. Before comparing this value with the cost of production,
we must adjust for the cost of seed. In Table 46, the Rs. 396 for seed
was imputed at the rate of Rs. 71/bu of paddy equivalent. However,
farmers supplied 75 percent of this amount from stocks held over from
previous harvests. Thus, seeding costs would double were wc to use the
costs from Table 46 and the net output from Table 48. To correct for
this overlap, we deducted 75 percent of the seed cost from the total
cost of production. This Towered total costs by Rs. 297 (0.75 x Rs.
396), giving an adjusted cost of production for comparison purposes of
Rs. 6,714 (Rs. 7,011 - Rs., 297).
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Table 49. Average values of paddy production overall and by head,
middle, and tail farmers, Kaudulla, 198 yala.

Head Middle Tail Overall

(n=23) (n=19) (n=34) (n=76)
Net production (bu) 87.0 %.1 68.6 8l.6
Farm-gate price (Rs./bu) 69.9 73.8 71.2 71.6
Less transportation charge
(Rs./bu) 0.6 0.9 1.4 1.0
Net price (Rs./bu) 69.3 72.9 69.8 70.6
Value (Rs.) 6,029 7,006 4,788 5,761
Amount sold (%) 64.7 29.9 45.5 46 .8
Assumed cash receipts (Rs.) 3,901 2,095 2,179 2,697

This value of production falls short of the adjusted cost of
production by 14 percent (Rs. 5,761 is 86 percent of Rs, 6,714). The
sampie farmers all claimed that this season was worse than the previous
maha and yala, so for an average year, the farmers might come close to
or exceed their direct costs of production. However, that would not
necessarily cover the costs of interest, tool and equipment purchases,
and the 11ke; nor would it give farmers a return on their land and
management.

The paddy prices these income estimates are based on averaged Rs.
70.6/bu overall. The highest price, mentioned by one of the middle
farmers, was Rs. 84/bu, and the lowest price, mentioned by one of the
head farmers, was Rs. 62/bu. Supposedly, farmers can receive a
guaranteed price of Rs. 70/bu from official sources such as the Paddy
Marketing Board. However, the farmar's net price from official sources
may be less because of deductions for excessive moisture, rejections
due to poor quality, and associated transportation costs. For these
reasons, farmers often feel they obtain as good a price from the local
traders, even though these traders at times pay them less than the
guaranteed price,

A slightly higher price combined with larger average sales gave
the middle farmers the highest income from paddy. The tail farmers
remained well below the average. Looking at individual farmers within
the head, middle, and tail sections revealed pronounced extremes. The
highest paddy incomes among head, middle, and tail farmers were Rs.
15,900, Rs. 35,500, and Rs. 23,650, respectively. These farmers'
respective areas planted in paddy were 3, 5.5, and 3.5 ac. The lowest
paddy income farmers for these same groupings were Rs., 1,380, Rs.
1,400, and Rs. 690. These farmers' respective holdings 1n paddy were
1.5, 0.5, and 0.5 ac.



Studying the cultural practices of these six farmers falled to
produce any pattern that might help explain these differences. A1l
broadcast at least part of their fields, most used buffalo, all used
pesticides, and differences 1n rates of fertiiizer application were
equally great among the high income group as among the low income
group. Consequently, size of holdings must play a key role in deter-
mining these farmes' income levels from paddy.

The cash receipts these farmers receive amount to their sales plus
whatever portion of the retained amounts are sold. At the time of the
survey, farmers had sold 47 percent of their net output for an average
cash value approaching Rs, 2,700. We use these values later when
discussing the farmers!' financial position.

Other Income. Looking at the farmers as a group, income fram
sources other than paddy averaged Rs. 3,060 during 1986 yala. This
amount is over half (53 percent) of that from paddy production (Rs.
5,761). These other sources, shown in Table 50, include the value of
subsidiary crop and home garden production, off-farm :ages and salaries
to the farm families, pensions, tractor rentals, and revenues from
11ivaestock.

Table 50. Average other income accruing to the Kaudulla sample
farmers during 1986 yala.*

Head Middle Tail Total
Source (n=23) (n=19) (n=34) (n=76)
---------------- Rs./farmer=eeeeemc e e

Subsidiary crops 2,420(4) 2,210(3) 1,670(8) 1,980(15)
Home gardens 510(11) 1,090(9) 300(5) 660(26)
Wage Tabor 810(S) 3,080(6) 820(19) 1,270(30)
Permanent jobs 6,980(2) 0 0 6,980(2)
Pensions 6,390(2) 0 0 6,390(2)
Other family

earnings 2,530(8) 1,750(1) 4,200(1) 2,620(10)
Tractor rentals 5,330(3) 5,:360(5) 5,330(3) 5,340(11)
Livestock 730(2) 450(1) 0 £40(3)
Average 4,410(19) 4,000(16) 1,700(30) 3,060(65)
Highest value 17,000 8,300 11,000 17,000
Lowest non-

zero value 250 540 160 160

*Yalues 1n () are the number of farmers.

Tractor rentals accounted for the largest source of income
overall, averaging Rs. 5,340 for 11 farmers. The largest group of
farmers benefitting from additional income were those who earned wages
of f the farm: 30 earrza an average of Rs. 1,270 during the season.
The largest individual 1ncomes went to those who had permanent jobs,
rented out tractors, or received income from other family members,
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The other income exaggerates the spread in overall income for
farmers. Other income for the three farmer groups for the season was
Rs. 4,410 (head), Rs. 4,000 (middle), and Rs. 1,700 (tail). Thus, not
only do head and middle farmers receive substantially more income from
their paddy production than do the tail farmers, but their additional
income 1s also substantially higher. When these two income sources are
combined, as shown 1n Table 51, we find that the resulting average
Income for the tail farmers ranged between 59 and 62 percent of the
averages for the middle and “ead farmers, respectively.

Table 51. Combined 198 yala incomes for the 76 sample farmers at

Kaudulla.
Head Middle Tai] Overal]
------------------- RS mmmmm e
Average value of paddy
production 6,029 7,006 4,788 5,761
Average value of other
income 4,410 4,000 1,700 3,060
Total income 10,439 11,006 6,488 8,821

We recognize that the value of paddy production applies to all 76
farmers, while the value for other income applies to 65 farmers, but
the results provide a general picture of the farmers' relative posi-
tions. Considering that 11 of the farmers reported no additional
Income at all, and that three of the farmers in the head sections had
2dditional incomes that ranged between Rs. 13,000 and Rs. 17,000 for
the season, the spread in incomes among individual members is greater
than that suggested by the averages. Further research might well
explore these and other outlying cases to gain a more complete picture
of income distribution within Kaudulla. Of particular interest would
be those farmers at the low end of the income spectrum,

1. Farmers! Net Income

The sample farmer's average net income can be estimated by
deducting those costs not directly related to paddy production from the
foregoing estimates of total income. The results provide us with
insight on the returns to family resources, Including labor, and the
fam1ly's financial position.

Additional Costs. The additional costs include ]and rentals and
mortgages, interest payments on seasonal and longer-term credit,
operatiuvn and maintenance (0&M) fess, costs of producing subsidiary
crops and home gardens, tools and equipment purchases, and 1ivestock
maintenance. The questionnaire contained some information on these
costs, but in other cases we have used our Judgment to arrive at what
we hope are realistic estimates.
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Sixty percent (46 out of 76) of the farmers engaged in land rental
or mortgage (14, 13, and 19 of the head, middle, and tail farmers,
respectively). Subtracting cash inflows and outflows, the result
ylelds an average net cost of Rs. 315 to the head farmers and Rs. 1,984
to the middle farmers. Tail farmers received a net cash 1nflow
averaging Rs. 341. Thus, for tha sample farmers as a whole, rentals
and mortgages cost an average of Rs. 439 for the season. Recall that
we have already accounted for rental payments 1n kind.

The majority of the farmers received credit during the season (42
of 76), with only 39 percent of the farmers at the head doing so
compared to over 60 percent for middle and tail farmers. Three-fourths
of the farmers received their credit from relatives and "others,"
rather than from banks, cooperatives, traders, or millers. Only six of
the 42 farmers reported receiving credit from the bank. The reported
loan averaged Rs. 2,300, which was all received in cash rather than in
kind. Farmers said their principal reasons for not using bank credit
related to missing 1dentification cards, lack of ownership, or simply
that other loans were easier to obtain. Farmers reported that 41 of
the loans were for cultivation purposes, 4 were for consumption, and
only 1 was for purchasing equipment. Annual equivalent interest rates
ranged from zero, when funds were supplied by the family, to 240
percent. B9low is the distribution of these rates, which reveals just
how high these charges can be (Table 52),

Table 52, Interest rates reported by Kaudulla sample
farmers, 1986 yala.

Annual Rate (%) Number of Responses
0 8
6-12 10
48 2
100-120 4
140-180 5
240 13

Eight of the low interest loans offered by the bank were insured
at an average premium of Rs. 250,

Nearly half (37 of 76) of the farmers said they paid the 1985 O&M
fee of Rs. 100/year. Of those who did not pay, 18 said they were not
the owners, 10 resisted paying because they felt service from the
Irrigation Department was poor or that the rate was too high, 7 said
they had money problems, and 4 felt they should not pay if others did
not, None of the farmers had paid their 198 0&M fee, but 30 of the 76
farmers sald they planned to pay later.

As noted earlier, the questionnaire did not provide information on
the costs of producing subsidiary crops and home gardens. Elsewhere,
Alwis et al. (1983) reported the relative profitability of chilies
compared to paddy. Less information 1s readily available on the
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profitability of home gardens. For want of better information, we have
assumed that the farmers' production costs for home gardens and
subsidiary crops equal their value (as shown in Table 50). Such an
assumption implies somewhat greater profitability for these crops than
for paddy, since we have shown that paddy costs exceeded the value of
output.

The questionnaire contained no information on the farmers!
seasonal purchases of tools and only one reference about credit to
obtain equipment. Given the relatively low income of the sample
farmers and the high cost of equipment, we have left out costs as-
sociated with these purchases except for the interest charge already
noted. This understates the farmers' seasonal costs, but not signifi-
cantly. However, this is a subject that should be investigated in
future studies.

Most farmers owned 11vestock in some form, with over half owning
two or more buffalo. On balance, we do not believe that farmers use
much money to maintain their Tivestock other than an occasiocnal
purchase, Considering the importance of buffalo to the family,
however, this assumption may not be valid.

Table 53 summarizes the costs implied above. Except where the
questionnaire provided data by farmers' location, we have not attempted
to agistinguish unit costs according tec head, middle, and tail loca-
tions. In presenting these values, we recognize our heavy reliance on
assumptions and, consequently, the potential weakness of the conclu-
sions drawn. Nevertheless, we feel that the insight we have gained
about the farmers' position justifies the risk of error.

We can now construct a composite of a representative farmer from
the sample group. This composite will show central tendencies based on
conditions experienced by many, if not always most, of the farmers. To
do this, we selected appropriate values fram previous tables. Even
though only one-third (26 of 76) of the families reported income from
home gardens, we chose to include this output as part of the family's
Tncome. Our reason was to count more than just wage labor as a source
of other income, and income from home gardens seemed to be the most
Togical choice after wage labor. We have omitted subsidiary crops
because too few farmers raised them; thus, we did not consider raising
subsidiary crops to be representative of the composite farmer.

The estimate of interest payments resulted from the farmers!
statements as to the amount borrowed, multiplied by the interest rate.
To obtain the seasonal figure, we assumed that the average length of
loan was 3 months, This estimate accounts for the farmers' needs for
986 credit to finance cash outlays over the growing season and for some
reasonable amount of time to elapse between harvesting and sales.

Finally, other incomes and costs accrued to too few farmers to
make them representative of the whole. However, their accrual to a few
farmers serves to increase the spread in net incomes, Table 54
provides the compilation for the composite farmer.
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Table 53. Summary of the Kaudulla sample farmers' costs that were
additional to those involving paddy production, 198 yala.*

Type of Cost Head Middle Tail Total
------------------- Rs. ' farmer-s=-mmmceecn e ————

Net of land rentals

and mortgages 315(14) 1,984(13) =341%%(19)  439(46)

Interest payments 621(9) 505(12) 544(21) 549(42)

0&M fees*** 50(12) 50(9) 50(16) 50(37)

Subsidiary crops 2,420(4) 2,210(3) 1,670(8) 1,980(15)

Home gardens 510(11) 1,090(9) 300(6) 660(26)

Tools and equipment

purchases - - - -

L 1vestock maintenance 730(2) 450(1) 0 640(3)

*Yalues in () are the number of farmers.
**Represents a cash inflow rather than a cost.
¥**Payments made for 1985 yala as reported by respondents.

Table 54. Net loss for the Kaudulla composite farmer, 1986 yala.

Rs,
Income
Paddy production 5,761
Home garden production 660
Wage labor 1,270
Total 7,691
Expenditures
Paddy production 6,714
Home garden production 660
Rentals and mortgages 439
Interest 549
0&M fees 50
Total 8,412
Net loss 721

On these grounds, the typical Kaudulla farmer was not doing very
well -~ the fam1ly was not earning a "fair return" on {ts resources.
This assumption was made assuming that family labor was worth Rs.
30/day and that the farmer's buffalo could earn Rs. 100/day. These are
scarcely valid assumptions in mcct developing countries, where rural
labor forces are usually large and employment opportunities are usually
1imited.

121



A more meaningful way to evaluate a family's position is to look
at the returns to the family's resources to see how much income it
generates as a unit., This result can then be compared to per capita
income for the economy as a whole.

Returns to Family Resources. To calculate the returns to family
resources, we must deduct costs of family resources from our ear]ier
estimate of production costs. We begin by adjusting for paddy produc-
tion, which includes removing the costs of family labor, buffalo, and
seed. Then, we extend the concept, 1f not the detail, to home gardens.

As before, we subtract the cost of seed (75 fFercent of Rs, 396,
which 1s Rs. 297) from total production costs (Rs. 7,011) to arrive at
an adjusted cost of production of Rs. 6,714. We had also estimated
that family labor was about two-thirds of the total labor costs for the
set of predominant paddy practices. Applying this percentage to the
total labor costs (Rs. 3,032) means that Rs. 2,021 can be deducted. We
also found from the questionnaire that slightly over one-half of the
farmers ownad two or more buffalo. If we assume the typical farmer
owns enough buffalo for plowing and harrowing, we can deduct costs
associated with buffalo traction. These costs, as shown in Table 46,
total Rs. 1,439. Now, 1f we subtract these two savings 1n costs, we
have the value of purchased inputs (Rs. 3,254) (Rs. 6,714 less Rs.
2,021 and Rs. 1,439) and the return to family resources (Rs, 2,507)
(Rs. 5,761 (value of production) less Rs. 3.254 (purchased inputs)).

If we assume a slightly higher profitability for home garden production
and the probable lesser purchase of inputs, the corresponding ratio for
home gardens could be 50 percent. Applying this ratio to the value of
home garden production, shown in Table 50, shows further returns to the
family of Rs. 330 (Rs. 660 x 50 percent). Finally, by combining the
original loss of Rs. 721 with these returns to family resources we
arrive at the returns to the family for 1986 yala of Rs. 3,069,

For want of more precise information, we have assumed that net
returns during maha are 25 percent greater than during yala. Using
these values and an assumed family size of 5.5 members, we estimated
per capita income as shown below:

Returns during yala Rs. 3,069
Returns during maha at 25 percent

more than yala Rs. 3,836
Assumed total for the year Rs, 6,905
Per capita income for family of 5.5 Rs. 1,255

This result is exceptionally low, being only 13 percent of the
1985 per capita income for Sri Lanka as a whole (Rs. 9,430) (The per
capita national income was derived from a gross domestic product of Rs,
149 bi111on and a population of 15.8 million (Central Bank of Sri
Lanka, 1984)).
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While some percentiles within an economy may be this low, one
would not expect this to occur among farmers who irrigate. Perhaps the
answer 11es with the farmers' understatement of other income sources,
or Tow ylelds. At 47 bu/ac, the respondent's average ylelds were two-
thirds the national average. By raising paddy yields by one-half to
reach the national average of 70 bu/ac, the family's income might be
expected to rise by 50 percent or more. This would bring the farmers!
Income to approximately 20 vercent of the national average -~ still a
low value.

Such a finding suggests that farmer incentives for growing paddy
would be low. However, because rice 1s the farmers‘ staple food and
the traditional crop, they continue growing paddy even though benefits
from doing so are minimal. This outcome calls for further study of the
sample farmers' overall economic and financial positions to ascertain
the validity of these findings.

Returns to Family Labor. The results of the economic analysis can
be considered from another vantage point: returns to family labor
employed in paddy production. By assuming that all of the returns from
paddy production accrue to family labor and that the costs of rentals,
mortgages, interest, and 0&M fees are associated with paddy production,
we found that the family's own labor would have earned a daily wage of
Rs. 21.90 when we amit the costs of buffalo traction. When we include
the costs of buffalo traction, the daily wage approaches zero. If we
split the difference, we have a daily wage of Rs. 11/day, which is 37
percent of the standard market wage of Rs. 30/day. Such a result is
low for many developing countries, but not unusual for heavily popu-
lated countries with 1imited agricultural holdings per capita as in Sri
Lanka. Of course, imputing values to land, equipment, management, and
the 11ke would further reduce the imputed wage. On the other hand,
part of these costs may be attributed to activities other than paddy
production,

As shown in Table 55, we obtained the high and low values by
dividing the net returns to paddy production -- with and without
buffalo costs -- by the man-days of family input. Our sources were
Tables 44, 46, and 54,

Financing Production. By paying usurious rates that are
equivalent to 240 percent per year, farmers reveal an urgent need for
credit. The length of time the loan is out, however, plays an impor-
tant part in determining the true meaning of this rate. Were the
lending period only one month, the farmer would pay 20 percent on the
amountc of the loan, A 20 percent charge for some critical period could
be a reasonabls amount for the farmer and a justifiable charge for
servicing the loan and accounting for the lender's risk. The question-
naire did not clarify for how long farmers were borrowing money.
However, an indication of the lending period can be gained from the
farmers' outlays for hired and contract labor, materials, and tractor
and buffalo services, as noted previously, We believe our assumption
of three months for an average length is reasonable.
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Table 55. Average high and low returns to family Tabor in Kaudulla
1n rupees, 1986 yala.

Alternative Without Buffalo Costs Inc]luded

Value of paddy production Rs. 5,761
Less costs of

Purchassd 1nputs Rs. 3,254

Rentals and mortgages 439

Interest 549

O&M fees 50

Sub-total 4,292
Net ' 1,469
Man-days of family labor (2/3 x 101) 67
Imputed daily wage 21.90

Alternative With Buffalo Costs Inc]uded

Net (from above) 1,469
Less buffalo costs 1,439
Net 30
Imputed daily wage 0.45

We can learn of the composite farmer's general financial position
by Tooking at the family's cash inflows and outflows. Cash inflows
would be primarily from actual and potential sales of paddy and income
fron wage labor. For want of better information, we assumed that cash
from the sale of home gardens matched cash expenditures associated with
thelr production. We also chose to omit cash transactions associated
with subsidiary crcp production because only a few farmers said they
grew these crops during the season. Cash outflows other than for debt
servicing would be primarily for paddy production, rentals, and the O&M
fee,

Table 56 shows the composite farmer to be 1n a cash surplus
position in his ability to cover interest payments on his debt.
However, the farmer's cash requirements for household and other
purposes add to his needs; and, more importantly, cash outlays for
production come throughout the cropping season, whereas cash receipts
come at the end of the season. These results show that the cash
surplus generated during the season, even if all were reserved for
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production, 1s insufficient to cover the crop's cash requirements for
the following season. Thus, there is a need for seasonal credit.

Table 56. Net cash flow for the Kaudulla composite farmer for 1985

!glal
Rs,

Cash inflows
Paddy sales to date (38.2 bu x Rs., 70.60/bu) 2,697
Potential paddy sales (amount retained)

(17.6 bu x Rs., 70.60/bu) 1,243
Wage labor 1,270
Total 5,210
Cash requirements
Paddy production 3,254
Rent 439
0&M fees 50
Net cash inflow 1,467

Given the ratifo of cash surplus to interest payments of nearly
2.67:1 (Rs, 1,467:Rs. 549), the farmers ought to be reasonably good
risks to the lenders. On these grounds, lower-cost credit might be
expected. On the other hand, occasional low crop yields or low paddy
prices, together with occasional delays or nonpayment by farmers, could
serve to keep interest rates high,

4, SUMMARY AND CONCLUSIONS

According to farmer responses, original allotments for the 77
sample farmers averaged 1.1 ac of lowland and 0.6 ac of highland. To
this lowland amount sample farmers reportedly added 2.1 ac through
encroachments, rentals, and purchases.

During yala, all but one of the 76 sample farmers reported growing
paddy on an average of 2.0l ac/farmer. Farmers also reparted growing
an average of 0.1l ac of chilies, part of which was on highlands.

These results, as well as farmers' statements, revealed that nearly all
of the reported cropping was on lowlands. Farmers reported 1ittle
difference in cropped area or cropping patterns regarding head, middle,
and tall locations,

Buffalo traction and brcadcast paddy formed the most common set of
practices (31 of the 76 paddy farmers)., Looked at individually, 45
farmers relied only on buffalo compared to 17 farmers who relied only
on tractors; and 57 farmers only broadcast paddy compared to 8 farmers
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who only transplanted. The remaining farmers combined their methods of
traction and/or seeding.

S1ightly over half of the farmers owned two or more buffalo, which
means that most of them controlled their means of traction. The
predominant type of tractor in use was a two-wheeler produced by the
Japanese that, complete with attachments, cost about Rs., 70,000. This
cost puts tractors beyond the reach of most of the sample farmers,
based on their reported incomes. The smallness of the farmers' plots
may help explain their heavy reliance on buffalo.

Nearly all of the farmers applied fertilizers, and the majority
used weedicides and insecticides. Thus, the sample farmers appeared to
be following good cultural practices, except pcssibly for relying on
their own rather than on certified seed. (See the agronomy section for
a more in-depth discussion of the actual usage of these agricultural
inputs.)

When the current market rates were applied to the various inputs,
the overall cost of production for the most common set of cultural
practices came to approximately Rs. 3,500/ac. This result accords
closely with that of the information found in Skogerboe et al. (1984),
An analysis of alternative cultural practices shows that broadcasting
costs less than transplanting, using buffalo costs less than using
tractors, and weedicides cost less than manually weeding. Thus,
farmers who follow the most common set of practices were employing the
least-cost approach. The lack of superior yields from transplanting
supports the farmers' preference for broadcasting.

The predominant cultural practice for paddy requires an average of
101 man~-days/farmer for the season. This amount, which averaged 50
man-days/ac, came close to the most labor-saving method. By employing
tractors, the families could reduce their labor input by 9 percent., Of
the total labor requirements, the family supplied two-thirds; the rest
came primarily frem hirec labor, with contract labor completing the
requirement. The schedule set by the Irrigation Department for land
preparation, water deliveries, and the resulting peak labor periods
helped to explain the farmers' reliance on labor other than their own.

The overall yield for the season averaged 47 bu/ac, which was
considerably lower than the natfonal average of 70 bu/ac. In verifying
the reasonabieness of this difference, farmers cocmmented that yields
during 198 yala were lower than in the previous year's maha and vala.
As yet we canrot fully explain why yialds were so far belcw average.
Sofls and water quality were supposedly good, and farmers reported that
they used the recommended rates of fertilizers and pesticides (although
we do not know from the data how they knew what the requirements ought
to be). One might speculate that lack of water could explain the lower
ylelds, but most of the farmers reported that they received enough
water for their cultivation needs. Farmers blamed lower yields on
winds and pests during the pollination period. In addition, they
relied on thelr own and nefghbors!' seed, rather than on certified seed.
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Yields by location showed that head and middle farmers produced an
average of 55 bu/ac, whereas tail farmers averaged only 39 bu/ac. This
difference, which {s statistically significant at the one percent
level, seems to be the result of something other than farmers' prac-
tices. In contrast, yield variabilities within head, middle, and tail
regions were not statistically different at the five percent level,

Our 1nvestigation of types and levels of inputs revealed no important
difference according to farmers' location within the system. Conse-
quently, we are unable to discern from the economics data the reasons
for the differences 1n ylelds.

Farmers disposed of this output (which averaged 94 bu/farm) by
setting 26 bu aside for fam1ly consumption, selling 38 bu, holding 18
bu for future disposal (probably for sale), and applying the rest for
seed and for payments 1n kind for rent and the vel yidane's fee. The
amount farmers withheld for consumption agrees closely with the
apparent per capita rice consumption for Sri Lankans. By covering
thelr consumptive needs, holding surplus paddy off the market, and
eventually selling nearly 60 percent of their production; these farmeis
demonstrated considerable market activity and strength. Their market
Tnvolvement undoubtedly explains the farmers!' widespread use of
Improved technologies such as agricultural chemicals and their reliance
on hired and contract labor. Were their incomes greater, they would
undoubtedly use the two-wheeled tractors to a greater extent. From
this, we concluded that these farmers would be open to other improve-
ments 1n technology, including changes 1n water management practices.

The foregoing suggests that the farmers are relatively well off.
However, although they are doing well 1n terms of being self-sufficient
Tn paddy production; in other ways they are not. At full costing of
variable inputs for the predominant set of cultural practices, paddy
Income failed to cover direct production costs. The cost of paddy
production for the season, after adjusting for the value of paddy held
out for seed, was Rs. 6,714 compared to the value of output available
for fam1ly consumption and sale (Rs. 5,761). This results in a net
loss of Rs. 953. when the farmer's earnings from wage labor are added
and the costs of rentals, mortgages, interest, and 0&M fees are
subtracted, the composite farmer sti11 has a net loss of Rs. 721 for
the season.

In valuing the farmers' output, we used the average sales price of
Rs. 71.6/bu. In nearly every case, the farmers made their sales
through private traders rather than government sources. While govern-
ment sources generally offered a guaranteed price of Rs. 70/bu, farmers
often realize less than this amount because of adjustments for quality
and for the costs of transportation. Thus, the sample farmers reported
that by dealing with private traders they were able to do better than
had they taken the Govermment support price.

The farmers' poor economic showing rests in part with the assump-
tion that their opportunity cost of labor is Rs. 30/day and that their
buffalo are worth Rs. 100/day -- both of which are the current market
rates. Such assumptions are seldom valid for farmers with 1imited
holdings such as in Sri Lanka.
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Adjusting for the farmer's provision of his own seed and deducting
for family labor and buffalo costs, the typical farmer would earn about
Rs. 22/man-day, or about three-quarters of the market wage. However,
this allows no return for the farmer's buffalo, land, management, or
other inputs. Were the full cost of buffalo use deducted, the farmer's
return to labor would approach zero. Taking an average of these two
glves a shadow wage of 37 percent -- a value somewhat on the low side,
but not out of the ordinary for Sri Lanka. Deducting the costs of
land, management, tools, and the 1ike would reduce the profitability to
family labor even further. However, not all of these costs should be
charged to paddy production.

Another indication of the family's poor situation is the return to
their resources. This measure takes the total family's income (cash
and imputed earnings) during yala, assumes values for a typical maha,
and deducts the costs of purchased inputs. The result applied to an
assumed family size of 5.5 members yields a per capita income of Rs.
1,255 -~ which is only 13 percent of the national average (Rs. 9,430).
In making these calculations, we 1imited of f~farm income to the average
Rs. 1,270 earned in wage labor by 30 families during yala. Some
families' incomes were augmented far more than this from tractor
rentals, pensions, and permanent jobs, but the few farmers who bene-
fitted this way were atypical.

Comparing the farmers' seasonal cash inflows and outflows showed
that they generated an average cash surplus of Rs., 1,467, nearly all of
which came from off-farm wages. This overall surplus, however, 1s not
enough to meet the seasonal cash requirements of Rs, 3,254, This
amount also does not account for cash requirements for household needs,
tools, equipment, or other purposes. This deficit in cash flow helps
explain the farmers' heavy reliance on seasonal credit.

To close, the sample farmers appeared to follow practices that
were cost effective through ample use of fertilizers and pesticides.
Even so, their small holdings combined with lower than previous
se.sons' ylelds resulted in substandard incomes for the season.

Because we are dealing with averages, approximately half of the farmers
would have incomes below this level. Some of the sample farmers
provided information indicating extremely low incomes. These low
Income levels for many of the sample farmers certainly call for closer
scrutiny by future researchers.
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E. SOCIOLOGY
1. INTRODUCTION AND METHODOLOGY

Sociology researchers who participated in the diagnostic analysis
of Kaudulla Scheme conducted a comprehencive investigation during 1986
yala. These investigators used a sample household survey and a series
of 1n~depth, qualitative interviews with technical assistants, work
supervisors, patrol laborers, farmer representatives, vel vidanes,
frrigation engineers, and project managers. This section of the report
presents the findings of the sociology component of the diagnostic
analysis,

The study focused attention on the following areas:

Socio~economic background of the farm families interviewed.
Issues relating to water supply and distribution.

Farmers! irrigation behavior.

The relationship between irrigators and irrigation officials.
¥ The role of farmer representatives and farmer organizations,
¥ System maintenancs and the project committee system.

X X Xk

b3

Eighty families were randomly selected from Stage I and Stage I1I
of the settlement scheme for the sample. We were able to survey all
the farmers selected. The respondent households were drawn from the
original 11st of cultivators farming in each of the sites selected to
represent different hydrological conditions within the system. The
following table gives the distribution of respondents by location.

Table 57, Spatial distribution of respondents in Kaudulla Scheme,

1986 yala.
Number of Respondents
Location Stage I Stage II Total
Head 12 11 23
Middle 7 13 20
Tail 20 17 37
Total 39 41 80

An attempt was made to ensure that the respondents came from
different parts of a field channel area since hydrological conditions
may vary as one moves along a field channel from head to middle to
tail. Table 58 gives the distribution of the 80 respondents according
to their location on their respective field channels. Note that the
survey data was gathered during yala. Since use of inputs and agricul=-
tural practices may differ between seasons, the results in this report
should not be related to gaha activities.
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Table 58. Location of respondents along field channels in Kaudulla,

1986 yala.
Number of
Location Respondents Percent
Head 29 36
Middle 23 29
Tail 28 35
Total 80 100

Due to resource and time constraints, it was not possible to draw
a larger semple for the study. The sample drawn was about 1.3 percent
of the totul number of families residing in Kaudulla. This {s not a
large sample, but since the respondents were from different hydrologi-
cal locations scattered within the system it may be reasonable to claim
that the respondents were representative of Kaudulla's irrigating
farmers.

A structured questionnaire containing some open-ended questions
was used to survey the sample. In addition, 1n-depth interviews were
used to elicit qualitative data to supplement the information gathered
through the household survey. These interviews also contributed to our
understanding of the way people in different professional positions
percelved the diverse issues associated with the irrigation system.

The household survey and most of the 1n-depth interviews were
conducted by two experienced social science university graduates under
the guidance and supervision of the sociology coordinator. Respondents
1n Kaudulla were cooperative and enthusiastic. Though the interview
was directed mainly to the chief householder, the other family members
were allowed to take part in the interview whenever relevant and
necessary. Note that during the survey, bias may have been introduced
by both the investigator and the respondent. It was generally felt
that responses to sensitive questions -- particularly those relating to
personal finances, land ownership, and tenurial arrangements -- may not
be reliable.

The raw data gathered through the household survey was coded by
the two investigators, and the sociology coordinator analyzed the coded
data using a software statistical package on a microcomputer. The main
statistical techniques used were frequency distribution and cross tabu-
lation. The two social science researchers and the sociology coordi-
nator also had an opportunity to observe the system while conducting
the interviews. Therefore, their observations contributed to the
description and analysis of the system.
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2, RESULTS ANH DISCUSSION
a. Socio-Economic Profile

As Table 59 shows, the respondents in Kaudulla were a relativeiy
young population, with about 50 percent of the respondents between 20
and 40 years of age. This younger age grouping appeared to be related
to the fact that families in Stage II settled as late as the 1970s
(Table 60). Almost all the settlers arrived after 1956, which indi-
cated that the rehabilitated Kaudulla Scheme has existed for less time
than the other schemes in Polonnaruwa.

Table 59. Age distribution of respondents in Kaudulla, 1986 yala

(n=80).

Age Number of Responses Percent
20~-30 19 24
31-40 21 26
41-50 16 20
51-60 22 28

> 60 2 3

Table 60. Year of arrival of settlers in Kaudulla 1986 yala,

(n=T74%),
Year Number of Responses Relative Percent
1945 0 0
1945-55 2 3
1956-65 26 35
1966-75 31 42
1976-86 15 20

*The remaining six farmers in the sample wera born in Kaudulla.

Most of the respondents in Kaudulla came from three districts:
Nuwara Eliya, Kandy, and Kegalle. This was indicative of the general
pattern of population movement in this part of the country as people
from the central provinces migrated to the north central provinces.
About 20 percent of the interviewees originated from within Polonnaruwa
District. Some settlers were probably purapa villagers.

Just over 50 percent of the Kaudul:a respondents had less than 5
years of schooling. Another 28 percent nad 6 to 8 years of education
(Table 61). Though the literacy rate is high, a large number of
farmers in Kaudulla have no direct access to printed media, such as
newspzpers. Only 28 percent of the farmers interviewed read daily
newspapers. However, eighty-one percent of the respondents (65) had
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radio sets in their houses, and f percent (4 respondents) owned
television sets.

Table 61. Educational attainment of Kaudulla respondents
1986 yala (n=80).

Education Number of Responses Percent

No education 4 5

Grade 1-5 37 46

Grade 6-8 22 28

GCE (OL)* 14 18

GCE (AL)** 3 4

*¥3CE(OL) = General Certificate of Education - ordinary level

(10 yrs).

¥**¥GCE(AL) = General Certificate of Education - advanced level
(12 yrs).

Landholding. Even though the Kaudulla settlements were esta-
blished much later than the other schemes in the region, only about 55
percent of the allotments were still held by the original allottees or
their descendents (Table 62). A lairge percentage of the allotments
have changed hands through various terms ranging from short-term lease
to outright sale and mortgage. The farmers who cannot mobilize
adequate resources to meet cultivation expenses often lease out their
plots, either in part or whole. Some farmers have also encroached onto
reserved land. As discussed later, these tenurial changes have
significant implications for water distribution and management.

Table 62. Landholding status of respondents in Kaudulla, 1986

vala (n=80).

Statys Number of Responses Percent
Original allottee 33 41
Second generation of

original allottee 10 13
Spouse of original allottee 1 1
Other

Lease 5 6

Purchase 6 8

Mortgage 3 4

Encroach 12 15

Wee porunduwa 10 13

As Table 63 shows, 26 percent of the respondents cultivated 1 ac
or less of Towland. The largest proportion of the farmers cultivated
about 2 ac of lowland. Only a few respondents reported cultivating
over 5 ac.
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Table 63. Extent of lowland cultivated in 1986 yala as reported by
Kaudulla respondents (n=80).

Extent in Acres Number of Responses Percent
0-1.0 21 26
1.1-2.0 32 40
2.1-3.0 14 18
3.1-4.0 6 8
4.1-5.0 4 5
> 5.0 3 4

Apart from original allotments, parcels of land acquired through
other means were also held by over 50 percent of the respondents 1n
Kaudulla. The most common forms of such lardholding were lease, wee
porunduwa, ande, encroachment, and mortgage.

Only 6 respondents (8 percent) in Kaudulla reported that their
allotments were already divided among family members. Yet, many
farmers seemed to have given at least a portion of their allotments to
others on varfous terms. Seventy-three percent of the respondents
stated that land in the settlement scheme has passed into hands of non-
allottees. Table 64 gives the various methods by which ncn-allottees
were perceived to have acquired land. Among these, encrozzhment and
purchase appeared to be the most common methods for acquiring land.

Table 64. Methods by which non-allottees have acquired lowland as
perceived and reported by respondents in Kaudulla,
1986 yala (n=59).

Msthods for Acquiring L owland Number of Respopses*
Purchase 43
Encroachment 41
Ande/lease 17

¥Multiple responses were possible.

Source of Income. Seventy-seven respondents 1n Kaudul ia (96
percent) reported depending on paddy farming as their main source of
income and subsistence. Only three respondents (4 percent) said that
farming was not their primary source of income. Two of these respon-
dents had permanent jobs, and the third person mostly depended on wage
labor.

Fifty-eight (72 percent) respondents reported that they had access
to secondary sources of income. The majority of these respondents
cited wage labor and cultivation of subsidiary crops as secondary
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income sources. Table 65 shows the secondary sources of income
reported by Kaudulla farmers.

Table 65. Secondary sources of income reported by Kaudulla
respondents, 1986 yala (n=58).

Saources of Ipncome Number of Responses Relative Percent
Wage Tlabor 26 45
Subsidiary crops 10 17
Trade 9 16
Permanent crops 5 9
Pension 5 9
Farming 3 5

Only 25 percent of the farmers interviewed in Kaudulla reported
that their income from paddy cultivation was sufficient for subsis-
tence. The apparent inability of a large proportion of the farmmers in
Kaudulla to generate an adequate income from farming may be one reason
why a large number of Kaudulla respondents did not want their children
to have farming as their main occupation. Thirty-four respondents (44
percent) said they did not want their children to continue with
farming. Most of the respondents wanted their children to get a good
education so that they could find white-collar employment with regular
incomes.,

Farmers alco cited lana fragmentation as a reason why children
should ' ¢ turn to agriculture. Since subdivided plots might not
generat .dequate income for subsistence, farmers did not want to
further fragment their holdings. One way to avoid this is to find
alternative sources of subsistence for their children.

Agricultura] Practices and Inputs. Incomes and 1iving conditions
depend on many factors. Apart from ownership of productive resources,
particularly land and water, agricultural practices also no doubt play
an important role in determining income and 1iving conditions.
Therefore, some information collected by the sociologists relating to
agricultural practices and inputs was included here because it may
contribute to better understanding the behavior of Kaudulla farmers.
However, for a more complete and extensive discussion concerning
agricultural practices and inputs, the reader is referred to the
agronomy and economics sections of this report.

Most of the respondents in Kaudulla reported that they used
tractors during 1986 yala. The three farmers who reported not using
tractors owned cattle or hired cattle. Those who reported using
tractors used them for a variety of activities ranging from land
preparation to threshing. Note that 63 respondents (79 percent) 1n
Kaudulla reported using buffalo in conjunction with tractors. A
majority of respondents (61 percent) reported using buffalo for land
preparation. Sixty-one percent of the sample farmers using buffalo
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reported that they owned the buffalo. None of the farmers reported
owning four-wheel tractors, and only 16 respondents (20 percent) said
they owned two-wheel tractors. Nineteen farmers (24 percent) reported
that they owned agro-chemical sprayers.

Thirty-two percent of the respondents reported that they trans-
planted paddy during 1986 yala. Only 31 percent of the farmers
reported using high-yielding varieties. However, all the respondents
said that they used agro-chemicals, including chemical fertilizers.
Many farmers cited insufficient water as the reason for resorting to
chemical weed control.

The use of hired labor was widespread in Kaudulla. Eighty-five
percent of the farmers reported that they had used hired labor. Other
respondents reported using their own family labor or exchange (attam)
labor.

Kaudulla respondents appeared to rely on local labor rather than
on seasonal workers from outside the district. For instance, as the
data 1n Table 66 indicate, 51 respondents (75 percent of those who had
hired wage labor) relied on local workers. Only 8 respondents had
rel ied on itinerant workers who migrate to the district from surround-
1ng areas during the peak months of the agricultural cycle.

Table 66. Types of hired workers employed as reported by Kaudulla
respondents, 1986 yala (n=68).

Types of Hired Workers Number of Responses Relative Percent
Local workers 51 75
Outside seasonal laborers 8 12
Both seasonal and local 7 10
Own village sends 2 3

Farmers' Disposition of Paddy. Seventy-four respondents (92
percent) sald that they keep enough paddy for consumption after each
harvest. However, 54 farmers (72 percent) reported that they had to
sell at least part of thelir retained paddy to obtain needed capital.
Lack of capital 1s one reason why Kaudulla respondents resort to other
sources of income, such as wage labor, between seasons.

b. Irrigation Water Supply and Distribution

Though the farmers 1n a surface distribution system 11ke Kaudulla
usually get water to their fields from field channels, it is not
uncommon for some irrigators to obtain water from other sources.
According to the data 1n Table 67, 74 respondents reported that they
had access to irrigation water from field channels. Thirteen respon-
dents reported that they had access to water from sources such as
adjoining flelds and drainage channels, It was observed that some of
the newly encroached fields had no access to existing field channels.

135



Table 67. Sources of water for crop cultivation as reported by
Kaudulla respondents, 1986 yala (n=80).

Source Number of Responses¥
Field channel A 74
Branch canal 0
Adjoining fields 9

4

Drainage channel

¥Multiple responses were possible,

Water Supply. According to the household survey conducted in
Kaudulla, most farmers perceived that they had not received adequate
water during 1986 yala. Only 10 farmers (12 percent) felt that they
had received an adequate supply. The majority of respondents who said
they had not received an adequate water supply thought that not enough
wate was released from the tank. One irrigator attributed inadequate
supply to 111icit tapping and damaged structures, and another farmer
claimed that sufficient water was not distributed.

When respondents were asked where they believed water problems
occurred most often within their field channel areas, the majority felt
that the tail regions experienced water problems most often (Table 68).
Respondents gave a number of explanations for water distribution
problems based on their experience and observations. These are
summarized in Table 69. Most of the farmers attributed water problems
to faulty physical structures (canals, outlets) and to an inadequate
water supply.

Table 68. Kaudulla respondents' perceptions of where water problems
most often occur in field channels, 1986 yala (n=67).

Location Mumber of Responses Relative Percent
Head 1 1
Middle 1 1
Tall 58 87
Along field channel 7 10
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Table 69. Reasons given by respondents for water distribution
problems in Kaudulla, 198 yala (n=67).

Reason Number of Responses Relative Percent

Bad construction of

channels, and silting 23 34
Inadequate supply and

duration 12 18
Field channel outlets faulty 10 15
Waste of water due to damaged

structures 10
Non-maintenance of field channel 6
Expansion of command area 3
INlicit tapping 2
Improper water management 1

Water Rotation. Ninety-seven percent of the farmers in Kaudulla
reported gettin water supplies on rotation. Only two respondents
reported that they have access to continuous flow. Most farmers said
they only knew the rotation changed when the canals dried up. Six
farmers (8 percent) said they heard about rotation changes from the vel
vidane, and 12 farmers (15 percent) said they find out about changes
from the patrol laborer. Most farmers complained that they do not
receive advance notice of rotational changes. Only 12 farmers (15
percent) said that they were informed in advance.

As the data in Table 70 indicate, many fammers in Kaudulla seemed
to think that water users have 1ittle influence on decision-making
related to water rotation. Their impression was that higher government
authorities, such as the government agent and the irrigation enginear,
tend to dominate decision-making. However, many respondents indicated
that decisions regarding the rotation system are made at the kanna
meeting, which is supposed to act as a forum to facilitate two-way
communication petween irrigators and the Irrigation Department. VYet
farmers believed that the kanna meeting is increasingly used by
officials to inform farmers of official decisions, rather than to
provide for a free and informal dialogue between officials and water
users. Irrigation officials, however, stated that they are always
ready to listen to and seriously consider farmer suggestions at the
kanna meetings. In Kaudulla, about 47 percent of the farmers inter-
viewed reported that they had participated in the 1986 kanna meeting
for 1986 yala. However, since farmers are charged with the respon-
sibility of attending kanna meetings, the magnitude of this response
may have been due to a "courtesy response." Some diagnostic analysis
team members reported low attendance by farmers at most kanpa meetings.
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Table 70. Kaudulla respondent..' report of who makes decisions
regarding the irrigation rotation, 1986 yala (n=80).

Number of Responses Percent

Pre-cultivation (kanna)

meeting 25 31
Government and irrigation

engineer 22 28
Don't know 11 14
Government agent 10 13
Irrigation engineer 9 11
Mahaweli Authority 3 4

Equity. Equity 1s another important irrigation issue. Fifty
percent of the respondents said that not all the farmers in Kaudulla
had equal access to water for various reasons. The most commonly given
reasons were the following:

Canals do not carry sufficient water.

Damaged structures.

I1Ticit tapping.

Faulty construction and positioning of outlets.
* Improper water management.

* Improper construction and leveling of canals.

Xk X X X

Although many respondents perceived that farmers from tail regions
of field channels encountered more water problems, farmers from head
and middle regions reported that they experienced water problems as
well (Table 71). Moreover, 1t was revealed that farmers' complaints of
water shortages were more acute in Stage II of the system. Most Stage
II farmers complained of water shortages regardless of their hydrol o-
gical position within the system.

Table 71. Sample farmers' responsas when asked 1f they experience
water shortages (by hydrological position), Kaudulla,
1986 yala (n=79).

Do You Experience Number of Responses* Totai
Water Shortage? Head Middle Tail
Yes 26(90)** 18(78) 25(93) 69(87)
No 3(10) 5(22) 2(7) 10(13)

*Location of allotment on field channel.
*%¥() = Relative percent.
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When water users are faced with problems, such as water shortage,
most of the sample farmers said that they informed the irrigation
officers directly, or through others such as the yel vidane and the ela
niyojitha. Two farmers reported that when thay faced water shortages,
they resorted to i11icit tapping. Though others did not openly admit
to 111icit tapping, it is 11kely, as indicated by reports of widespread
111icit tapping, that many more do so.

Ninety-six percent of the respondents reported that they shared
water during times of scarcity through joint agreements with neighbor-
1ng farmers. When there is an inadequate water supply, fammers must
cooperate with their neighbors in order to divert adequate water to
Tndividual allotments. For instance, if all the farm cutlets are open,
the water level is not high enough and no allotments will receive
sufficient water. In such circumstances, the only way tc divert water
into these allotments is to close some outlets to raise the water
level. This can be done by force (which could lead to disputes) or
through informal agreements. Among other responsibilities, the vel
vidane is charged with ensuring that al} farmers in his areca receive
sufficient water. However, when the vel vidane attempts to rectify
situations such as that described above, only three farmers reported
that they follow his instructions.

In spite of the many informal joint agreements among farmers at
the field channel level, disputes over water rights are not uncommon in
Kaudulla. Seventeen percent of the sample farmers reported that they
were involved in water disputes with their neighbors. Disputes have
led to violent conflicts in four of those cases. Compared to land
disputes, water disputes are more prevalent in Kaudulla. For example,
only 6 percent of the respondents reported that they had disputes with
neighbors over land rights. For adjudication of disputes, the main
mediators mentioned by respondents were the yel vidane, work super-
visors, the cultivation officer, and neighboring farmers.

¢. Farmers' Irrigation Behavior

Farmers identified a range of issues which they felt affected
their irrigation behavior. These included i1licit tapping of irriga=-
tion water, damaged structures, encroachment, highiand cultivation, and
system maintenance.

I11icit Tapping of Irrigation Water. Significant tenurial changes
have taken place in Kaudulla since land allotments were made. As a
result of these changes, a large proportion of current cultivators were
not orfginal allottees or inheritors of allottees. Non-allottees held
parcels of land on diverse terms, such as ande, wee porunduwa, lease,
mortgage, and outright purchase.

Farmers and other key informants stated that those who temporariiy
Cultivate someone's land are often motivated to gain as much as
possible during a short time. Therefore, they do not necessariiy feel
obliged to attend to their duties as irrigators. On the other hand,
many settlers continue to lease or mortgage parcels of their Jand to
outsiders due to financial difficulties and for other reasons. Yet, it
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was generally agreed by officials and irrigators that non-allottees
think and act 1n terms of their personal interests and, therefore,
contribute to water problems. Non-allottees reportedly tended to
violate formal and informal rules that guide irrigation practices at
the local level. Officials and other irrigators said that non-allot-
tees were more 11kely to resort to 1111cit tapping.

IN11cit tapping was perceived by most irrigators as a major
problem in Kaudulla. Ninety percent of the farmers interviewed said
that farmers in their locality resorted to 1111icit tapping (Table 72).
Only 9 percent of the respondents said that 1111cit tapping does not
occur 1n thelir locality. I111cit tapping was reported almost every-
where within the system, regardless of hydrological position.

Table 72. Kaudulla respondents' response to the question "Do
farmers resort to 1111icit tapping in your area?"
(1986 yala, n=80).

Response Number of Respopses Percent
Yes 72 a0
No 7 9
Don't know 1 1

As Table 73 shows, most 1111cit tapping of water occurred from
field channels. Many respondents also reported that water was tapped
from branch canals, D~channels, and the main canal. The methods used
to tap water 111icitly may also damage physical structures. In fact,
58 farmers reported that 1111cit tappers used methods that damaged
structures. Some methods mentioned were the following:

* Cuttirg channel bund.

* Dri1ling holes in channel bund.
* Breaking outlet gates.

* Breaking outlet pipes.

Some farmers safd that other methods used did not lead to structural
damage, including pumping water using rubber hoses, and blocking the
flow of water.

Table 73. Source of water for i11icit tapping in Kaudulla as
reported by respondents, 1986 yala (n=73).

Number of Responses*

Field channel 70
Branch canal 50
Distributary channel 49
Main canal 2

*Multiple responses were possible.
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Most respondents in Kaudulla clearly understood that 1111cit
tapping was a punishable offence, with only one respondent saying that
1t was rot. Most of the sample farmers also cited the kind of action
taken against offenders. Forty-one respondents (51 percent) said that
of fenders were asked to pay damages and a fine. Four respondents said
that offenders were denied water for a few days, and 14 respondents
stated that offenders had to appear before a court of law for legal
action. Most of the respondents (74 percent) said that the punishments
were adequate.

Fifty percent of the respondents interviewed in Kaudulla said that
they report 111icit tapping to higher authorities. Table 74 shows the
officers to whom farmers indicated that they reported i11icit tapping.

Table 74. Kaudulla respondents' report of who they notify about
1171icit tapping, 1986 yala (n=40).

Number of Respopses*

Agrarian Service officers 22
Irrigation Department officers 17
Colonization otficer 2
Ela niyojitha 1

*¥Multiple responses were possible.

However, 23 (58 percent) of the 40 farmers who responded reported
that oftficers do not take action against offenders when reported. The
rest of the 40 respondents said that of ficers do take action against
offenders. Those respondents who said no action was taken gave diverse
reasons for this, including the following:

¥ Officers had weaknesses and shortcomings, particularly negli-
gence, favoritism, and absenteeism.

* Otficers only warned offenders, but meted no real punishment.

* Farmers were reluctant to give evidence against neighbors.

* The scheme lacks effective rules and regulations.

The majority of respondents (90 percent) were dissatisfied with
the present system of dealing with 111icit tapping. About 50 percent
of the respondents said that no rules and regulations were enforced.
While some said existing laws were inadequate and ineffective, others
said that officers did not perform their duties in keeping with rules
and regulations,

As the data 1n Table 75 indicate, farmers' generally perceived
that irrigation officers and Agrarian Service officers have the
authority to take action against 1111cit tappers. When asked who
should possess the authority to deal with i111cit tapping, over 50
percent of the respondents said that 1t should be a special officer
from the Irrigation Department appointed for the task (Table 76).
Fourteen respondents said that Agrarian Service officials should have

141



authority, and others cited various people such as the government
agent, the ela niyojitha, the colonization officer, and police.

Table 75. Kaudulla respondents' report of who possesses authority
to deal with 1111cit tapping, 1986 yala (n=80).

Number of Responses Percent

Irrigation Department officers 24 30
Agrarian Services officers 42 53
Colonization officer 0 0
Don't know 14 18

Table 76. Kaudulla respondents! report of who should possess
authority to punish 111icit tappers, 198 yala
(n=80).

Number of Responses Percent

Special otficer from
Irrigation Department 43 54

Agrarian Services officials 14 18
Ela niyojitha '8 10
Government agent (police) 6 8
Don't know 6 8
Mahaweli Authority 2 3
Colonization officer 1 1

Damaged Structures. Damage to irrigation structures are caused by
humans and natural events., Whatever the cause, damage was considered
by system management and the water users to be a major factor affecting
the proper functioning of the irrigation system. In Kaudulla, all
respondents reported that scme of the physicai structures in their area
were damaged. Most of the farmers stated that such damage occurred
frequently. Respondents also indicated that floods during maha largely
contributed to structural damage.

Respondents cited several other causes of structural damage
Including siltation (Table 77). 1In addition, tractors and buffalo were
reported to damage structures. For instance, tractor owners drive
their tractors into irrigation channels to clean the tractors, which
damages channel bunds; and buffalo owners allow their animals to feed
on the grass growing on channel bunds since land reserved for pasture
has been encroached upon.

Some human acticns that result in structural damage are deli-
berate. For instance, cutting channel bunds, drilling holes in bunds,
or breaking turnout gates to divert water to fields are examples of
deliberate damage.
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Table 77. Causes of structural damage as identified by respondents
1n Kaudulla, 1986 yala (n=80).

Cause Number of Responses*
Buffalo 80
Soil erosion 73
Lack of maintenance 71
I111cit tapping 70
Tractors 66

¥Multiple responses were possible.

Lack of proper and regular maintenance also contributes to damage
since damaged structures that are not repaired continue to deteriorate.
When the efficiency and the capacity of the water distributicn network
are reduced by damage, some water users may cause further damage to
divert water to their fields.

Respondents 1n Kaudulla were unanimous that damaged structures
aggravated water problems in the scheme. Seventy-one respondents (89
percent) felt that the damage reduced the conveyance capacity of the
waterways. Some also said that damage caused water waste.

Sixty percent of the respondents said that they reported struc-
tural damage to authorities., Respondents also said that damages were
reported to agrarian and irrigation officials, particularly when
someone deliberately damaged structures. However, when asked whether
or not offfcers took action against offenders, only a few respondents
answered affirmatively. Most of them said that officials were unable
to do anything about damages. Once again, the majority of the respon-
dents thought that officials were either noi interested or were
partial. Some respondents pointed out that some offenders were
Influential individuals and could not be punished.

Respondents in Kaudulla suggested several remedial measures
regarding damage to physical structures. They were the following:

* Line canals with concrete.

* Introduce and impose a clear set of rules and regulations to
safeguard structures.

* Provide adequate amounts of water to farmers to prevent them
from resorting to i11icit tapping.

¥ Prohibit the use of canals for washing tractors.

* Build bridges across canals where needed so that tractors and
buffalo can cross withovt damaging canal bunds.

* Educate farmers on the value of the structures.

* Appoint a special officer in the Irrigation Department to 1ook
after irrigation structures.

Encroachments. Encroachment was common in all the major irriga-
tion schemes 1n Polonnaruwa District. As a result ¢f encroachment,
Kaudulla's command area had increased from about 10,500 ac to about
13,300 ac. Because water issues to Stage II can be unreliable during
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yala, some of these settlers have moved to reservation areas around
Stage I 1n order to obtain a more predictable water supply. In addi-
tion, land reserved for canal bund protection, roads, pastures, and
drainage have been cultivated throughout the entire Kaudulla Scheme.

Seventy-eight percent of the farmers interviewed in Kaudulla felt
that encroachment constituted a major problem in the area. Most
respondents said that encroachers were from the immediate locality, but
about 21 percent of the respondents said that encroachers were from
outside a particular field channel. Table 78 indicates where farmers
felt encroachment had occurred within their field channel.

Table 78. Location of encroachments in Kaudulla as reported by
respondents, 1986 yala (n=65).

Location on

Field Channel Number of Responses Relative Percent
Right along field channel 46 71
Tail 15 23
Head 3 5
Middle 1 2

Flity-seven farmers interviewed thought that encroachments
burdened the irrigation system since more land was included in the
command area and the amount of water available to legitimate allotments
was reduced. Most of those who thought encrcackment was not a burden
claimed that drainage water was used to cultivate encroached land.
Others felt that encroached areas did not constitute a significant
acreage within the scheme. Nearly 50 percent of the respondents (38)
sald that encroachments led to disputes over water and land rights. In
particular, water disputes appeared to take place when encroachers
resorted to 1111cit tapping.

Encroachment also has implications for the operation and main-
tenance of the irrigation system. As a result of widespread encroach-
ment, Tand tenure and land use patterns have become more complex over
the years, The boundaries of many original allotments have become
blurred because new parcels have been added through encroachment. In
Kaudulla, 42 percent of the respondents said that they cultivated
encroached land. In most cases, this was in addition to original
allotments. As a result, farmers need more irrigation water than
before. This need has created problems in water sharing at the field
channel level.

Highland Cultivation. Highland cultivation using irrigation water

was reported by respondents. Farmers whose land was above the irriga-
tion channel use some form of 11ft irrigation to get water to their
fields. Though many farmers used irrigation water for highland
cultivation, they generally agreed that it creates a burden for the
irrigation system. Nevertheless, in the absence of an alternative
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source of water for such cultivation, farmers are 11kely to continue to
extract water from the irriga’ion system for highland cultivation.

System Maintenance. The maintenance of physical structures was
viewed by sample farmers as a major issue in Kaudulla. Yet, while

farmers complained that authorities did not attend to maintenance work
regularly, local officials said that water users did not routinely
clean theii field channels.

d. Irrigation Organization, Farmers, and Farmer
Organizations

Even though the management of water is centrally organized in Sri
Lanka, actual distribution and allocation involves a large number of
Intermediate-level and local officials and functiona;ies. It is
inevitable that farmers came into contact with these officials, whether

directly or indirectly.

Eleven farmers (14 percent) interviewed said that they had met
Trrigation officials during 1986 yala. Most of these had met with a
work supervisor, while one respondent had met with technical assis-
tants. These farmers said they had contacted these officers to discuss
shortage of water, rota*ional issues, and damage tc irrigation struc-
tures, among other topics. Thirteen respondents (16 percent) reported
that they were acquainted with irrigation officers. In some instances,
Trrigation officers resided i{n the same neighborhood as farmers. Most
of those who reported such social contacts mentioned that the contacts
were with the work supervisor.

Those who sald that they did not meet with officials during the
Tast yala were asked whether or not they had met with any officials
earlier regarding irrigation matters. Twenty-seven respondents (34
percent) answered affirmatively, but over 50 percent of the faimers
Tnterviewed had not met with any irrigation officials at all. However,
most of the respondents reported meeting with the vel yidane regarding
irrigation problems. Thirty-six respondents reported that they knew a
ve] vidane, and they meet him wherever they are faced with a problem.
The ve] vidane was reported by respondents to resolve the issues
himself or to mediate between officials and water users. Some farmers
appeared to find 1t unnecessary to go to irrigation officers directly,
at least concerning some matters.

Thirty-five respondents (43 percent) reported that they felt that
Trrigation officers performed their duties satisfactorily. Forty-two
(53 percent) farmers did not think so, and 3 respondents said that they
did not know. Most of those who felt that officials did not perform
their duties well said the officials were not concerned about farmers!
problems,

In spite of the negative views expressed by the ‘-espondents, 79 of
them said that irrigation officials were important to irrigation
management. Only about 50 percent of the respondents said the same

about the yel vidane.
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To facilitate irrigation management and farmer participation in
ma;jcr schemes, the project committee system was introduced 1n 1984 by
the .rrigation Management Division of the Ministry of Lands and Land
Develupment (Gunasekera, 1986). A three-tier organizational structure
was established which consisted of a project committee at the system
level, a project subcommittee at the intermediate level, and a turnout
group at the field channel level., These committees were to promote
farmer involvement 1n the management of the irrigation system and to
mobi11ze local resources for local operation and maintenance (0&M),

Under the committee system, farmers were asked to pay an annual
0&M fee of Rs. 100/ac to a common O&M fund maintained by the Irrigation
Management Division of the Ministry of Lands and Land Development. The
Tnit1al response of Kaudulla farmers was positive. Over 420,000 rupees
were collected for 1984, However, the annual collection has dropped
rapidly since then. For {ristance, the amount paid for 1986 was just
over 100,000 rupees.

Respondents gave several reasons for tha rapid decline in 0&M fee
payment. First, farmers complained that 0&M work which was supposed to
be done using O8M fees was not done as expected. Second, there was no
remedial action taken against those who did not pay. Third, many
farmers said they were unaware of the newly introduced project commit-
tee system and 1ts objectives.

Only 22 respondents (28 percent) in Kaudulla had heard about the
project subcommittee in the area, Of these, only 17 farmers (21
percent) knew their representative 1n the local project subcommittee.
Of these respondents, only 6 respondents (8 percent) said that they
were satisfied with their representative. Nineteen respondents said
that they were dissatisfied since no service has been rendered so far.
Only 1 respondent said that he was satisfied with the local project
subcommittee.

Though formal farmer organizations at the local level do not exist
in Kaudulla, farmers at the field channel level have informal, joint
agreements with one another to share water. Eighty-eight percent of
the farmers interviewed said that they have such informal agreements.
Note that these agreements only relate to sharing water and do not
extend to system maintenance, prevention of i111icit tapping, or
punishment of offenders. The general feeling among water users 1in
Kaudulla appeared to be that a more formal, collective organization
consisting of all the water users at the field channel level was
required to deal with such {ssues.

Eighty-eight percent of the farmers interviewed expressed a
willingness to become members of such an organization. Encroachers who
had no permits for their landholdings and others who were not convinced
that a farmer organization could solve thelir problems reported that
they would not want to join such an organization. Some of the respon-
dents expressed the view that the water user association's authority
should extend beyond the field channel area.
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Examination of farmer expectations revealed considerable confusion
regarding the function of project committees. Although water alloca-
tion, adjudication of disputes, supplying agricultural inputs, and
extension were all cited, these were not expected roles of the project
committee or project subcommittee (Table 79).

Table 79. Perceived functions of project committees 1dentified by
respondents in Kaudulla, 1986 yala (n=80).

Number of
Fupction Responses*
Allocate water at field channel level 51
Maintain channels 51
Rehabilitate channels 44
Prevent {111icit tapping 42
Resolve conflict 33
Supply 1nputs 8
Agricultural extension 1

*Multiple responses were possible.

The majority of the sample farmers in Kaudulla felt that all the
cultivators should be able to take part in the organization irrespec-
tive of whether they were original allottees or not. There was general
agreement that leaders should be elected by the members of the farmer
organization, yet there was some disagreement about who should have
voting rights. Some felt that all the cultivators should be able to
vote, while others thought that only the original allottees or descen-
dants should retain voting rights.

Respondents generally agreed that local irrigation officials
should also be members of the association. Most of the respondents
mentioned the work supervisor when asked which offi:zers should be
members, while other respondents mentioned the technical assistant.
Sample farmers gave various reasons why these officials should be
members. Among them were the following: 1t would be easier to meet
with these officials regarding irrigation matters, it would strengthen
the 1ink between higher authorities and farmers, and because these
officials are 1n charge of the irrigation system.

Of those who said that a farmer organization was needed, 88
percent said the ye]l vidane should be a member of the organization
because of his familiarity with the local people, local conditions, and
irrigation matters. Most of those who did not think the ve]l vidane
should be a member said that he did not perform his duties., Others
sald that since farmer leaders would be there, there was no need for

the ve] vidane's presence.
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F. WOMEN IN DEVELOPMENT
1. INTRODUCTION

In Sri Lanka, the national government and international donors
such as USAID are increacingly promoting the development and improve-
ment of 1rrigation systems, large and small alike, as a means for
Increasing agricultural production. Parallel to this is a greater
awareness of the importance of wamen's roles in agricultuial produc-
tion. Despite the noticeably greater attention given to farm women in
recent development projects, understanding of women's roles in 1rri-
gated agriculture and their interaction with the irrigation system is
minimal,

Therefore, a component relating to women's roles in an irrigated
agricultural production system was included as a part of the Diagnostic
Analysis Project. The women in development (WID) component sought to
gather the following specific information:

1. Women's activities on- and off-farm, agricul tural and non-
agricultural.

2. Sources of agricultural information for women.

3.  Information about home gardening and permanent tree crop
production,

4. The 1income and expenditure patterns and preferences of the
household, including the role of women in family resource
management.

5. The participation of women in community organizations and
informal groups.

The study made an effort to cover many broad topics of interest
and was basfcally exploratory in nature. It was not expected that all
questions relating to women's roles in Trrigated agriculture would be
conclusively answered, but that important and significant areas would
be identified. Information from the study was aimed toward providing
the Diagnostic Analysis Project with an additional dimension to
understanding the complex operation and interaction of the irrigated
agricultural system and the farm household.

The funding for the WID component of the Diagnostic Analysis
Project was derived from the USAID/Colombo Mission. Initially, only
two Irrigation schemes (Parakrama Samudra and Giritale) were {ncluded
for WID studies. However, some additional funding allowed the inclu-
ston of Kaudulla and Minneriya schemes. This additional funding was
significantly less than for the initial PSS and Giritale studies.
Therefore, the WID studies on Kaudulla and Minneriya were more 11imited
In scope and detail than the PSS and Giritale studiss.
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2.,  METHODOLOGY

The Kaudulla Scheme was investigated by the Diagnostic Analysis
Project during the 1986 yala. The head, middle, and tail sites on the
Trrigation system were chosen by the engineering and agronomy com-
ponents to represent expected hydrological differences. The WID sample
was composed of farm households with field allotments from head and
tail field channels on the distributary channels named in Table 80.

Table 80. Field sites for the 1986 yala WID study on Kaudulla,

Househol ds

Stage I Stage II (Economics) (Sociology)
read Tract 1/D1 Tract 1/LB Main 23 23
Middle Tract 4/0D8 Tract 445/D1 20 19
Tail Tract 8/D1 Tract 12/D2A 29 30
Total 72 78

While hydrological locations may exhibit significant social and
economic differences, correlation was determined to be less important
for the WID component than for disciplines such as engineering.
Therefore, only data relating to domestic water were analyzed according
to hydrological location.

The actual number of households in Kaudulla were unknéwn.
However, based on the original number of allottees, and adjusted for
the second generation, a sample of approximately 2-3 percent of the
estimated population was obtained. Efforts were made to include only
those households engaged in cultivation during the 1986 vala. However,
due to the complexity of land tenure arrangements and restrictions
Imposed by the hydrological selection of the sample, some households
that had leased or mortgaged their fields to others were also surveyed.
In addition, some households were cultivating more than one allotment,
but were only interviewed about activities and information relating to
one holding. Within each household, the selection of the female
respondent was based on availability, accessibility, and the subjective
opinfon of the field investigator as to which female family member
could best provide the information requested.

Because of 1imited funding, assistance from the other discipline
components was necessary. The economics component and tho sociology
component collected various information for the WID study. Due to
Togistical problems involved in implementing a study of this scope,
precise replication und coordination among all of the disciplines was
difficult to achieve,

Although 80 households were actually selected for interviews by
the WID, econcmic, and sociology components, only 72 were interviewed
by the economics component and 78 by the sociology component. There-
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fore, in some cases the size and composition of the WID sample varied,
depending on whether the information was collected by the economics or
the sociology component. These discrepancies in sample size are noted
in the heading of the respective tables.

The economic and sociology field investigators, supervised by the
WID coordinator and the WID field leader, administered the WID ques-
tionnaires. These investigators were all previously involved in the
Parakrama Samudra and Giritale studies, and had worked closely with the
WID field investigators. Although all of the economic and sociology
investigators were males, their prior experiences with the WID inves-
tigators served to sensitize them to issues concerning women ard
methods and techniques for administering the questionnaire to women.
THe WID field leader accompanied the economic and sociology inves-
tigators to the field, observed interviews, and assisted in resolving
any problems.

The WID questionnaires were based largely on previous workshops
and studies conducted in Sri Lanka (1983 Diagnostic Analysis Workshop:
System H of the Mahaweli, 1984 Diagnostic Analysis Workshop: Parakrama
Samudra System, and Kilkelly, 1986). The actual design, construction,
and testing of the questionnaire is detailed in previous reports
(Kilkelly, 1986; Nelson et al., 1987a and 1987b). A1l questionnaires
were administered in Sinhala. Because of 1imited funding, the ques-
tionnaire for Kaudulla was considerably reduced from those used in the
PSS and Giritale studies. Although most of the questions were re-
stricted to specified responses, a few "open~ended" questions involving
discussion were also included.

The questionnaires ware administered in a single session by the
economic and sociology investigators, during the same survey in which
econcmic or sociology interviews were conducted. In previous studies,
investigators noted that male family members tended to intrude on the
WID interview. However, investigators in this study reported that they
were able to resolve this problem.

Field investigators were issued tabulation forms and coding
sheets. Coded data were verified by the WID field supervisor and the
WID coordinator. The coded data were entered on a CompaqT™™ microcom-
puter for analysis using MicrostatT™™ -- a statistical analysis software
program. In addition, some of the open-ended discussion questions
found to be incompatible with computer analysis were hand tabulated.
Basically, a one-way frequency analysis was used for most variables and
the arithmetic mean for other variables. A cross-tabulation of one
variable was performed.

3. _ RESULTS AND DISCUSSION
a. Demographic Information
The family position of Kaudulla women respondents and their
marital status 1s given in Table 8l. The status of the woman within
the family is an important variable when topics such as work responsi-

bilities and decision-making are examined. As expected, the overwhelm-
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ing majority of respondents were married women, with three young
unmarried women sti11 1iving in their parents' homes. Three widows
were in the sample: one was the widow of an original male allottee and
two were widows unrelated to an allottee (encroacher, tenant, or
purchaser). The small number of widows in the WID sample is probably a
reflection of the relatively young age of the Kaudulla resettlement
scheme,

While a large proportion of women sampled were the wives of
original male allottees, an unexpectedly large proportion reported that
they were unrelated to the original allotment holder. Those bearing no
relationship to the original allcttee were related to encroachers,
purchasers, or tenants. Although sale, mortgage, or division of the
allotment is technically prohibited in the resettlement scheme, in
reality a variety of complex tenurial relationships exist.

Table 8l. Family position and marital status of Kaudulla respondents,

1986 yala.
Econ Soc
(n=72) (p=78)
___________ %........__._____...
F i R i i
Wife of allottee 38 46
Widow of alilottee 1 1
Daughter of allottee 8 8
Daughter-in-iaw of allottee 8 8
Female allottee 3 10
Not related to allottee 42 27
Marital Status
Married 89 90
Unmarried 4 5
Divorced/separated 3 1
W1idowed 4 4

The age and educational level of the women interviewed is shown in
Table 82. The age of the women ranged from 17 to 55 years with an
overall average of 36 years of age. Although the Kaudulla Scheme
resettlement began in 1950, a large proportion of the allotments (Stage
IT) were not settled until as late as 1976. Therefore, the number of
eldeirly women sampled on the Kaudulla Scheme was significantly less
than some of the older settlements.

The educational level of the women inteiviewed ranged from none tec
a woman with a college degree (B.A.), with an overall average of 7
years of formal schooling. Approximately 38 percent of the sample had
received at least 10 years of schooling (GCE), a fairly high level for
a rural area. In fact, when only the women classified as unrelated to
an original allottee were considerad, the average education level was
found to be 8 years of schooling. This may be related to the fact that
many of these households relocated from more densely populated cities
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in the Wet Zone (such as Kandy or Colombo) with the financial ability
to either purchase or lease land from the original allottese.

Table 82. Age and education of Kaudulla respondents, 1986 yala

(n=72).
Age (yrs) Percent Education Percent
< 20 3 None 8
21-30 25 1-5 years 29
31-40 36 6-9 years 25
41-50 25 (GCE)101* 32
> 50 11 (GCETA k% 4

B.A. (16 years) 1

*GCE'0' = General Certificate of Education ~ ordinary level
(10 years of schooling plus exam)
**GCE'A' = General Certificate of Education - advanced level

(12 years uf schooling plus cxam)

b. Activities of Kaudulla Women

A general description of activities reported by the women inter-
viewed 1s found in Table 83. Overall, even though women were primarily
responsible for the majority of household duties, almost 90 percent
were also involved in some form of agricultural work. Five women were
engaged in full-time employment outside of the home, which seemed to be
relatively high for the predominantly rural setting of the Kaudulla
Scheme.

Table 83. Primary activities of Kaudulla respondents,
1986 yala (r=72).

Activity Percent
Mainly housework 6
House/flieldwork 88
House/field/job 1
House/ job 5

Although funds were not available to gather detailed information
concerning specific activities associated with the various stages cf
irrigated crop production, some general information about the type of
agricultural activities performed by Kaudulla women is reported in
Table 84,
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Table 84. Agricultural activities of Kaudulla respondents,
1986 yala (n=72).

Activity Number of Responses*
Home vegetable garden 30
Highland crop 1
Family fields 65
Other's fields 28
No agricultural work 8

*Multiple responses were possible.

Only 11 percent of the women interviewed reported that they
performed no agricultural work at all. The majority of women (90
percent) were engaged in agricultural work on their own family fields.
In addition to work in their own fields, women also worked in other's
fields (15 women), home gardens (18 women), or both (12 women). One
woman was primarily engaged in growing a dryland crop of kurrakan
(finger millet) on the highland.

The 28 women (39 percent) involved in off-farm, agricultural work
reported that this was primarily attam (a form of exchange labor),
casual wage labor, or ghramadana (volunteer work) as shown in Table 85,

Table 85. Off-farm, agricultural work of Kaudulla respondents,
1986 yala (n=28).

Number of Number of
Of f-farm work Responses* Type of activity Responses*
Attam 23 Transplanting paddy 27
Wage labor 18 Weeding paddy 20
Shramadana 5 Harvest paddy 14
Harvest other field
crops 1

*Multiple responses were possible.

Almost all of the off-farm, agricultural work was in paddy
cultivation. Because the labor intensive activity of paddy transplant-
ing is done solely by women, many households either exchanged labor
with neighbors or hired local teams of women. In fact, local female
labor 1s generally insufficient to meet the labor demands during
transplanting, and crews of women from outside the area are contracted
for this particular activity. Local women usually provide most of the
labor for weeding throughout the cultivation season, either by attam or
casual wage labor. Harvesting the paddy crop is another labor inten-
sive activity, but both men and women commonly work together. Although
harvesting also requires outside hired labor, the crews are composed
primarily of men. Shramadana is generally associated with non-agricul-
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tural work such as community projects, but five women reported that
they had donated their time to assist others with agricultural work.

Besides agricultural work, 21 women (29 percent) reported that
they performed off-farm, non-agricultural work (Table 86). This work
primarily involved shramadana, wage labor, business, or a job. Those
engaged in performing shramadana reported their work as road repair,
cleaning irrigation channels, or community work. Although shramadana
Is technically termed volunteer work, often there is some type of
payment, such as canned food, offered by local government agencies. In
fact, there is a special "shramadana" program by the Cultural Triangle
(UNESCO and the Government of Sri Lanka) in which food goods are given
daily to anyone willing to perform supervised, menial labor within the
ancient archeological sites in Polonnaruwa. The five women with full-
time jobs included one school tszacher and four women who owned,
managed, or were employed in local neighbortood boutiques (small tea
and sundries shops).

Table 86. Off-farm, non-agricultural activities of Kaudulla
respondents, 1986 yala (n=21).

Number of Responses*

Shramadana 13
Road repair 11
Channel maintenance 1
Cultural Triangle 2
Community work 3

Wage labor 3
Road repair 2
Community work 1

Business/job 5
Teacher 1
Boutique 4

*Multiple responses were possible.

c. Home Gardens and Permanent Tree Crops

The highland allotment can be considered an important production
unit that contributes toward the support of the farm family. During
yala, however, home gardening is limited due to insufficient rainfall
and the absence of a water delivery system to the highlands. Even
then, 45 percent of the households reported that they maintained home
gardens. Information concerning 1986 yala home girdens on Kaudulla is
presented in Table 87. Unavailability of water was the most common
reason cited for not having a vegetable garden. In addition, some
women also mentioned that they had 1ittle or no energy to devote to
vegetable gardening due to their responsibilities in the family paddy
fields.
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Table 87. Kaudulla gardening activities, 1986 yala (n=72),

Number of Responses*

Yegetable gardens
Yes 32 (45) %%
No 40 (56)
ihy not
Inadequate water 30
No time/labor 6
Poor soil 3
No seeds available 2
Uneconomical 1
No response 2
Location
Highland/house 27
Fields/bunds/threshing floor 7
Care
Females only 6
Females/males 26
Males only 0
Water
Well/tap 24
Irrigation channel 11
Use
Home only 27
Home/sale 5
Sale only 0

*Multiple responses were possible,
¥%() = Percent

Despite the lack of water, most gardens were located on the
highland around the house. A few wamen reported that they also grew
vegotables in their fields, usually around the perimeter, on the bunds,
or on the vacant threshing floor. These field gardens were then able
to receive the benefit of the irrigation water supplied to the paddy
crop. While 7 women reported that their gardens were located in the
fields, 11 women reported that their gardens were watered from a nearby
irrigation channel. In some locations within the Kaudulla Scheme, the
highland allotment can be easily irrigated from a nearby channel. The
Trrigation of these allotments is a sensitive subject since it is
111egal to do so. Whila the farm household may realize definite
benefits from irrigating highland allotments, it 1s incompatible with
the design of the irrigation system and undoubtedly affects the
delivery of irrigation water to the fields.

These small plots of vegetables were usually consumed at home and
only occasionally sold. Consequently, the care of these gardens was
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often not considered "agricultural™ work, and women often neglected to
mention the existence of these gardens. In addition, throuchout the
study there was difficulty in defining "home gardens." The home garden
was usually 1imited in scope, contained a diverse mix of vegetables,
and was used primarily for home consumption. However, women vc-
casionally assumed that the interviewer was oniy interested in "high-
land crops,™ a larger and more honogeneous stand of vegetables than the
home garden. Furthermore, the highland crop had economic connotations
not associated with the home garden. For these reasons, women may not
have indicated that they wers growing a few vegetables around the house
for the family. Only through successive probing and conversation on
the part of the interviewer was information on home gardening obtained.
Therefore, the data in rable 87 may underestimate the home gardening of
Kaudulla respondents.

Efghty-one percent of the home gardens were tended by both men and
women, rather than by one family member exclusively. Since the
frrigated paddy crop generally receives priority, labor for the home
garden relied on same contribution from all family members. Most (84
percent) of the home gardens were grown for family consumption, with
only a few households selling produce from the home garden.

Seventy-five percent of the Kaudulla sample households cultivated
permanent trees on the highland or around the house. Compared to the
other irrigation systems studied, this was a relatively low percentage.
The primary reascn cited for not growing permanent trees was that of
poor soil (Table 88).

Table 88. Permanent tree crops on Kaudulla, 1986 yala (n=72).

Number of Responses*

Permanent Tree Crops

Yes 54 (75)**
No 18 {25)
Why Not
Poor soi1 11
No water 4
No space 3
No response 2
Care
Females only 0
Females/males 47
Males only 7
Use
Home only 38
Home/sale 10
Sale only 0
No produce 6

*¥Muitiple responses were possible.
**¥() = Percent
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While the majority of women stated that fruits were used solely
for home consumption, 1lmost 20 percent of those women with trees
repl ied that they occasionally sold the produce when cash was required
and a surplus of produce (primarily coconuts) existed. However, no
regular marketing of produce was identified. A few women noted that
although they had planted permanent trees, due to poor growing condi-
tions no produce had been obtained.

Again, because care of the trees comes only after the labor
requirements of the irrigated paddy crop are met, all family members
contributed to the care of permanent tree crops.

d. Domestic Water

The farm women normally assumed the responsibility for obtaining
water for domestic use. While the majority of families were able to
obtain domestic water from a shallow hand-dug well on their own
highland, a significant number of women reported that they used a
neighbor's well or a community well.

Observations suggested that most of the highland wells depended on
recharge provided by seepage from the nearest irrigation channel. It
may be that some households were not as conveniently located (close to
an irrigation channel) as other households, for a reliable source of
domestic water.

Approximately 80 percent of the women interviewed reported that
they had some difficulty with their wells during yala (Table 89). The
most common complaint was low wate level, which meant decreased
quality of the well water. .i!cwever, 27 percent of those experiencing
well problems indicated that the well actually dried up during the
latter part of yala, requiring an alternative source of domestic water.

Table 89. Information about domestic water, as reported by
Kaudulla respondents, 1986 yala (n=78).

Domestic Water Number of Responses Percent
Source
Highland well 51 65
Neighbor's well 18 23
Community well ' 8 10
tank 1 1
Problems
No 16 20
Yes 62 80
What
Low water level 30 48%
Occasionally dry 17 27%
Poor water quality 13 21%
Distance 2 3%

*Relative percentage
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Households Tocated in the middle and tail regions of the irriga-
tion system experienced more difficulty with wells than households
located in the head region (Table 90). This may be due to lower
volumes of water, lower fiow rates of water in channels, or delayed
issues. Towards the end of yala cultivation, irrigation issues are
normally reduced to coinclide with harvesting activities. During this
period wells may be inadequate for supplying domestic water.

Table 90. Distribution of well problems by hydrological location as
reported by Kaudulla respondents, 1986 yala (n=78).

Head Middle Tail
Domestic Water (n=23) (n=19) (n=36)
fFreq, Rel % Freq, Rel % Freq. Rel %
No problems 7 30 3 16 6 17
Well problems 16 70 16 84 30 83

e. Agricultural Information

Overwhelmingly, women indicated that their main source of agricul-
tural knowledge came from traditional experiences. Most women reported
that what they knew of agriculture was gained through the’: mothers,
sisters, or other family members. In fact, "informal" sources of
agricultural knowledge (husband, neighbors, and other farmers) sur-
passed any other sources of agricultural information for women (Table
9l).

Table 91. Primary sources of agricultural information for
Kaudulla respondents, 1986 yala (n=78).

Source Number of Respopnses*
Traditional 69
Husband/son 64
Neighbor/farmer 43
Radio 23
Newspaper 2
Private traders 2
Pamphlets 1
Ag. Extension staff 1
No information obtained 9

*Muitiple responses were possible.

Overall, about a third of the sample indicated that they had used
the mass media to obtain information about agriculture. Considering
the relatively high education level of the Kaudulla women sampled, the
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mass media (especially printed material) could be a means of extending
agricultural information to women. Only one woman cited the agricul-
tural extension staff of the Agriculture Department as a source of
information. This woman indicated that she had attended a farmer
training class sponsored by the local Agriculture Department office.
Although the agricultural extension staff are charged with providing
information about home gardening and tree crop production, there were
no reports of extension visits from the women interviewed. Upon
further questioning, a number of women reported that they occasionally
1istened to agricuitural radio programs and read information about
agriculture in the local newspapers, but did not rely on or seek these
as their main source of agricultural information (Table 92). Radio
programs such as Sarabumi (sponsored by the Agriculture Department),
agricultural quiz shows, and advertisements were specifically cited, as
well as newspaper articles.

Table 92, Occasional sources of agricultural information for
Kaudulla respondents, 1986 yala (n=78).

Source Number of Responses* Percept
Radio programs
No 49 63
Yes 29 37
What
Sarabumi 12
Ag. quiz shows 17
Newspapers
No 60 77
Yes 18 23

*Multiple responses were possible.

Information concerning the irrigation schedule, cropping calendar,
and other general agricultural information is disseminated at the
seasonal kanna (pre-cultivation) meeting. Only one woman reported that
she had attended the kanna meeting for 198 yala. While a relatively
high proportion of male family members reported that they attended this
meeting, informal observations at a few of the kanna meetings in the
Polonnaruwa District indicated that the number of farmers attending
kanna meetings was minimal. The magnitude of the survey -esponse was
probably the result of a "~ourtesy response" since, technically, all
farmers on the irrigation scheme are supposed to attend kanpa meetings.

f. Family Finances
Although the primary source of family income was generally from
paddy cultivation, other supplemental sources of income usually

existed. Approximately 93 percent of all sampled households identified
sume form of income ir iddition to the irrigated crop.
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Day-to-day household expenses managed by women were met by cash
obtained from a variety of sources (Table 93), The majority of women
reported that they obtained cash from their husband, son, or other
family member. However, a significant number of women (almost half of
ths Kaudulla sample) also indicated that a common source of ready cash
existed for temporary use from either neighbors or the local boutique.
Women reported that when a small amount of cash for daily needs was
required, they would borrow from these sources. This practice of
borrowing cash may be a result of the overall 1imitations of the family
budget during most of ths cultivation season (see economics chepter) or
may revlect the unavailability of ready cash to women themselves.
However, seventeen women indicated that they alone provided and managed
the cash for day-to-day expenses,

Table 93. Sources of cash for day-to-day expenses of
Kaudulla households, 1986 yala (n=72).

Source Number of Responses*
Husband/son/ family 32
Woman's own source 17
Borrow from boutique 33
Borrow from neighbors 19
Fruit/vegetables/coconuts 13
Animals/products 3
Sale of subsidiary crops 3
Job/business 7

*Multiple responses were possible.

Fruits, vegetables, 1ivestock, poultry, or animal products were
also means of supplementing family income. This type of income was
difficult to quantify because most women could not recall or estimate
the cash received through these occasional sales. Without some sort of
record-keeping system 1t would be difficult to identify the economic
contribution of the highland. Other significant sources of income
Tncluded earnings fron a business (boutique), a job (teacher), and wage
or casual labor.

The management of resources (especially cash) within the family is
a complex process and not always readily revealed to outsiders.
Therefore, a number of questions about general purchases were included.
In this manner; the individuals actually conducting the purchase were
fdentified. While this does not account for the actual management of
cash, Table 94 may offer insights into the purchasing power of various
family members.

Overall, 1in 43 percent of the sampled households women par-
ticipated in the purchase of daily items. However, it appeared that
the majority of daily purchases were made by male family members.
Since some areas of the Kaudulla Scheme are remote from shops or
markets and involve travelling some distance outside the neighborhood,
male family members probably assumed these responsibilities. Even
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though cultural restrictions do not significantly 1imit movement
outside the household, women are generally constrained by time and
travel requirements, compared to men who commonly use bicycles and
tractor carts.

Table 94. Purchase of day-to-day items by Kaudulla households,
1986 yala (n=72).

Purchaser Number of Respopses Percent
Males only 40 57
Males/females 24 32
Females only 8 11

1n approximately 92 percent of the households, individuals earning
cash contributed all of their earnings to the family (Table 95). When
women were asked about the management of family cash, the responses
indicated that while this was the responsibility of males in the
majority of households, management was shared between males and females
1n a significant number of families (Table 95). In addition, in 19
percent of the Kaudulla households, women reported that they alone
managed the family cash.

Table 95. Management of cash resources in Kaudulla households,
1986 yala (n=72).

Number of Number of
Individual Earnings Responses Cash Management Responses
Keep all 1 (1)* Females only 14 (19)
Contribute part 5 (7) Females/males 28 (39)
Contribute all 66 (92) Males only 30 (42)

*() = Percent

When women were asked about personal access to =ash, 40 percent
reported that they have ‘heir own source of cash to spend as they wish
(Table 96). The most common source cited by women for obtaining
parsonal cash was by their own wage labor earnings. Other sources of
personal cash for women 1ncluded vegetable or fruit sales, operating a
small business, sale of animals or animal products, and a job. Two
women were also independently cultivating leased-in paddy jiand.

The majority of family expenses revolved around family subsistence
and agricultural 1input needs. No doubt, these probably compete in
households of 1imited finances, with family subsistence barely preced-
Ing agricultural expenses (see economics component). One opportunity
to reduce family expenses 1s through establishing a vegetable garden
for home consumption. During yala, the price of vegetables locally 1is
quite high, and most of the women (54 percent) reported that they had
to purchase vegetables for family meals (Table 97). Whereas, those
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women with gardens were able to use the prodiice for family meals, only
six women reported that their home gardens were sufficient to supply
their entire vegetable requirement.

Table 96. Personal cash sources for Kaudulla women, 1986 yala

(n=72).
_Number of Responses*
Own_source of cash
No 43 (60) **
Yes 29 (40)
ithat
Wage labor 18
Vegetable/fruit 6
Business/boutique 6
Animals/products 2
Additional cultivation 2

Job

*Multiple responses were possible.
*¥*%() = Percent.

Table 97. Vegetable sources for Kaudulla households, 1986

yala (n=72).
Source Number of Responses Percent
Own garden only 6 8
Garden/purchase 27 38
Purchase only 39 54

When asked what an unexpected, large sum of cash (such as a
lottery winning) would be used for, the majority of women responded
with new home construction or improvement of the existing home (Table
98). Their second preference was for purchase of agricultural equip-
ment, closely followed by purchasing or leasing in additional lands for
cultivation. Surprisingly (based on the overall financially con-
strained condition of most households, noted by the economics com-
ponent), a relatively high proportion of responses included educating
children, establishing a savings, and even giving cash gifts to
relatives, the temple, or community donations.
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Table 98. Spending preferences of Kaudulla respondents, 1986

yala (n=72),
Use of Lottery Winnings Number of Responses Percent
House construction/repair 22 31
Agricultural equipment 11 15
Purchase/lease in land 10 14
Child's education 9 13
Gift teo relatives/temple/community 8 11
Savings 6 8
Business investment 4 6
Car/motorcycle 1 1
Loan/mortgage repayment 1 1

g. Society Membership

When women were asked about their membership in local organiza-
tions, 45 percent reported that they were members of some society
(Table 99). The most popular society appeared to be the Rural Devel op-
ment Society (RDS). This was followed by both formal and informal
temple societies, and Sarvodaya (a voluntary service group). Although
membership in the RDS is not restricted to men, a special chapter of
the RDS for women, the Kantha Samithi does exist. On other irrigation
schemes studied. women generally preferred membership in Kantha Samithi
rather than the RD%, but this apparently was not the case on the
Kaudulla Scheme. A few other women cited membership in the local
cooperative, the Death Donation Society (where dues are paid to a fund
for the funerals of contributing members), and the Young Farmers Club.

Table 99. Participation of Kaudulla respondents in local
societies, 1986 yala (n=78).

Society Number of Respopnses*
Not a member 43 (55)**
Member 35 (45)
Which

Rural Development Society 18

Temple 12

Sarvodaya ' 11

Kantha Samithi 4

Death Donation 2

Cooperative 1

Young Farmers Club 1

*Multiple responses were possible,
¥*() = Percent
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4.  CONGLUSIONS

Due to the more recent settlement of the Kaudulla Scheme, few
women over 50 years of age were included in the sample, which also
resulted in having fewer widows in the sample than in other schemes
studied. A large percentage of the women interviewed reported that
they were unrelated to an original allottee, but rather they were
related to encroachers, tenants, and purchasers of land in the scheme.

An overall average of seven years of schooling among the women
represented a fairly high level of education for a rural area and may
be the result of the large proportion of women from cities outside the
area.

While most women were usually responsible for household duties, 90
percent were also involved in some form of agricultural work. Women
were primarily ennaged in work on their own family fields, but 38
percent of the respondents reported off-farm, agricultural work such as
attam, wage labor, and ghramadapa. Off-farm, agricultural work mainly
involved activitie 1in paddy cultivation, such as transplanting,
weeding, and harvesting.

In addition, almost one-third of the Kaudulla women interviewed
reported that they also performed off-farm, non-agricultural work.
This work involved shramadana, wage labor, operation of a business, or
a job. The relatively high level of off-farm employment cf women 1in
non-agricultural activities may reflect the lower economic status of
Kaudulla households compared to other schemes studied.

Forty-five percent of the Kaudulla households interviewed main-
tained a home garden during 1986 yala. While all gardens were used for
home consumption (with five households selling some produce from the
garden) only six of the gardens were sufficient to provide the entire
vegetable requirement for family meals. Generally. both men and women
cared for the garden. Some gardens on the highland were 111egally
watered by tapping water from nearby irrigation channels.

Seventy-five percent of the households were cultivating permanent
tree crops on the highland or around the house. This was a relatively
low percentage compared to other schemes studied. The primary reason
cited for not growing tree crops was that of poor soil. Trees were
usually cared for by both men and women. Although the majority of
produce was consumed at home, occasional surplus (primarily coconuts)
was sold.

While the majority of households obtained domestic water from
shallow, hand-dug wells on the highland, 35 percent of the households
Tnterviewed reported their domestic water source as a neighbor's well,
a community well, or the tank (reservoir). Approximately 80 percent of
the women reported some well-water problems during yala. Twenty-seven
percent of those reporting problems indicated that the well dried up
during the latter part of yala. Households located in the middle and
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tail regions of the scheme reported more well-water problems than
households from the head region.

The main source of agricultural information for women was through
traditional experiences or "informal" sources such as the husband, son,
neighbors, or other farmers., About a third of the women indicated that
they had obtained agricultural information through the mass media
(newspapers, radio, and pamphlets). Only one woman cited contact with
the KVS (agricultural extension agent) as a source of information.

Day-to-day household expenses were met from a variety of sources.
A significant number (almost half of the sample) reported that cash was
often borrowed from neighbors or the local boutique. This method of
obtaining cash for daily needs may indicate the 1imitations of the
family budget during most of the cultivation season. Seventeen women
(24 percent) reported that they provided and managed the cash them-
selves for daily expenses.,

Although in many households the management of cash was considered
a responsibility of male family members, in an almost equal number of
households both men and women shared the management of family finances.

Forty percent of the women interviewed reported that they had
their own sources of personal cash, including wage labor (which was
most commonly cited); the sale of vegetables, fruits, animals, and
animal products; operating small businesses; and holding a job.

House .onstruction or improvement was most often cited by Kaudulla
respondents whein asked about spending preferences. This was followed
by agricultural equipment purchase and the purchase or leasing-in of
additional land for cultivation. Surprisingly (based on the overall
financial conditions of Kaudulla households), educating children,
establishing a savings, and giving cash gifts were also mentioned.
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APPENDIX B

AVERAGE DAILY AND WEEKLY SUPPLY RATES

Table 1. Avcrage daily and weekly supply rates for Stage I of Kaudulla

Scheme (mm/day),

1986 yala.

Location frea  Distance

Sluice SeTE

, Dativ Suoply Rates ' Weekly Supply Fates
; Average 5td, Dev. c.v. i Average Std, Dev, ol
; (pe/day \apiday. (an/day} (sa/dev)

t4.42] 0,357 14,45 4,48

i I 7 vooub

kB Main canal 4542 & : 16,294 L.084 .35 Lkl LSte v.284
PR dract ! RN MY : 18,12 14,872 ¢.821 18,026 w176 0267
FU BV Tract | i 4500 ' S48y 16,537 ¢473 ' 3,032 8,550 G, 254
RE: Tract ! 103 19280 ' 21 8,677 (.402 ' s L d03
Ui No, 2 Trezt ) 1769 RO ! 6,129 .7 0.438 : (A L vl
ve Tract 2 187 10870 1259 14,23 47 : 17,587 6,101 0,452
01 A1 Tract 2 ] 1774¢ ' b, 299 8.7:c 1,354 : 7002 4,136 oSBT
D4 Tract 3 7 16270 : 11,080 8.478 0,729 ; 11,925 RIET .26
05 Tract 3 1% 19740 ' 10,310 10,22 4,984 : 1.8 3,688 Vo358
05A Tract 3 H 024 j 1,782 2,615 1,467 ; 1,825 0,932 0,539
06 Tract 3 {2 210 ' 6,071 8.8 1,453 ! b.347 METM U624
L7 Trazt 3 20 22720 ; 24,904 le, 8w 0,434 : 25,556 6,73 G,2n3
08 Mair Charnel 2264 29902 ] 16.180 5,988 0,370 ) 16,284 4,221 (259
bl Tract b 293 3740 ' 14,447 5,044 G826 ] HLELT ML 0,229
FC 17 Tract 5t 3g7ae : 6,379 b, 845 1,070 i b.bot 2,573 6,387
FCI Tract 7 \e MEIR ' 7.28% 6. 206 0.8¢3 ; 1.7 4?7 Hapll
0i Breh, Lh. 1454 400490 ' 1.l §,6%% 0,438 ' 15k P V.25
Dl Tract 8 ) 40s4¢ : RO §.2% 0,269 ! 10,845 2007 6.247
D3 Tract 7 837 80pé? ' 11,509 5.57) 0,482 : LLBT0 MY A
Average 12,420 1.03 0,734 (250 LA U

6. Dev, 7. 164 2.6eC 0278 7,90 1,676 veioe

.y, ¢.5n 6,502 S G w49 0.38%

i74



Weekly Supply Rates

Average Std. Dev. Z.Y,
(an/day} (am/day)

8,548 2,540 0,297
21,220 4,837 ¢.228
21,066 1B.BTY 0.85¢
10,409 2,659 0,238
1B. 664 4,362 0,204
13,950 4,210 0,262
12,122 LT 0,280
17,437 5.2% 0,100
16,007 2,080 G, 192

2,068 1,072 0.518

1,136 0.586 0,8le

9.074 S 428 0,59

4,869 7.139 1.¢06

5in 2.178 0.498

9.7 4,843 0,498
14,648 5,635 0,553

8,278 3,35 G273

0. 345 2,059 {428
15,364 210 4,177
16,27 1,204 00840
12,995 5.3 A
13.177 17 (MM
23,207 16,480 ¢.45¢

B.104 1,872 0,194
16,524 5,032 0,243
13.586 4,704 ol
12,052 385 6,220
10,72 2,947 A
11,344 AR 9,284

8,006 2,283 G282
15,18t 4,349 0,28

4,984 L970 0,385

8.6%2 £ 6,32

8.431 8,349 1,027
18,968 6,013 0,307

31,374 2,295 diled
3776 078y Goid

Table 2. Average daily and weekly supply rates for Stage II of
Kaudulla Schume (mm/day), 198 yala.

Location Area Distance : baily Supsly Rates
| fiverage 5tc. Dev, C.v.

facres)  ({1) : (ss/day! (ma/day!
Sluice 3347 0 i 8,453 1.5 0.896
+21 Tract | M 400 H 20,990 20,055 0,955
FC2 Tract | 81 9280 H 20,837 52,338 2,512
FCS Tract | 90 10210 H 10,296 10,058 0.977
FC7 Tract i b 11440 i 18,441 17.480 0,947
D1 Tract 2 00 15130 ; 11,798 12,832 1,002
02 Tract 2 178 17759 , 12,964 12,619 0,972
Dl tract 3 219 2,820 H 17,234 17,105 0,994
D1 Tract 4 bbd 24010 H 19,837 5,230 0.962
FCB Tract § 138 26460 i 1,904 2,589 1,360
FC9 Tract 3 M 27150 H 1,082 1,129 1.228
FCLY Tract 3 12 27020 1 8. 640 11,607 1,347
FCI6 Tract & 40 2637 i 3,023 12,449 2.518
FCI7 Tract & 10 26420 H 3,236 1.907 1,514
FCI8 Tract & 39 27060 : 9.268 12,384 1,336
FCI9 Tract 6 7 N2 | 13,066 19.287 1.476
FC22 Tract & 30 27910 ) 8,589 9.674 1,128
02 Tract & 474 28150 1 6,35} 054 1,166
D! Tract 7 129 1420 ) 15,042 19,989 1,003
D2 Tract 7 172 MY 1 18,175 17,289 1.:29
FC 28 2 134%¢ 1 13.857 14,954 1.079
D3 Tract 8 72 76050 ; 12,508 383 1,08
FC 24 28 37058 | 2167 24,512 1,161
Branch Channel | A 95s 9550 : 7.934 8,265 1,042
DI Tract 12 124 407300 : 15,691 14,620 0,932
Dt Branch Channel 654 40350 : 12,915 11.816 0,913
N2 Branch Channel 198 4185 : 11,515 11,231 0,975
FC7 Tract 12 18 42760 . 16,115 10,147 1,003
FC7 D2 Tract 12 438 42760 . 11,210 10,801 0.964
D2A Tract 12 202 43740 1 1.679 7,685 1,001
J28 02 Tract 12 235 43349 ' 14,522 13,198 0,909
D3 Tract 12 M 4354 1 4,92 5,099 1,036
D4 Tract 12 118 5330 ) 8.35890 8,774 1,022
DS Tract 12 2 46400 H 8.027 22,743 2,833
FCY Tract 4 S 28740 | 17,92 17.723 0.988
FC 10A Tract 4 2 74000 H 36,822 41,264 1.121
FCB Tract ¢4 3 33590 . 5,615 5.708 1.047
fiverage 12,131 14,19 1,207
5td. Dev. b, 515 9.352 0,454
C.v. 0,539 0,682 0,374
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APPENDIX C
REGRESSION ANALYSIS OF KAUDULLA SCHEME

Table 1. Regression analysis of Stage I, Kaudulla, 1986 yala.

#2ekly Average Svoply vs Distance

)
:
Regrassion Quiput: ! Raqreszion Jutouts
{onstant 15,436 ' Lonctant (TR
Std Err of ¥ ot 7.249 ' Std Erroaf ¥ Est 0,120
f Sguared 0,077 ; R Squarsg 0, C09
No. of Obcervations 20,00¢ ; No. of Osservations 20,000
Uegrees of Freedza 18,000 i Jegrees of Freecon 18,000
:
X Coefsicientis) =309 ] L Coefticrentis) 0,909
Std Err of Coef, 0, uge ; Std Err of Coet, U, 020
]
1
'
hegrescion Mogel: : Regression Model:
|
neekly Avarzge Supply = : weeirly Cceft, Jarjatian =
vLloeté, ¢ Distance + Constant J ‘X Loeff,: ¢ Jistzncs ¢ Conctant
1
This :5 a linpar acdel oniv ' Thiz is a linear sgszl anty
---------------------------------------- ! e e e e e et = -~ —
:
Sariv Coeff, Variztion vs Jiciance : dpekly Ste, Dav, of Suislv vz Distarce
,
negreesion lutput: : rearaezian Sutoute
Lonstant (WS T) ! Constant 4,738
Ste trr ot Y Est 6,237 ! Sta Srroof v fzt 1e0id
k Seuarac D)) ' F Sauarec 0, 95
No. of Ohservatisas 20,080 ; Mo, of Tussrvetiics 20,00
Secrees of Fresgns 3,000 i earses ¢f “regoce 19,094
1 Coefficientyss 0 ! § Cogfficiznt s pUPRENE
otd Err opé Ires, PR : 33 Eer oof Doad, s
]
Renression Hodel: ; fegression Mocal:
]
Darly Coefé, WYariaticn = i Weebly 3tarcara Dev. of Supalv
(% Coeff.) v Diztance + Constant : (4 Coeff.r ¢ Diztanca + Zoaetant
H
This 15 a linesr acdzi only ' This 1 a linear aodes onlv
........................................ ; e o e o e e e e o e e e e i e e e 0 e o
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Table 2.

deekly Aver

Regression analysis of Stage II, Kaudulla, 198 yala.

2 Iuooiy ve fistance

azek.y Coate,

Ver1at1an vs Distance

Kegression Juiput: b
ni \).4'8

canstant 4,828 Lonsta

Std trr of ¥ fet b. 3N Sid Err of ¥ fot ¢, 268
i Scuared 0,018 § Scuarsl Q0,094
Ho. of Observaticns 27,000 N, ot Ghservaticns 37,604
Deqrees or Freeson 28,000 Jegress of Frzzdor 35,000

1 La=fr‘c1 fiie =10, 000 X Leedéitient o -G,
g Err of Coef, 2,000 ' Std £r- 3f loar. ¢, 00y
i
!
|
Regrescian Mocels : negressian Mooeis
i
weEkly Average Supnly = ' aeauly Coerd, variation =
(X Ccetf,} + Listance + Lcastant : ‘4 Coetf.i + Distance + lonstent
'
]
1
'

Jaily foetd,

Constant

atg Erroof ¥ I3t
R Squsred

WD, o1 Lhservatio
Deqrees of Frze d

1 Coefficasntis:

variztyon ve CLstance
Resressien Jutout:

1,231
3482
0,061
ST
MG

=i, 00

0060

3td Err cf Zoef,
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WATER DELIVERY MEASUREMENT SITES FOR KAUDULLA SCHEME, 1986 YALA

APPENDIX D

Site
Nuaber

- -

~O O~ O h ey

Fluse
Numbers

@~ O LA o e e

-o

10
1
16
(174:9)
18
2
21
2
23
25
26
27
{29A+24D)
30
31
15
36
37
2
M
7]
45
L]
Y
(484+488)
49
50
5b
a7
58
59
50
b1
(62-631
b4
85
1]
87
58
i
n
n
74
15
76
n
8
19
80

Consand Area (acre

Site Location Rice Other
Head of field channel FC3,canal D-1 [ract 1,5tage | 11.94 -
Allotsent 310,field channel FC3,canal D-1,Tract 1, Stage | LU -
Allotment 309,field channel FC3,canal D-1,Tract 1,Stage | 2,66 -
Head of field channel FC9,canal D-1,Tract §,5tage ! 12,15 1.87
Head of field channel FCI0A canal 3-3,Tract §,5tage | 7.8 -
Head of field channel FC37,canal D-1,Tract |,Stage | 16,38 -
Head of field channel FC38,canal D-{,Tract 1,Stage | 24,865 -
Allotaent 53,f1eld channel FCI8,canal [-1,Tract 1,Stage | 2.7 -
Allotment 54 field channe) FCIE,canal D-1,Tract {,Stage | 3,06 -
Head of field channel FC3b,canal D-1,Tract 1,Stage | .78 0.18
Allotsent 28,tield channel FCl6,canal D-i,7ract 1,Stage | 3.9 0.18
Head of field channel LB),canal D-8,Tract 4,Stage | .29 -
Allotsent 149, f1eld chinnel (B!,canal -8, Tract 4,Stage | 2.06 -
Allotaent 722.f1eld channel LBS,canal D-8,Tract 4,Stage | 2.82 -
Head of field channel LB3,canal D-8,T-act 4,Stage | 9.94 -
Head of field channel LBS,canal D-6,Tract 4,Stage | 9.5 -
Allotaent 7i1,f1eld channel u85,caral D-B,Tract 4,5tage ! 2.9 -
Allotaent 712,f1eld cnannel LBS,canal 0-8,Tract 4,5tage ; 3,64 -
Head of f1ele channel LB7,canai 0-8,Tract 4,5tage | 5.88 -
Head of 41eld channel FCY,canal D-1,Tract B8,Stage ! 21,93 -
Aliotaant 1627,f1eld channel FCl,canal O-1,Tract B,5tage | 218 -
Allotaent 1633,41eld chanrel FC!,canal D-1,Tract 8,Stage | 2,03 -
Head of f1ela channel FC10,canal 0-1,7ract 8,Stage | 18,3 2.18
Keao of field channe! FCI1,canai D-1,Tract 8,Stage | 11,93 -
Head of field channei FC1&,caral D-1,7ract B,Stage | 20.89 -
Allotment 1638,¢1eld channel FCI&,canal D-1,Tract B,Stage I 2.6} -
Aliotment [639,4.3id channel FClé,canal D-1,Tract B,5tage | 1.94 -
Allotaent 7,fieid channel FCi,canal LB Main,Troct §,Stage 1! 1,43 -
Allotment 3,i1eld channel FCI,canal LB Main,Tract {,Stage 1! 3.02 -
Head of f1eld channe) FC3,canal LB Main,Tract §,5tage 11 8.5 -
Alloteent 21,f1eld channel FC3,cenal LB Main,Tract 1,Stage 11 1,92 -
Allotaent 22,tield channel FC3.canal LB Main,Tract 1,Stage |} 2,13 -
Head of field channel FC4,canel LB Main,Tract 1,Stage 11 .08 G
Head of field channe} FC7,canal LB Matn,Tract 1,Stage II b1.18 2,38
Allotsent 103,f1eid channel FC7,canal LB Main,Tract 1,Stage !1 4,91 -
Allotaent 105, f1eld chanrel FC7,canal LB Main,Tract ,Stage 11 2,98 -
Head of fiels channel FC2,canal D-1,Tract 4,Stage 1l 9,23 1.47
Allotaeat 11,f1eld¢ channel FC2,canal D-1,Tract 4,Stage 11 2.2 0.32
Allotaent 8,freid channel FC2,cana} D-1,Tract 4,Stage 1i 1.19 6,28
Head of field channel FCI,canal D-1,Tract 4,Stage i 9.28 2,13
Head of +1eid caannei FC9,canal D-1,7ract 4,Stage 11 14,07 1,07
Allotment 431,f1eld channel FC9,canal D-1,Tract 4,3tage I} 1,65 0,38
Allotaent 426,field channel FCS,canal D-1,7ract 4,Stage 11 1,45 0,55
Head of field channel FC2i,canal D-1,Tract 4,Stage {1 9.7% M
Head of field channel FCI7,canal D-1,Tract 4,Stage |1 7.49 0,869
Allotaent 403,f1eld channel FC!7,canal D-{,Tract 4,Stage 11 2,02 -
Allotaent 431, f1eld channel FCI7,canal 0-1,Tract 4,Stage I1 1,92 6.28
Head of field channel FC23,canal D-1,Track 4,Stage [1 14.82 0.8
read of fieig channel FC22,canal D-2A,Trach 12,Stage 11 19.41 3,062
Allotwent 17:,#1eld channel FC22,canal D-2,Track '1,5tage 11 2,07 .18
Allotaent 173,f1eld channel FL22,canal D-2A,Track 12,Stage 11 .39 -
Head of field charnel FC26,canal D-24,Track 12.Stage if 20.7 -
Head of field channel FC27,canal D-2A,Track 12,Stage !} 1.9 -
Allotaent 232,f1eld channel FCZ7,canal 0-24,7rack 12,5tace 11 .8 -
Allotaent 230,F1eld channel FL27,canal 0-24,Track 12,Stage !! 2,43 -
Head of tield channel FC25,canal D-2A,Track $2,5tage !l 18,54 -
Allotaent 205,f1eld channel FC25,canal D-2A,Track 12,Stage il 1.19 -
Allotment 207,f1eld chanael FC25,canal D-26,Track 12,5tage 1} 1,66 -
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APPENDIX E
RAINFALL MEASURED BY IRRIGATION DEPARTMENT AT FIVE STATIONS

Table 1. Rainfall recorded at Ambagaswewa Station, Kaudulla Scheme,

1986 yala.
Juiian Rainfal} : Julian Raintall ! Julian Rainfall
late Day (na! : Date Day (nn) ! Date Day {(5e)
108 0,0 ' 15 0.0 ' 204 0.9
10% 0,0 ; i3 0.0 H 205 0
1 0.0 H 15 0.9 : 206 0.0
1 0,0 ! 159 0.¢ ! 207 0.0
112 0.0 H 160 0.9 ; 208 0.0
13 0.0 : 161 0.0 H 209 0,6
114 0,¢ ! 167 0.0 : U0 0.0
HE 0.0 H 163 0.0 i 21 0.0
116 0.0 ! {ed 3.0 ) 12 0.0
Aprii 27 i 0.8 ! 169 0.0 ! August | 203 e
Apri] 76 118 62,0 H 166 0.0 ! 24 0.0
Aor1l 29 19 5.5 H 167 4.0 : 25 0.0
April 30 12¢ 27,0 \ 168 0.6 : 2 0.0
121 0.0 { 169 0.0 H 17 0.0
Ray 2 2 38.0 H 170 0.0 H 218 0.0
12 0.0 ! in 0.0 ! 219 0.¢
Hay 4 124 5.0 H 1 0.0 ! 220 0.0
Hay & 12 10,5 : 173 0.¢ H 2! 0.0
126 0.9 H 174 0.0 ! YN (U
127 Ny ! 175 0.0 : N 0.9
128 i H 176 0.4 i 224 o
12 wy {77 0.9 ! 5 0.0
130 0.0 ! 178 0.0 : 22 g0
i 0.0 H 175 0.0 H 7 0.0
132 0.0 ! {B0 0.0 H 228 0.0
133 0.0 : 184 0.0 ! 229 0.0
134 0.0 ! 182 0.0 H 230 0.0
M3 0.6 . 183 0.0 ! 31 0.0
136 2.0 ' 184 0.0 ! 232 0.0
137 0.0 : 185 0,0 : 232 U]
138 0.0 : 186 0.0 ! 234 [
139 0.0 : 187 0.0 : 239 0.0
140 0.0 ' 188 0,0 ! 2% 0.0
141 ¢4 ' 189 0.0 ! 237 2.0
142 0.0 i 190 0,6 H 238 G
143 0.0 1 191 0.0 ' 9 0.0
14 0.0 H 192 0.0 H 240 0,0
145 0.0 : 193 0,0 : 3 9.0
146 0.0 H 194 0.0 : 2 0.9
147 0.0 : 193 0.0 ! 13 0.¢
148 0.0 ! 196 0.0 !
149 0.9 H 197 0.¢ '
150 0.0 ! 198 0.0 i
154 ¢.0 ! 199 0.0 H
152 0.0 200 0.0
153 0.0 | 208 0,9 |
154 0.0 : 202 0.0 H
155 0.0 : 203 0.0 '




Table 2. Rainfall recorded at Diyasenapura Staticn, Kaudulla Scheme,

1986 yala.
Julian Rainfall : Julian Rainfall ' Jultan Rairtall
Date Day (an) 1 Date Day {an) H Date Day {1}
108 0.0 H 136 0.0 H 204 .0
April 19 109 25,0 H 1% 0.0 H 205 0.0
110 0.0 ; 13 0.0 ' 206 0.0
1 0.0 : K 0.0 ! 207 4.0
12 0.0 ' 160 0.9 i 208 0.0
fpr1l 23 113 1.0 : 181 0.0 H 209 0,0
i 0.0 H 162 0.0 ) 210 3.0
April 25 He 1.0 ' 163 0.0 : A 0,6
fpril 26 o 2.0 H 164 0.0 ! July 3 N2 1.¢
Rprii 27 117 1.0 : 165 0.0 Y August | 23 ]
fpril 28 118 5.0 : LY 0,0 ! i 8
fpril 29 19 1.0 H 167 0.0 H 215 0.C
Aprii 3 120 1.0 : 168 0.0 : 246 6,0
121 0.0 : 169 0.0 1 U7 0,0
May 2 122 .1 i i 0.0 ! Ue GG
123 0.0 : N 0.0 ; 219 0.9
May 4 12 2.0 : 1 0 : 220 30
My § 125 5.0 H 173 0.0 ' August 9 223 1.0
126 0.0 H 174 0.0 H 2 £
127 0.0 : 175 0.0 i 23 G0
128 0.0 ! 176 0.0 H 224 0.9
12 0,0 : \n 0.9 H 225 0,0
130 0.0 : 178 0,0 : 22 0,0
13 0.0 i 179 0.0 H 27 [
13 0.0 i 180 0.0 : 228 40
133 0.0 H 181 0.9 : 29 0.0
13 0.9 H 182 0,0 : 230 o
138 0.0 ! 183 0.6 ; YA Gad
136 0.0 : 184 0.0 H 222 0.9
n 0.0 : 185 0.0 ! P 0,0
13 0.0 H 186 (UN] , 204 0.0
139 0.9 H 187 0.0 ! o 0,¢
140 0.0 ! 188 0.0 : Fid3 AN(
141 0.0 : 189 0.0 ! IM 0.0
142 0.0 ! 190 3.0 H A 0.0
143 0,0 | 191 0.0 H 239 0,0
144 6.0 ! July i 192 2.0 | pLh] 0.0
1439 0.0 i 193 3.0 : rL]! 0.
148 0.0 : 194 0.0 ! 242 0,2
147 0.9 | 195 0.0 H i3 0.0
{48 0.0 H 196 0.0 H
149 0.0 ' 197 ¢.0 H
150 0.0 1 198 0.0 :
151 0.0 H 199 0.0 |
June | 152 42,0 ; 200 0.0 :
June 2 153 15,1 : 201 0.0 !
154 0.0 ! 202 0,90 H
b 0.0 H 202 0.0 i

180



Table 3. Rainfall recorded at Fourth Mile Camp Station, Kaudulla
Scheme, 1986 yala.

Julian Rainfall ! Julian Rainfall } Julian Rainfall
Date Lay (a4} H Date Day (a8} : Date Day (ne}
108 0.0 H 156 0.9 ; 204 0.0
fpril 19 109 32,0 { 157 0.9 ! 205 6.0
10 0.0 i 1S 0.0 H 206 0.0
11 .0 1 1< 0.0 ! 207 0,0
112 0.0 : 160 0.0 ! 208 6.0
13 0.0 H 161 0.0 H 209 0.6
L 0.0 : 162 0.0 : 210 2.0
fpril 25 1S bb. 4 { 163 0.0 ! P8 0.0
1 0.0 ! 164 0.0 Vo duly i 212 I
1 0.0 H 165 0.0 1 23 0,0
April 28 118 18.0 i 166 0.0 H 214 0.0
19 0.0 i 167 0.0 : 245 0,0
April 30 120 12,0 ! 158 0.0 ' 216 0.0
121 0.9 : 169 0.0 H 217 0.0
Hay 2 122 18.2 ; 170 0.0 : 218 6.0
123 0.0 H I 0.0 H 219 0.¢
May 4 124 1] : 112 0.0 ! 720 4.0
May 5 125 13 : 13 0.0 : 221 0.9
126 0.0 H 174 0.0 ; 222 (N
127 0.0 ; 175 0.9 ! pM 0.9
128 0.0 ! 176 0.¢ : 22U 4.0
129 0.0 H m .0 H 2 0.0
128 0.0 H 178 0.0 H 226 09
131 0.0 : 179 0.0 : 2 g0
32 0.0 : 180 0.0 : 2 0.9
133 0.0 : 181 0.8 H 229 6.0
134 0.0 H 182 0.0 : 20 &3
38 0.0 : 183 0.0 ! M 0.0
136 0.0 : 184 0.0 t 212 0,0
137 0.0 : 185 0.9 ! 233 [0
138 0.0 H 18b 0.6 H 224 0.6
139 0.0 ! 187 0.0 v August 23 2% 9.9
140 0.0 : 188 0.0 : 236 0.0
141 0.0 H 189 ¢.0 ' 237 0.0
142 0.0 ! 190 .9 H 218 0.0
143 0.0 v July B0 194 8.4 : 239 0.0
144 0.0 H 192 0.0 : 24 0.0
145 0.0 : 193 0.0 ' 4 G, 0
146 2.0 H 194 0.0 ' w2 0.8
Ity 0.0 ! 195 ¢ H LS 0,
148 0.0 : 196 0.0 :
149 3.0 H 197 0.0 !
150 0.0 H 198 0.0 :
151 0.0 H 199 0.0 H
June | 152 38,6 ' 200 0.0 :
133 0.0 H 201 0.0 !
154 0.0 H 202 0.0 i
155 0.9 H 203 0.0 :
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Table 4. Rainfall recorded at Headworks Station, Kaudulla Scheme,

1986 yala.
Julian Rainfall } Julian Rainfall : Julian Rainfa!l
Date Day ({1}] i Date Day {ua) i Date Day {on)
fpril 18 108 0.6 1 156 0.0 : 204 ¢,
fpril 19 109 15,0 ! 157 0.0 ! 205 0.4
110 0.0 i 15 0.0 ; 206 2.0
11 0.9 H {5 G.9 : 207 0.0
112 0.0 H 160 0.0 H 208 0.0
13 0.0 : 161 0.0 H 109 0.¢
114 0.0 : 162 0.0 , 210 0.9
foril 25 1135 1.5 H [63 0.0 1 n 0.0
April 2 116 5.9 1 164 0.0 ! July 3 212 8.2
17 0.0 : 165 0.0 Vo August | U3 I
fpril 8 i18 1.0 i 166 0.0 H N 0.0
Rpril 29 19 1.6 } 167 0.0 ! 25 6,0
April 30 120 0.3 : 168 0,9 : 216 ¢.0
12} 0.0 : 189 0.0 ! m G
May 2 12 7.2 : 17¢ 0.0 ! 218 0.0
123 0.0 4 m 0.0 ! 219 0.0
Kay 4 124 7.1 ; mn 0.0 ! 20 9.0
Kay § 125 1.6 H 173 9.¢ v August 9 22! 0.%
126 0,0 ! 174 0.0 ! 222 G0
127 0.0 : 175 0.0 ; 22 (A Q
178 0.0 . 178 0.0 : 21 ¢.0
129 0.0 ' 177 0.9 H 225 0.0
13 0.0 H 178 0.9 : 22 0.¢
131 0.9 ' 19 0.0 H by RN
132 0.0 : 180 0.0 | P 0.0
133 0.0 : 184 3.0 ! 29 6.0
13 0.0 : 182 0.0 H 230 0.0
139 0.0 H 183 0.0 . 23 &0
136 0.0 H 184 0.0 : 23 3¢
137 0.0 H 185 0.0 ! PAN 0.1
138 0.0 H 186 0.0 : 234 0.)
139 0.0 ! 187 0,0 : AR (1
140 0.9 : 188 0.0 : August 24 238 12,5
141 0.0 H 189 0.0 1 fugust 25 23 bod
142 0.0 : 190 0.0 : 38 &G
143 0.0 Vo duly 10 191 19,0 i M 0.9
144 0.0 ' 192 0.0 : 240 Ry
145 0.0 ; 193 0.0 | 1) 0.0
146 0.9 ' 194 0.9 ! 242 A
147 0.0 1 195 0.0 : PN 0.9
i48 0.0 H 196 0.0 1
149 0.0 H 197 0.0 !
Hay 30 150 358 H 198 RV :
134 2.0 ! 195 0.0 :
June | 132 54,7 : 200 0.0 :
June 2 193 10,1 ; 201 0.0 1
154 0.0 : 202 0.0 H
55 0.0 ! 203 0.0 '
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Table 5. Rainfall recorded at Low Level Sluice Station, Kaudulla
Scheme, 1986 yala.

Julian Rainfall H Julian Rainfall i Julian Rainfall
Date fay {as) H Date Day (aa) H Date Day (sa)
108 0.0 : 156 0.0 H 204 0.0
109 0.0 ' 157 0.0 : 205 0.0
110 0.0 ; 18 ¢.0 1 206 0.0
111 0,9 , 159 0.0 1 207 0.0
112 0.0 H 160 0.0 ; 208 0.0
13 0.0 ! 164 0.0 : 209 0.0
114 0.0 ; 162 0.0 ' 210 0.0
115 0.0 : 163 0.0 H 13} 0.0
116 0.0 H 164 0.9 : M2 0.0
17 0.0 H 165 0.9 H August | U3 1.5
118 0.0 , 166 0.0 . 24 0.0
119 0.0 1 167 0.0 : 2% 6.0
12 0.0 ' 168 0.0 : 26 0.9
121 0,0 H 149 0.0 H M 0.0
May 2 122 12,1 1 1 0.0 : 218 0.0
123 09 H m 0.0 H 219 0.0
Hay 4 124 is ! 172 0.0 . 220 .0
May 5 125 1.6 H 173 0.0 1 August 9 221 e
12¢ 0.0 ' 17 0.0 ; 222 0.9
127 0.0 : 175 0.0 H 3 0.0
128 0.0 ! 176 0.0 ; a2 ¢.0
129 0.0 H 17 3D ; 225 0.0
130 0.6 ' |78 ¢.0 : 28 0.¢
13 0.9 : {7 0.0 : 27 0.9
132 0.0 ; 180 ¢.0 : ' 0,0
13 0.0 H 18} 6.0 H 729 0.0
134 0.0 ! 162 0.0 : %0 0.¢
135 0.0 : 182 0.0 : 31 2.0
136 0.0 : 184 0,0 H 232 0.8
137 0.9 : 185 0.0 ; 3. 0.0
138 0.0 : 184 0.0 ! 214 4.0
139 0.0 ! 187 0.0 v August 23 235 45
140 0.0 : 188 0.0 ! 236 0.0
141 0.0 ! 189 9.0 : 7 0.0
142 0.6 ! 190 0.0 ! 218 S0
143 0.0 v July 10 191 9.5 : 29 0.0
144 0.0 H 192 0.0 : pLR} 0.0
145 0.0 : 193 0.0 : Ui G.G
146 0.0 H 194 0.0 H 242 0.9
147 0.0 H 195 0.9 ; U .0
148 0.0 ' 194 0.0 1
149 0.0 H 197 0.0 :
Nay 30 150 10,5 : 198 0.0 H
15 0.0 ! 199 0.0 H
June | 152 36,0 H 200 0.0 ;
Jure 2 153 14,2 H 201 0.0 H
134 0.0 H 202 0.0 |
15 0.0 : 203 0.0 :
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APPENDIX F

SOIL PROFILE DESCRIFTIONS, SOIL LEGEND, AND
ENGINEERING AND SO1L SURVEY MAPS OF SELECTED FIELDS
IN KAUDULLA SCHEME, 19856 YALA

Soil Profile Description of
Reddish-Brown Earth, Well-Drained Soil

Study Sifte: Kaudulla, Stage II, tract 5, iield charnel 2, I.M.D. Pit
1; 6/11/86; S.V. Siriwardena. Site was a gently
undulating, well-drained home garden with 2-3 percent
slope.

Soil Profile:

Ap  0-10 cn:i. Dark brown (7.5YR 4/4); moist, 1ight sandy clay loam;
weak, subangular, blocky; very slightly plastic wet, friable
moist; few fine quartz gravel, few manganese stains; common fine
and few medium tubu*ar inped pores; common fine and few medium
roots; clear, sirooth change.

Bl 10-40 <m. Strong hcown (7.5YR 5/6); moist, sandy clay loam; weak,
subangular, blocky; slightly sticky and slightly plastic wet,
friable moist; few fine quartz gravel, few manganeses stains;
common fine, few medium tubular inped pores; common fine and few
medium roots; few fine mica and feldspar; very thin patchy clay
skins; clear, smooth change.

B2tl 40-55 cm. Reddish-brown (5YR 4/4); moist, gravely candy clay
loam; structureless massive; slightly sticky and non-plastic wet,
friable moist; common fine and few medium quartz gravel (30-40
percent); occasional quartz pebbles; few manganese concretions;
few fine tubular inped pores; common fine and few medium roots;
common fine mica and feldspar; thin patchy clay skins; gradual,
smooth change.

B2t2 55-100 cm. Reddish~brown (2.5YR 4/4): moist, gravely sandy clay
loam; structureless massive; slightly sticky and non-plastic wet,
friable moist; common fine und few medium quartz gravel (about
30-40 percent); occasfonai quartz pebbles; few manganese concre-
tions; few fine tubular inped pores; common fine and few medium
roots; conmon fine mica and feldspar; thin patchy clay skins;
clear, smooth change.
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100-120 cm. Red (2.5YR 4/8); moist, sandy clay loam; weak,
medium, subangular, blocky; slightly sticky and plastic wet, few
fine quartz gravel; few manganese concretions; few fine tubular
inped pores; common fine and few medium roots; common fine
f2ldspar and mica; clear, smooth change.

120-130 cm. Decomposing parent material mixed with many fine mica
and feldspar.

130+ cm. Bedrock.

Soil Profile Description of
Reddish-Brown Earth, Imperfectly Drained Sofl

Study Site: Giritale, Purana Ela, Pit 3; 21/10/85; S.V. Siriwardena.

Site was nearly level with 0~0.5 percent slope, tobacco.

Soi]l Profile:

Ap

Bl

B2

0-30 cm. Dark greyish-brown (1OYR 4/2); moist, sandy clay loam;
weak, medfum, subangular, blocky; slightly sticky and slightly
plastic; wet, friable, moist faint mottles; common fine and few
medium roots; ccimmon fine and a few medium tubular inped pores;
few manganese concretions, few quartz gravel; faunal activity;
clear, smooth boundary,

30-75 cm. Dark brown (10YR 4/3); moist, sandy clay loam;
moderate, medium, subangular, blecky; s1ightly sticky and slightly
plastic wet, friable mofst; common, medium distinct, yellowish-red
(5YR 4/6) mottles; ccmmon fine and few medium roots; few fine
tubular inped pores; many manganese concretions; few fine quartz
gravel; occasfonal quartz pebbles; common fine feldspar; faunal
activity; ciear, smooth change.

15-120 cm. Greyish~brown (10YR 5/2); moist, sandy clay loam;
moderate, medfum, subangular, blocky; slightly sticky and slightly
plastic wet, friable moist; common, medium distinct, strong brown
(7.5YR 5/6) mottles; common fine and occasional medium roots;
common mznganese concretions (10-20 percent); fine and medium
quartz gravel; occasional quartz pebbles; common iron stone
gravel; common fine feldspar; faunal activity; clear, smooth
change.

120-175 cm. Dark grey (5YR 4/1); moist clay; structureless
massive; very sticky and plastic wet, firm moist; common, medium
distinct, yellowish-brown (10YR 5/6) mottles; common manganese
concretions, fine quartz gravel; thin patchy cutans; gleyed
horizon; few carbonate concretions. ‘
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Soil Profile Description of
Low Humic Gley, Poorly Drained Sof1l

Study Site: Giritale, Purana Ela, Pit 2; 21/10/85; S.V. Siriwardena.

Soi]

Site was nearly level, 0-0.5 percent slope, paddy.

Profile:

Ap

Bl

B21t

B22t

B3

0-20 cm. Very dark greyish-brown (2.5Y 3/2); moist sandy clay
loam; weak, medium, subangular, blocky; sl1ightly sticky and
slightly plastic wet, friable moist; common fine and few medium
tubular inped pores; faint mottles; few fine quartz gravel; faunal
activity; clear, smooth change.

20-24 cm, Dark greyish-brown (2.5Y 4/2); moist, sandy clay;
moderate, subangular, blocky; slightly sticky and slightly plastic
wet, friable moist; common fine roots; common fine and few medium
tubular inped pores; common, fine, distinct, strong brown (7.5YR
5/6) mottles; few fine quartz gravel; few manganese concretions;
faunal activity; clear, smooth change.

40-70 cm. Olive grey (5Y 4/2); moist, sandy clay; medium, sub-

angular, blocky; sticky and plastic wet, friable moist; few fine
roots; common fine tubular inpad pores; common, medium distinct,
yellowish (10YR 5/8); few fine quartz; common manganese concre-

tions and nodulws; faunal activity; gradual, smooth change.

70-100 cm., Dark grey (5Y 4/1); moist, sandy clay; moderate,
medium, subangular blocky; sticky and plastic wet, friable moist;
few fine roots; few fine tubular inped pores; common fine distinct
yellowish-brown (10YR 5/6) mottles; few manganese concretions;
fine quartz gravel; few carbonate concretions; faunal activity;
thin patchy cutans; gradual, smooth change.

100-150 cm. Grey (5Y 5/1); moist clay; structureless massive;
very sticky and very plastic wet, firm moist; few, fine, distinct,
strong brown (7.5Y 5/6) mottles; common carbonate concretions;
slicken sides; gleyed horizon.
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Legend for Engineering and Soil Survey Maps

Physiographic Unit
Major Subunit Soi1] Description

Undulating Crest and
piain convex
upper slope

Convex
upper
slope

Mid-slope
to concave
lower slope

Valley bot- Concave lower
tom of undu- slope and de-
lating plain pression

Depression

Alluvial Depression
plain and flat

1.

Reddish-brown earth; well-drained soil.
Shallow to deep, brown to dark brown
sandy loam to sandy clay loam surface
sol]l with red to dark reddish-brown
sandy clay loam to sandy clay subsoil
containing quartz (dominant) and felds-
phatic gravel and fine mica underlain
by reddish or yellowish decomposing
material.,

Reddish~brown earth; moderately well-
drained soil. Description same as
above.

Reddish-brown earth; imperfectly
drained soil. Moderately shallow to
deep, brown to dark brown sandy loam
to sandy clay loam surface soil with
yellowish~red to dark yellowish-brown
sandy clay loam to sandy clay; mottled
subsoil occasfonally with quartz and
feldsphatic gravel.

Low humic gley; poorly drained soil.
Deep, brown to gray sandy loam to
sandy clay loam surface soil with
grayish or bluish sandy clay loam to
clay; gleyed subsoil containing car-
bonate concretion occasionally.

. Low humic gley; very poorly drained

soil., Deep, grayish or bluish sandy
clay loam to clay; gleyed soil.

Alluvial, pccrly drained soil. Deep,
dark grayish-brown to gray sandy clay
loam to clay; gleyed soil.

< 60 om
60 - 90 cm
90 - 120 cm
> 120 cm

Mapping Units

s (shallow)
ms (moderately shallow)
md (moderately deep)

d (deep)

g (gravel layer)
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 yala.

F-2(c T 4} F3(L T 100)

KAUDULLA SCHEME
STAGE |, TRACT I, F-C-3

LESEND

PADDY
ALLOT NO| PADDY TOTAL
309 2:66 2-66
310 3-21 3-21
311 3-92 3-92
31z 2183 2-18%

11-94 Acs-
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Engineering and Soil

Survey Map, Kaudulla Scheme, 1986 yala.

LESKEND
PADDY
, / / OTHERS
ROAD
-ate-T-83"y

N
{(298) —_—
ALLOT MO PADDY OTHER TOTAL
296 2 34 0-82 316
296 3 21 - 3 21
297 3 48 - 3-48
298 312 1-01 413
TOTAL 13-98 Acs:
KAUDULLA SCHEME
STAGE |, TRACT |, F-C-9




061

Engineering and Soil Survey Map, Kaudulla Scheme, 1986 yala.

LESEND

NN

KAUDULLA SCHEME
. F-c 36

STAGE I, TRACT |

rFioic T 8"

P 1I{L T-t80})

F I2(L-T 180)

ALLOT NO PADDY | OTHER TOTAL
PADDY 27 3:76 - 3-76
28 3-99 o-is 417
OTHERS TOTAL T-93 Acs
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Engineering and Soil Survey Man, Kaudulla Scheme | 1986 yala.

Foric-T 8" ALLOT MO PABDOY | TOTAL
52 321 321
53 665 €65
F-C-38 54 9 43 9 44
55 270 270
886 275 278

TOTAL 24 T8 Ace

':\- (L T-180) \

~

I PADDY

LEeanD

KAUDULLA SCHEME
STAGE I, TRACT |, F-C-38
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 vala.

KAUDULLA SCHEME
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TOTAL 7-8 Acs:
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 yala.

ALLOT Nneo PADDY TOTAL
59 3 46 3 48
60 3-34 3.34
A 61 3 44 3 44
Foeic-T 2%
62 2 64 264
ROAD
63 3-48 3-48
F-C- 37
TOTAL 1€-36 Acs

KAUDULLA SCHEME

STAGE I, TRACT I, F-C-37

(6 3)

LESEND

L___ PADDY
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 vala.

KAUDULLA SCHEME
STAGE |, TRACT 4, | -B- |

MAIN CHL

ALLOT NO PADDY | .TOTAL
L4 208 2:08
T2 239 2:39
722 282 2-82
T7-29 Acs

PADDY

H.-GH LAND
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 vala.

r

KAUDULLA SCHEME

STAGE |, TRACT 4 , — L-B-3

F- 20(C T e}

PADDY TOTAL
716 4-3¢ 436
LESEND 717 2-3¢ 236
718 3-22 3-22
PADDY
TOTAL ® 94 Ac:
L]
a » HIGH LAND
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 vala

7 23lL T 100)

F-22(L 7100}

Dr CHL"
F 34(L T 100)

ALLOT NO- PADDY TOTAL
710 303 3-03
D CHL  —f 7 2:90 2:90
Ti2 3-64 3-64
TOTAL 9-87 a--

S e

KAUDULLA SCHEME

STAGE |, TRACT 4, L-B- 5
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Enaineering and Soil Survey Map, Kaudulla Scheme, 1986 yala.
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ROAD
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Engineering ard Soil Survey Map, Kaudulla Scheme, 1986 yala.
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Engineering and Soil Survey Map, Kaudulla Scheme, 1986 yala.

ROAD
MAIN CHL
L]
‘2 F o 33(c T &)
Al P o2e(c T-aY)

/ F 371c T a8 F-C-18
1
(]

t1638) /

el

B euee/ /, \ .
/(IG‘!O) Tjuu) y_niq\) {ie43)
I l__ . loean
F-cr
ALLOTYT mo| raboVY | TOTAL
1638 2-81 2 ¢
1639 1-91 1-91
1640 Y 194
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16453 297 217
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1647 3-44 344
TOTAL 20-99 Acs KAUDULLA

(1645)

LEGEND

PADDY
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Engineering and Soil Survey Map. Kaudulla Scheme, 1986 vaia.

A}

12000} \

KAUDULLA SCHEME
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APPENDIX G

VARIETAL IDENTIFICATION, PLANTING METHOD, SAMPLE YIELDS
(CORRECTED FOR SEED MOISTURE CONTENT), GRAIN YIELDS, AND STANDARD
DEVIATION FOR THE KAUDULLA STUDY AREA (1986 YALA)

FC Loc, & Short ve TF vs Saaple Grain Weight (g/n2) Yield £t
Allot, No  Ling gL | 2 3 4 N

Stage I, Tract |

3¢9 ! 2 390,06 395,00 290,30 4BS.s0 426,50 723 32
310a ] 145,90 Sel A0 474,900 351,300 254,99 88,1 16,2
310k | 705060 SIU1S 570,700 W4.90 459,30 14,0 19,2
Ila { 2
3t 2 2
Jic ! 20 285,05 S1L.2¢ 253,10 457.¢5  540.99 7T 28,3

312 2 C8A0D SGALAC 40800 593,70 SSLL10 13,8 .3

33 ! I 297,50 S08.50  407.7¢ 80,20 44s.10 8Lt 26,0
&4 | I 586,30 531,80 562,30 z49.25  732.c8 T 15,9
189 12 2 494,09 512,70 575.50  432.89 S5B. 40 97.7 7.4
33 | 2

54 ! 110426,00 437,70 425100 843.30 <% hC 51.9 7.5
&7 | SOOAT2A0 199000 32585 ITLLI0 ITIa 49,0 4,4
2 i 12 222,00 3Lb.e5 379070 Ten00 295,00 °2.4 12,4
28: i 0324005 20070 k410 240,80 C8nLIn 17,9 s
28b ! 2

29 ! 233,100 933.90 252,90 R4 TO 0 LATLO0 73.2 FURE]
30 ! 2039610 E02.7% 522,50 02,700 338,09 74,1 2l

3la 1 20 34T RSO0 162,50 579070 ISM.05 1ot .3

I1b | VooS30BY 529,000 474300 a1 I 8147 1000 (2.3

e | V873,300 474050 8I%.10 3ET.RD I77.:0 2ad 20,8

32 | 20 892,010 ATZ90 SeOLL0 £AS,0 i4A. 00 1322 19.5
3 12 S 464,300 SIS01Y 500 37880 417.90 £3.9 3.2
52 | 20 00,20 S42,40 0 710400 178.3¢ 477,09 93,7 23

Stage I, Tract 4

470 Z AN IER.200 3MBLEL TLS 12840 N7 1.0
87t 12 2 3TL90 446,00 TSS.40 0 291L8D L4610 70,9 A
472 12 12 347,60 40390 3400 I79.10 278,70 R .2
702 12 SN0 SFeN0 182,200 26770 1R, TR NP 6.2
703a 2 20 199,90 38310 TG 120,00 325,20 Z5.8 H.b
7030 1 2

149 ! 20 290,70 AI7.60 489,30 40395 453.50 13,8 3.2
T21a ! !
121b ! L7800 75,28 89,90 3850 A4 10 12,3 3.7
722 12 332,200 303,40 64,70 220.10 2534 5.4 17.4
710 12 i2

714 12 12 660,20 580.80 SB.10 43230 374,19 95.3 22
712 12 12 4BL.9S  I74.83 529,10 521,75 4B7.00 84,5 19.4
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Appendix G (continued)

FC Lac, ¥ Shart vs TP s Saaple Grain Weight (g/n2) Yield 5D
Allot, No  Lerg BC ] 2 3 4 3 bu/ac  hbulac

Stage I, Tract 8

1627a 1 2 30 383 269 202 4 39.1 7
1627h | 1 548 420 448 338 314 84.9 18.2
1628 | 2 483 318 242 249 3 4.3 26,2
1629 1 2
1630a ! 2 174 145 304 381 378 1.7 19,3
1530b 1 2
1630¢c ! 2
142 ! 2
1632 12 2
1533 | 2 3% 289 487 338 315 54,5 15,1
1534 1 z 128 383 383 145 372 240 24,5
1433 ! 2
1634 12 2
1837 | 2
1638 ! 2
1639a | 2
153% ! 2 55 275 2 130 178 9.4 10.9
1540 ! 2 448 461 28! 17 541 £9.2 32,1
1694 1 2 123 40% <24 449 604 102.3 2.9
18952 1 2 389 M 109 508 483 76,3 3.7
16935 1 2
1694 ! 2 427 239 360 393 3 84,2 12,4
1897 ! 2 o 282 381 405 584 72.5 .7
1598 ! 2 345 404 273 369 01 63,1 07
1589 ! 2 197 200 214 31S 158 40.3 10,4
1738 1 2 30 242 151 244 w2 42,3 0.8
1739 | N
1740 ! 2
17412 ! 2
1741h 1 2
1742 2 |
1743 ! 2
1744 12 2 597 536 35¢ 06 544 1928 7.2
17453 i 2
1745b ! 2
1748 { 2 588 493 Toh b2t 465 1.9 1.3
1747 { 2 394 191 183 210 28 43,39 15,3
Stage il, Tract |
| 2 | 207 1533 424 nal FA ] 207
2 ! | 238 in 42 ERL 258 98.2 27,5
3 ! | 289 a7 318 282 454 85,2 16,3
i { 1 283 303 180 278 26 34,0 2.9
Ja 2 | 288 337 393 423 329 51,8 2.5
3b 2 1
] ! 2 214 172 344 338 517 £0.2 5.4
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Appendix G (continued)

FC Lac, & Shart ve TP vs Sanple Grain Weight (g/a2) Yield STD
Allat. No  Lung iC ! 2 3 4 ] bu/ac  bufac
7 | 1 i74 322 233 300 154 52.3 18,2
8 12 12 315 404 327 393 37 5.0 1.1
9 12 2 147 372 474 98 342 50.8 257
10 ! 2 AN 326 483 577 £2¢ 94,5 14,3
i1 ! 2 <83 252 489 YN 327 70,5 27.5
2 t 2 425 1L 491 13 39 45,2 32.9
13 ! 2 474 2N 309 oo 117 52,1 9.3
14 12 412 30 343 280 492 87.9 181
13 2 AL D N 78 44 402 57,4 0.7
19 2 { 749 493 484 383 84 192 32.7
2 2 2 187 3530 294 52 424 82,6 3.9
2 12 2 42! 331 289 438 mn %3 16,4
22 i 2 529 290 477 441 34k 8.8 18.7
39 1 2 i3b 284 289 314 22 57,5 13,7
Stage 11, Tract 4 & §
8 ! 2 539 423 584 293 315 2.2 27.3
5a 1 2
9 { 2 535 442 43 382 §9 B4.7 10,8
10a 1 2
10 1 2
{0c ! ! 279 192 320 424 2 33.2 16,8
i | 2 815 983 5§77 09 493 1923 4,7
12 1 2 394 363 532 799 827 1034 19.5
3 ! 2 304 40! 9 330 133 T8 23.9
401 ! 2 159 159 141 123 {9 26,7 5.2
402 ! 2 589 439 484 346 749 50,5 (53
403a ! 2
103h ! 2 439 278 253 3N 292 83.1 1.3
404a ! 2 S04 567 594 440 182 75.7 8.9
404b ! 2 621 324 374 451 361 80.9 2.3
404c ! 2 489 594 392 315 382 78,3 2.8
405a 2 2 328 230 330 149 154 34,1 3.8
133h t 2
4263 1 Z 459 131 344 iE8 319 CLI 25,0
428b 1 2 163 30y 113 a9 &7 29,5 16,7
4273 2 2
4274 ! 2 343 201 390 12 378 8.2 28,2
428 t 2
42y ! 2 432 488 433 305 437 g85.9 5.4
430 1 12 598 467 448 158 310 82.4 18,2
431a 1 2
431h ! 2 313 449 394 339 434 9.2 12.8
432 2 2 442 310 32 312 172 §7.3 17.4
433 | | 248 333 313 283 27 33.3 5.2
360 294 2zl 23! 343 4.5 10,3
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Appendix G (continued)

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

FC Loc. & Short vs TP vs Sample Grain Weight {g/e2) Yield 87D
Allot. No  Leng BC { 2 3 4 5 dusac  hu/ac

Stage II, Tract 12

159 t 2 393 414 423 4€5 253 76,4 20,0
170 I ? MU 445 355 556 313 83.2 20,8
171 ! 2
172 12 2 i 322 209 " 4Bn 66.3 333
173 | 2
174 l 2
175s ! 2 41§ 546 529 i3 A2 119 .6
1783 1 2 233 397 b2 79 239 St 1.9
176 1 z 341 448 42! ol4 &2 91,7 9.1
n l 12 128 252 241 22 32 48,7 13.9
178 i !
204 1 2 309 384 361 291 i73 35.8 1.1
205 1 2 278 18 159 167 273 39.6 12,
206 1 2
207a | 2
207b 1 2 48 143 158 125 7 21,3 8.9
208 1 2 215 185 142 378 218 41,2 17.0
209 1 ] 26 414 2 331 KD 58.7 7.3
210 2 i
1 ! 2 423 419 344 334 372 69.7 7.6
212 ! 2 429 93 219 257 226 48,8 22.4
213 ? I 23 74 87 137 141 17.0 8.8
2273 l 2
227b ! ! 252 201 206 334 348 36,7 z3.b
229 ! !
2293 1 2
225h 1 1 403 499 462 457 391 81.3 8.2
230 1 ! 293 282 312 414 408 4.4 12,6
231 | 2 MY 293 98 379 296 32.9 20.8
232 1 12 b6 518 300 27 274 32,7 9.5
2333 l 2 500 325 325 989 684 9.6 234
233b ! 2
233 ! z M 148 367 MY 34 74,9 1.0

T e o e e e e e e e e e e e e e e e e e e e e e et e e om0 000 om0 e e e e e om0 o e e e e e
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APPENDIX H

LIST OF FIELD INVESTIGATORS INVOLVED IN THE
1986 DIAGNOSTIC ANALYSIS OF KAUDULLA SCHEME

Agronomy
Field Supervisor: R.K.P.A. Wickramasooriya
Fl1eld Investigators: Tissa Jayasinghe
Charitha Eragoda
K.G. Sugathapala
D.A. Kuruppu
P.M. Asoke Silva
B.M.V.S. Basnayake
Kulavansa Bandaranaynke
Economics W.M. Jenadassa
W.M. Pemasiri
G.H. Gunatilaka
S.H. Mervyn
Sociology R.R.M.J. Rathnasiri
H.M. Dhanapala
Women In Development Field investigators
from economics and sociology
(above)
On-Farm Engineering
Field Supervisor: M.S.R.K. Marasingha
Field Channel Surveys A.M.¥W. Attanayaka
and Site Supervisors: B. Jayasooriya

H.M.R., Herath

v 1ume Readers: Kelum Mallawaarachi
Palitha Weragoda
Ranjith Dharmawardana
Valentine Wickramasingha
A.G. Amarapala
Sunil Shantha Bandara

Main System Engineering Technical assistants! names
not provided.
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APPENDIX I

GLOSSARY
1. ABBREVIATIONS
ac acre
bu bushel
cfs cubic feet per second; cusec
cm centimeter
cv coefficient of variation
ET evapotranspiration
ETo reference evapotranspiration
FAO Food and Agriculture Organization
FC field channel
ft feet
GCE General Certificate of Education
ha hectare
hr hour
HYV high yielding variety
IMD Irrigation Management Division
in inch
ISM Irrigation Systems Management Project
K potassium
kg kilogram
km kilometer

KVS agricultural field extension officer
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LB
LHG
L/s
1b
mb
M.LD

mm

NA

0&M

PSS

RBE
RDS
Rs.
RWS
TOM
™
USAID
Vi
WID
WMS

WUE

left bank of a channel

low humic gley; soil classification
liters per second

pound

millibar

Ministry of Lands and Land Development
mi1limeter

meter, cubic meter

nitrogen

not applicable

operation and maintenance

phosphorus

Parakrama Samudra Scheme

right bank of a channel

red-brown earth; soil classification
Rural Development Society

rupees

relative water supply

top dressing mixture

trademark

United States Agency for International Development
mixture of fertilizer

women 1n development

Water Management Synthesis Project

water use efficiency
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2, TERMS

ande

attam
boutique

D-channel

ela niyojitha

Kachcheri

kanna

Kantha Samithi

kulla
kurrakan
11yadda
maha

poru ela

purana

Sarabumi

Sarvodaya

shramadana

val vidane

wee porunduwa

yala

a form of sharecropping, with payment in cash or crop
and which can be extended indefinitely

exchange labor

small neighborhood tea shop with sundries for sale
distributary channel

field channel representative

District government agent's of fice

precultivation

women's division of the Rural Development Society
tool used for winnowing

finger millet

small, bunded portion of a field

wet season; mid-October to late March

small, shallow furrows formed by hand to assist water
distribution and draining in a broadcast field

old or traditional; refers to villages or residents of
an area before resettlement

a government sponsored agricultural radio program

private, voluntary group that sponsors self-help
projects

voluntary community work

goverrment-appointed farmer representative responsible
for D-channel operation; usually a farmer

a form of sharecropping, with payment in crop, lasting
for one season

dry season; mid-April to late September
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