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INTRODUCTION

Agriculture dominates Thailand’s national economy with values exceeding
64 per cent of the total national export in 1984, About 70 per cent of the
total working population is engaged in agriculture and related activities,
Rice constitutes the main crop and is cultivated on about 9.5 million hec-
tares (ha} or approximately 82 per cent of the total cultivated land.

Rice has been the largest foreign exchange earner for Thailand with an
export value of US$960 million or 15 per cent of the total export value in
1984, In the 19708, the government promoted agricultural development to in-
crease rice production, partly to feed a growing population and partly to
increase exports. In recent years, population growth has slowed down signif-
icantly and per capita rice consumption has started to fall. In addition,

"~ the sharp drop in the world price of rice during the early 1980s hag made
rice production less profitable than expected during the food shortages of
the early 1970s. Lower rice prices have made it uneconomic to proceed with
agricultural/irrigation projects heavily dependent on rice production for
their justification.

Crop diversification is essential to avoid over-production of rice in
the market and to increase production of crops which appear suitable for
export. Cash crop production, such as cassava, sugar, rubber, and fruits are
outstanding staples and major supports of the national revenue. However,
unstable prices with rapid fluctuation and/or low escalation of prices have
caused the export of cassava, sugar, and rubber to slow down. On the other
hand, good prices for fruit in recent years and well-established domestic and
international fruit markets have made horticulture an enterprising agribusi-
ness. To expand agricultural exports rapidly to improve the balance of pay-
ments, the government intends to promote crop diversification especially for
export, and for horticultural development in view of its great profitability.

RELEVANT COUNTRY STATISTICS

Thailand has already embarked on diversification of major upland irri-
gated crops such as vegetables, sugar cane, fruit trees, and other perennial
crops. Table 1 shows the regional distribution of the wet season rice culti-
vated areas from 1982-85. Table 2 shows the cultivated crop diversification
in all regions and a breakdown of irrigated areas for dry-season rice, upland
crops, vegetables, sugar cane, fruit trees, perennial crops, and firh ponds.

fDirector, Project Planning Division; ¥% Director, Operations & Maintenance
Division; and ¥¥¥Project Planning Engineer. All work in the Royal Irrigation
Department (RID}, Samsen Road, Bangkok, Thailand.
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Table 4. Dry season cultivated areas (in hectares) of irrigated projects,
1982,
Region Rice Upland Vege- Sugar Fruit Peren- Fish Total
crops  tables cane trees nials ponds
1 1,850 23,780 2,140 0 0 0 0 27,770
2 13,070 14,290 970 0 0 0 0 28,330
3 3,890 8,050 120 12,780 4 40 2 24,886
4 3,890 1,460 410 40 0 2 2 5,804
5 8,240 8,110 960 0 0 0 20 17,330
6 240 2,020 520 0 0 0 0 2,780
7 355,800 1,260 6,980 6,750 6,200 13,920 340 391,250
8 21,060 10,400 420 0 7,540 3,770 11,770 54,970
9 47,800 4,490 1,620 0 2 5 0 53,917
10 47,480 21,060 6,290 40,010 11,770 15,900 140 142,650
11 1,530 250 220 3 0 0] 0 2,003
12 7,390 1,130 90 0 0 0 0 8,610
Tot 512,240 96,300 20,740 59,593 25,516 33,637 12,274 760,300
Table §. Dry season cultivated areas (in hectares) of irrigated projects,
1683.
Region Rice Upland Vege—- Sugar Fruit Peren- Fish Total
crops tables cane trees nials ponds
1 3,380 23,040 2,440 0 0 0 0 28,860
2 7,490 11,020 480 540 170 10 7 19,717
3 12,510 11,110 110 16,220 4 40 2 39,996
4 11,710 3,920 760 5 0 0 0 16,395
5 4,440 5,400 830 1 0 0 20 10,691
6 3,530 2,220 360 0 0 0 0 6,110
T 348,710 1,740 6,880 65,450 14,210 1,180 1,440 379,610
8 119,970 19,070 340 20 10,790 3,730 6,870 160,790
9 49,310 4,110 440 0 650 250 40 54,800
10 39,510 26,330 6,020 33,8390 16,830 15,860 1,920 140,360
11 690 230 330 0 1,420 770 0 3,440
12 5,570 780 120 0 0 0 0 6,470
‘Tot 606,820 56,126 21,840 10,299 867,239
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Figure 1. Physicgraphic regions of Thailand.
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Pregent Crop Potential

The present crop potential in Thailand includes herbs, tobacco, sugar
bean, mungbean, groundnut, sorghum, vegetables, and fruit trees. Herbs in-
clude various export oriented crops such as cardamom, betel leaf, and
turmeric. Crops like climbing lily, clove, and nutmeg are also promoted as
import-substitution crops. Thailand imported tobacco worth 1,100 million
baht (about 26 baht = US$1.00) in 1980 and 1,320 million baht in 1983. At
the same time Thailand exported Virginia, Burley, and Turkish tobacco valued
at more than 1,500-2,500 million baht, Tobacco therefore should be promoted.

Domestic demand for soybean is estimated at approximately 600,000 tons
against a local supply of only 200,000 tons. Soybean is to be promoted in
the north, northeast, and central regions. Each year Thailand exports about
200,000 tons of mungbeans to other Asian countries. There is also potential
in the European market with increasing diversity in consumer taste.

The country’s present annual earnings from exported fruit are about 1,000
million baht. Durian, rambutan, pomelo, and longan are popular fruits over-
seas. Horticulture development therefore is promising.

ON-GOING RESEARCH RELATED TO CROP DIVERSIFICATION

The National Economic and Social Development Board’s draft master plan
for national development recommended support for research on various species
of herbs; tobacco; and improvement of seeds and seedling method for mungbean,
soybean, kapok, sesame, and job’s tear.

The Royal Irrigation Department’s research on crop diversification has
involved soil suitability, and revision of the design to make the distribu-
tion system flexible to changed objectives of water demand. These studies
have suggested that techniecal parameters related to engineering planning and
design need revision. Better control of the flow in the distribution system
is also needed for irrigation of diversified crops. The choice of suitable
control structures is presently under study by the RID staff.

Constraints and irrigation measures to relax them.

A number of constraints hinder the promotion of crop diversification. A
listing of constraints and promising irrigation measures for relaxing them
are sumarized in Table 8. However, there are many other constraints that
are indirectly related to irrigation. One is marketing. The present strat-
egy is simply to ensure that production and marketing are compatible.

Issues for Research

Soil suitability. Practically it is possible to improve the existing
land to grow upland crops but it is more economical to grow them where the
s0il i8 suitable. Research on soil suitability would be useful to advise the
farmers and the planning agency.
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To cope with the crisis, the government adopted the following general
guidelines to reduce farmers risks by not depending on a single kind of crop,
to encourage employment, and to alleviate poverty. In order to implement
this plan, the govermnment encourages the farmers to carry out mixed farming
in the wet season, by growing vegetables and rice, soybeans with cotton or by
reducing the cassava plantation and introducing red sorghum.

In the dry season, crops needing little water —- such as mmngbean and
groundnut —— can be grown just before or after the rice season. Other prom—
ising crops currently promoted include various beans or sorghum which can be
introduced after the corn season.

Typical cropping patterns suggested in the promising northern part of
Thailand are shown in Tables 9 and 10 for the lower north and upper north
irrigated areas, regpectively.

Figure 3. Typical cropping pattern suggested for use in lower northern areas
of Thailand.
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IRRIGATION MANAGEMENT FOR CROP DIVERSIFICATION IN SRI LANEA

Sunil Dimanthax

INTRODUCTION

As in many other countries of the humid tropical regions of Asia, Sri
Lanka, at the current levels of per capita consumption of 100 kilograms (kg)
of rice per year, is nearing self sufficiency in rice and may even generate
small surpluses in the next few years. The major irrigation schemes have
provided a break-through in rice production. Furthermore, it is in these
schemes where there is most leeway to avert over-production in rice. Around
80,000 hectares (ha) of land in the major irrigation schemes are well-drained
and yet wasteful of irrigation water when used for rice production. Using
these lands for crops other than rice'would be more efficient. This paper
considers issues in promoting crop diversification on irrigated land in Sri
Lanka.

COUNTRY STATISTICS
Cultivated Extent

Of the 6.5 million ha of land area in Sri Lanka, 245,000 ha are under
tea, 205,000 ha under rubber, 451,000 ha under coconut, 759,000 ha under
paddy, 100,000 ha under annual crops in stabilized holdings, 1 million ha
under shifting cultivation, 50,000 ha under minor export crops, and 1 million
ha under homestead gardens, and 12,000 ha under sugar cane.

About 298,000 ha of land are irrigated under major schemes, and 185,000
ha are under minor schemes in Sri Lanka. Of this extent only 6,000 ha under
sugar cane is presently under rermanent diversified irrigated crops. Around
20,000 ha under major irrigation schemes were cultivated with short term
diversified crops during the 1986 dry season (yala season). The trend is for
farmers to increase the extent under diversified crops during the dry season.
These lands revert to lowland rice cultivation under puddled conditions dur-
ing the wet season (maha) .

Climate

Agro-ecological regions with uniform climate and soil conditions have
been identified in Sri Lanka. Adopted from the agro-ecological map, these
regions are presented in Figure 1. Most of the irrigation schemes in Sri
Lanka are located in Region 1 {Dry Zone Low Country with reddish brown
earth/low humic gley soils) y Region 3 (Dry Zone Low Country with non-calcic

. brown/old alluvial soils), and Region 5a (Intermediate Zone Low Country with
reddish brown earths/immature brown loam soils}).

*Senior Specialist Officer (Land Use), Land Use Division, Irrigation Depart-
ment, Colombo, Sri Lanka.
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The rainfall patterns of the three regions where irrigation is practiced
is presented in the form of monthly histograms of 75 per cent expectancy of
rainfall in Figure 2. The evapotranspiration demand for the three regions
are estimated by the Modified Penman Method and presented in Table 1.

Table 1. Estimates of reference evapotranspiration (in millimeters) for the
regions where most of the irrigation schemes occur in Sri Lanka.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Anuradhapura 130 143 180 174 186 195 198 202 195 152 123 115
Batticalca 142 151 183 183 198 198 198 205 192 167 135 124
Batalagoda 140 143 171 162 164 153 152 164 147 133 117 127

Comparison of the rainfall and reference evapotranspiration figures show
excess rainfall during the months of October, November, and December and pos-
aibly an excess in April or May. There could be surface waterlogging on im-
properly levelled fields as well as water table build up due to this. But
this excess rainfall is sufficient to leach out the salts brought in by irri-
gation water if good drainage measures are provided and allowed to operate.

Soils

Soil properties influence the choice of crops and irrigation and drain-
age systems. Brief descriptions of the five "Great Groups" of socils exten-
sively used for irrigated agriculture are given below {Moorman 1961; De Alwis
1972; Soil Survey Staff 1975; Joshua 1973).

Reddish brown earths. These are well- to imperfectly-drained moderately
fine textured, reddish to brown soils that occupy upper and mid-slopes of the
landscape. They are grouped uwder Haplustalfs and Rhodustalfs. Their normal
depth is about 1.0-1.2 meters. They have moderately slow steady infiltration
rates of 1-5 centimeter/hour (cm/hr) and low available water holding capaci-
ties of 100-140 mm/meter depth of soil. The erodibility factor is 0.27 (Jos-
hua 1977). The percolation losses on fields wet puddled for the first time
exceed 100 mm/day and reduce to 10-20 mm/day after 6 years of continuous pad-
dy cultivation with puddling. These soils have good potential for diversi-
fied cropping under irrigation.

Low humic gley soils., These are poorly-drained, moderately fine textur-
ed, grayish soils that occur on the lower parts of the landscape and valley
bottoms of flat to undulating topography. These are grouped under the Tropa-
qualfs. They are generally deep, ranging from 1-2 meters. These soils have
slow steady infiltration rates of 0.25-3.0 cm/hr and moderate water holding
capacities of 140-190 mm/meter depth of scil. The percolation loszes of wet
puddled fields in the initial years are about 6-10 mm/day and reduce to 2-4
mn/day after 6-10 years of continuous paddy cultivation with puddling. The
potential for diversified cropping under irrigation is poor in these soils
due to poor drainage. However, in minor irrigation schemes these soils
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Irrilatim Water Quality

“'ﬂ'xe water used for irrigation in Region 1, (Dry Zone Low. Comtry, red-
wh brown earth/low humic gley region) have an electrical conductivity ‘be~:
£ 25-700 micromhos/cm and a godium adsorption ratio between:1-2- (Ama.ra
965, 1973). These waters are rated to have a mecb.m sallnizatmn haz—

-afﬂ ‘& low sodication hazard.

o The main potential source of irrigation water in Region 2 (Dry ‘Zone Low
C:omtry, red yellow latosol region) is from ground water squifers. “These .-
have high salt contents with electrical conductivities ranging from 1000-3500
mcrdaoa/an and a. sodium adsorption ratio between 1-6 (Amarasiri 1978) S
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They have high to very high salinization and low sodication hazards, and have
to be used with extreme care to avoid salinization of the soil.

The water from reservoiras in Region 3 and 5a (Dry Zone Low Country, non
calcic brown/old alluvial region and Intermediate Zone Low Country, reddish
brown earth/immature brown lcam region) have electrical conductivities from
70-200 micromhos/cm and a sodium adsorption ratio between 0.5-1.0. These are
Class 1 irrigation water with low salinization and sodication hazard.

Crops

There are many crops besides rice which are easily grown under irriga-
tion and are important for the nutrition and clothing needs of the popula-
tion: sugar cane, soybean, pulses, maize, cotton, chillies, cassava, fodder,
fruits, and vegetables. While the country needs 1.65 million metric tons
{MT') of rice to be self sufficient, 1.53 million MT was produced in 1985.

Sri Lanka imports over 90 per cent of its requirements of sugar arnd cot-
ton (US$50 and 10 million, respectively), and 30-40 per cent of milk (US$20
million). The world market prices for sugar are presently very low; a change
could increase the sugar import bill. Besides these main imports, varying
quantities of pulses and chillies are also imported.

DIVERSIFIED CROPS UNDER IRRIGATION

Plans were made about 20 years ago for crop diversification under irri-
gation. The authorities realized that the best returns to land and water
regsources in irrigation schemes could be achieved by growing crops suited to
the various land classes. Most of the non-rice crops of the same class re-
quire less irrigation water than rice. Therefore new irrigation schemes were
designed according to available knowledge and constructed for growing irriga-
ted upland crops on well-drained lands and irrigated rice on poorly-drained
lands. Farmers, however, preferred to grow only rice under puddled condi-
tions because rice was easy to store or market. Recently, farmers on well-
drained lands began growing upland crops, notably chilli.

Potential for Diversified Cropping

Diversified crops are grown in Sri Lanka a)} to match the more suitable
crops in terms of water consumption and economic returns to the various land
classes, b) to veer away from rice production to avoid over-production and
consequent low returns to farmers, and c¢) to assure a crop during the dry
season when there is insufficient water to do rice cultivation in the reser-
voirs, especially the minor tanks and occasicnally the larger tanks.

To achieve the first two objectives, 80,000 Ha of well-drained land
under command of the major irrigation =schemes are available. Of this, around
6,000 ha is under sugar cane at the three government-owned sugar plantations
and a small extent under small holdings. Another 2,000 ha is fallowed in
these sugar cane plantations. It should be possible to persuade farmers to
grow upland crops on the remaining 72,000 ha at least during the dry season.

139



t trend is for farmers to revert to rice cultivation diaring:the:wdt.

. excess momture conditions hamper upland crop cultlvatlon. -

il)ed low humic gley and alluvial: 30113, ‘which am?‘ enaral
r upland crops. It may be possible to grow these c:rops in the dry
n by avoiding the short rainy period during April/May and niaking good =
ons for surface and sub-surface drainage in case of unseasonal rains.

f_—'j}a €2 Requlred productmn {in thousand MT},. rainfed ami irnmmd yields '
“¢in kilogram/hectare), and required area (in thousand hectares) of
fied crops to ensure balanced nutrition in Sri Lanka, 1887.

Production Rainfed Irrigated

- requirement yield vield
78 700 150
- 38 600 100~
ERR- 4 A 800 150
30 - 800 150"
9 1500 - 200
32 400 100
S 112 : 700 - 1000
300 400 600

5 be self sufficient in the more mportant food 1t:ems, 222“,990 ha o :
igated land is required; this is almost double the available:extent: under:
¥F&tl ‘conditions ‘assuming only one season of cultivation. *The annina}: re<::
ement of ‘cotton iz 10,000 MT at a production rate‘of:§ MIVhai: About::
0 ha of irrigated land is required to produce the cotton requirement

‘rigation. - Récent proposals to grow coconuts oh ‘a'certainextent of -
ted land in the new schemes will provide the coconuti requirements of v
‘settlers ‘instead of transporting coconut:to: them: + Sinee’ the extent
“drained land’ in the major schemes is only 80, 00‘3 ha;oreps fnr irpiw.
Emd have" to be carefully selected. ,
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Criteria for selecting appropriate upland crops are economic return;
crop water requirements; tolerance to occasional water-logging; high incre-
mental production under irrigation over rainfed conditions; dry weather to
assure quality of product as in the case of sugar cane, chilli, and cotton;
and need to produce perishable crops such as vegetables in dry periods to
assure uniform availability in the market.

Although pulses, oil seeds, and soybean have high nutritive value and
are ideal crops for irrigation schemes, the market for these products has not
picked up in Sri Lanka, and therefore at present yield levels there is little
chance that farmers will select these crops. Crops like chilli and cotton
need to be produced in dry weather conditions to assure quality of product
and crop protection measures against pests and diseases. The flowering and
fruiting of grapes are best controlled by controlling irrigation water.

Sugar cane is best produced under irrigation to control cane quality. If
sugar cane is grown under rainfed conditions, the cane will not mature under
continuously moist conditions. If dry weather sets in, all the rainfed cane
will mature at one time and can over-mature if they are not harvested within
two to three months of dry conditions. Any cane harvested during dry weather
will not rattoon uniformly umtil some rainfall occurs.

Soybean can tolerate certain excess moisture conditions and would be a
suitable crops along with other pulses for the poorly drained lands under
minor irrigation schemes during the dry season. Presently the demand for
soybean is low and according to minimum nutrition standards only 5,000 ha are
required. The possibility exists to vastly expend the use of soybeans in the
human diet and animal feeds directly or in processed form, and thus the area
planted to soybean can be expanded.

There are varieties of fodder grasses which are suited to well- and
poorly-drained soils. A livestock enterprise based on stall-fed cattle would
be a viable alternative to rice on both land classes.

Constraints to Diversified Cropping and Irrigation

Physical constraints. Most crops cannot tolerate excess soil moisture,
waterlogging, and high ground water tables and are typically grown on well-
drained lands. Only 72,000 ha of such land is currently available under
irrigation schemes. If grown on the poorly-drained lands with a minimm of
risk, these fields would need sub-surface drainage and land surface grading,
costing about US$1,100/ha. It is difficult for the farmers and officials to
recognize the boundary between well- and poorly-drained lands. Crops which
were inadvertently grown on poorly-drained lands have been frequently damaged
by excess moisture, but have done well when rains did not occur.

Although the more recent irrigation schemes were commissioned to grow
diversified crops on well drained lands and rice on poorly drained lands, all
farmers at the beginning were bent on growing rice and developed their lands
into a series of small basins. No precision levelling was done on these
fields. Instead a procedure was carried out (termed basic levelling or rough
levelling) which involved levelling off humps and filling depressions with a
bulldozer. This type of land levelling and the formation of small basins
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Whlchhave their own different elevations, makes both irrigation and drainage
diffichlt. Farmers mske matters worse by either planting:upland-crops on:the
fiat sﬁrfaee of the basm or on raised beds of about 1. 0-1 5. meter m.dt.h. o

‘“1¢"Has been observed that seepage of 20-30 per cent occurs in: unllned
channels on reddish brown earth soils (Corey 1982). This, along with: seepage
water from rice fields with standing water, increases ground water tables and
dam&g‘es upland crops.

‘ 'I'he reddish brown esrth soils, the dominant soils in wellwdraa.ned lands
under ‘mést irrigation schemes, are friable (easy to till) only through a nar-
row tange of moisture content. The soils are hard when dry and sticky when.:
wet; hindering tillage operations for upland crops. Land preparation for .
upland crops should therefore be done after a pre-irrigation application of
50-—70 mm. Land prepe.rat.lon and 1nter—cu1t1vat10n operations for upland cmps

water by diversified crops is less than rice, therefore the capaen:ty of t.he
ckhal network is generally not a constraint to dlvemlflcatlon - .
ggronom.c constraints. Only a few crops, such as soybean, s‘ugar cane, .
and coconut are somewhat agronomically tolerant to excess moisture. However,
it'is possible to develop an upland cropping package for the rainy-season by
establishing the crop before the rains set in and harvesting after:the rainy
period is over. For this, the crops should be of the 16-18 week age class. =
-P‘rmnismg varieties of this age class are not available for soybeans, green:
dram, black gram, cowpea, or maize. Furthermore, the yield levels of wvrops::
" Ii¥Ke gbybeans, cowpea, green gram, black gram, ground nut, and maize are. not’
sufficiently high to be attractive alternative crops for farmers.-

. “The favorite crop of farmers next to rice is chiili. 'The recommended
‘Varieties arée 20-24 week varieties, but they need water over an extended .
period. During the dry season fammers are advised to grow 12-15 week rice
varieties to save water, but there are no savings on well-dra.lned lands 1f 1t
is all planted to long-aged chilli. : -

» ‘Roonomic congtraints. Marketing has been the major constraint to diver-
gified cropping in irrigation schemes during the last two decades. - Depart-.
ment ‘6f ‘Agriculture Extension Officers persuaded farmers to grow a.wide. range
of” cr'ﬁps including pulsesa, chilli, and vegetables. At harvest, the prices:
forthese crope were deliberately lowered by private traders, and farmers had
to _destroy their produce. Consequently, Extension Officers found working
wi’%ﬁ-‘-the farmers difficult during the next season. Recently this problem has
‘reteéived more attention. The government has fixed guaranteed minimim prices
for pulses, soybean, and maize. However, unrestricted imports of competing::
products such as chilli, onion, and Mysore dhal (lentil) have contributed to
the depressed market for local produce.

“:Diversified cropping under irrigation requires high levels of -inputs to
be suceessful Farmers find it difficult to maintain these levels because -
‘¢apital is generally not available, at least in the initial years. Farmers:
have ‘found it difficult to obtain credit from formal sources such as banks,
and“the’ credit available from non-formal sources is expensive.
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Social constraints. Although Sri Lankan farmers are thought to be ex-
perts in rice farming, this is not the case for farmers selected as allottees
for new irrigation schemes. An objective of new schemes is to give land to
landless people. The traditional occupation of a majority of these is shift-
ing cultivation where an variety of non-rice crops are grown. These farmers
have a better knowledge of upland crop culture than rice culture. Further-
more, they do not have knowledge or experience in conventional surface irri-
gation methods for upland crops. Such knowledge and experience is possessed
only by a few farmers, especially in the northern districts of Sri Lanka:
sugar cane farmers and workers and a few researchers.

Most Sri Lankan farmers prefer to produce their own rice to secure a
food supply. Although it is pointed out to farmers on irrigation schemes
that farmers on lands with highly permeable scils in the north and northwest,
vegetable farmers in the hill country over 1,000 meters, and farmers who
engage in shifting cultivation do not grow rice.

Many farmers also complain that they must engage in farming activities
almost daily when they take up diversified cropping, whereas they have more
free time when rice is grown. This free time is generally used in another
occupation, so in effect they become part-time farmers. Consequently they
pay less attention to their farms, get low returns, and are forced to seek
more and more off-farm jobs. This trend must be reversed in order to achieve
higher productivity from the land and water resources. Diversified cropping
offers an avenue to achieve this objective.

Another constraint observed in some irrigation schemes is the clash of
New Year festivities (mid-April) with the ideal dry season starting date of
cultivation activities. In most schemes there is shortage of irrigation
water for the dry season. In April/May about 100-200 mm of rain falls which
can supply crop water requirements if the crop is established before the
rains and the fields laid out to dispose of excess water. Unfortunately the
optimum period to plant is around the Sinhalese and New Year festival, and
most farmers like to enjoy the festival and do their planting at this auspi-
cious time. Most of the rainfall contribution is wasted by this time. In
the Wet Zone, farmers who depend on rainfall engage in these operations when
the rain starts whether it is New Year or not.

Management constraints. Because rice requires more water than upland
crops, the irrigation system can supply adequate water for diversified crops.
However, it is essential to prevent excess supply. With the present system
of unlined channels, seepage, and shallow ground water tables, heavy rainfall
causes the ground water tables to rise and damage upland crops. Therefore,
water issues should be immediately stopped when heavy rainfall occurs. This
requires communication between the field and headworks.

In most irrigation schemes farmer organizations are expected to attend
to operation, maintenance, and water management at least at the tertiary
levels. Although a sort of farmer leader (Vel Vidane) was able to control
water igssues decades ago, newer arrangements only work in isolated locations
due to lack of leadership and training, and because of rivalry. The present
management in charge of irrigation schemes has failed to appreciate that
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" on-farm ‘irrigation systems, and on-farm drainage.are
to successfully undertake diversified cropping under.ir

The Sugar C&.ne Research Institute carries out irrigation- reseamh, fop. sugap
cape at Kentale and Hingurana. The Mshaweli Authority and the Irrigation

Be nt carry out a joint research effort on on-ferm water -management at

" Ka. ttiya. Some of the ongoing research and findings are: smriged hel,ow '
-tam i 1981 D1mantha 1981, 1982, 1985; Lewis 1973; S.L_.J'f

'I-’ahle 3.- Recommended diversified crops for.irrigation schemes: oompared to: ..
xfice . glvmg average net returns (in Rupees per hectaret), on-farm water

' #{in millimeters), and Water Use Index (in Rupees net retum per

_ .iﬁﬁqﬁ@ﬁ liters apphed waterkx) ., . o

Average range of: USRI VIL ST
Net Return Water Duty Water Use Indek

genson, well-drained lands:

Sugar cane 15000

‘Sugar - 25000 1000 - 1500

- ChiXigsc . 15000 - 35000 500 - 700
-BrinJal 15000 - 25000 500 - 800
n 5000 - 15000 250 - 450

5900 - 20000 250 - 450

Yala eseason. poorly—dralned lands: NS &
6000 - 15000 1200 - 1500 LB 100,

!ﬁiﬁwseason. well-—dralned lands: R IRVILINCTRRIES (Y

,Soybean 2500 - 6000 50 - 100 o 1005% 4300

'_ 50 --100

o it st e e et o —— -.__

!mnkan ‘Rupee 28 00 = US$1 00;: £x100,000 liters = 1 ha covered bv 1 cm of

N
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The returns from upland crops could be further increased by intercrop-
ping. Some promising combinations are chilli and soybean, cotton and green
gram, cotton and soybean, sugar cane and green gram, and sugarcane and soy-
bean. In addition to providing additional income, intercropping helps to
control weeds in the early stages. Additionally, sugar cane intercrops pro-
vide an income in about three months while the main income from sugar cane
only comes after one year.

Land preparation for upland crops means a pre-irrigation application of
50-100 mm whereas farmers use over 300 mm for land preparation for rice.
Demand for irrigation water has been considerably reduced by timing the
growth periods to coincide with rainy periods.

Irrigation Layout and Procedures

The furrowed basin system of irrigation layout (Joshua 1980) was devel-
oped to grow upland crops in the dry season and upland rice in the wet season
on well-drained lands. It is easy for farmers to adopt this system. The
furrowed basins are about 10 square meters, with furrows spaced at 0.6-0.9
meters, depending on crop spacing requirements, and at a gradient of 0.2-4.0
per cent. An irrigation stream of 5 liters/second {lps) for 15-20 minutes
will supply a 50-60 mm water. An application efficiency of over 80 per cent
can be achieved with this method but surface drainage efficiency is poor.

Craded furrows could also be used to irrigate upland crops. However, it
is difficult for farmers to adopt this method. To achieve efficient irriga-
tion, water streams of a particular size have to be released into a set of
furrows to advance a certain distance over a particular period of time; sub-
sequently this stream has to be cut back to another stream size for another
period of time. When the stream is cut back, the remaining water has to be
released to another set of furrows. To overcome this complicated procedure,
a modified procedure involving "basined furrows” is showing promise. Here
the furrows are closed at the bottom of the field to prevent tail water run-
off. When this method is adopted the farmer has to open the bottoms of all
furrows to drain the fields of standing water during periods of heavy rain-
fall and close them during periods of irrigation. These operatiocns could be
carried out whenever required in small farms where the number of furrows in-
volved is small and where the farmer is theoretically always available on the
farm. If upland crops are to be grown in the wet season, the number of irri-
gation applications is limited, therefore some inefficient irrigation can be
tolerated. The more important requirement during the wet season is efficient
drainage, and the graded furrow system facilitates efficient surface drain-
age. The specifications for the graded furrow system is as follows: spacing
60-120 cm depending on the crop; grade 0.4-0.6 per cent; stream size, 2-5 1ps
per furrow; maximum furrow length 100 meters.

Land Shaping

Proper land shaping or levelling is an essential pre-requisite for good
surface irrigation and drainage in furrow and basin systems. Land shaping is
required to obtain a smooth surface to present specifications, because most

lands have uneven surfaces initially. Heavy rain during a seven to ten day
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""'iﬂ:;mll ‘drastically damage upland crops due to waterloﬂmgi j
for proper. drainsge. Insurance should: be ml:en AV
by lev‘ellihg lands.,

qmua and Knierm (1981) developed a method of: ahapmg ﬁj_ Iy

s 2~3 per cent. The equ1pment ugsed for land shapmg mm ¥
scrapers and:land: planers which could be operated:with fol

farms because of their small size.: Specif1cat10ns for:precigion land::

lllmg are terrace grade of 0.4-0.6 per cent mxmun depth of soa.l cut’

‘channel ,
uddled rice field (RBE soil} 70 - 120 .
ited rice field {6 years) 10 - 20
_": fleld o 200 - 1000

important gaps for achieving these ob,;ectlves are flndmg su1tab1e vametles
'ﬂi’th deeper rooting systems and promoting weed management practicem e Sme

se (for the chemiocal industry), and Fruit. cro“
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Better on-farm water management is required before farmers can easily
adopt diversified cropping. Further work has to be done on irrigation lay-
out, irrigation procedures, and timing of irrigation so that farmers can
handle the irrigation water with the technology available to them., It is
desirable to evolve techniques to enable farmers to control the amounts of
application by observing the depths in a furrowed basin. Graded furrow sys-
tems should be further defined.

RECOMMENDED PRACTICES

To ensure successful diversified cropping most of the management practi-
ces including irrigation management have to be carried out on the farm itself.
Crops have to be selected to give best economic returns to land, water, and
farmers. These crops should meet national requirements or have export poten-—
tial. When planned water supplies are available short term crops such as
chilli, vegetables, cotton, onion, and soybean and long term crops such as
sugar cane should be selected. Crop combinations such as sugar cane/soybean,
sugar cane/green gram, cotton/soybean, cotton/green gram, and chilli/soybean
can be practiced. If the water supplies are limited, cotton and soybean can
be grown with advantage. Farmers should be given guidelines to judge the
stage at which crops require irrigation. Diversified cropping can be improv-
ed if water is available on demand to farmers and if the main irrigation
system can adjust to varying demand.

Further work will determine if it is desirable to alternate between
traditional rice culture and diversified cropping on the same land. For rice
culture to use water economically, a somewhat impervious layer has to be
built up to minimize percolation losses on rice fields with standing water.
It takes years of continuocus puddling to build up the impervious layer. Dry
tillage for upland crop cultivation will destroy this layer.

For short term upland crops, furrowed basins could be used with advan-
tage. If long term crops such as sugar cane run into the rainy season, or if
short term upland crops are grown in the rainy season, graded furrows should
be used to facilitate surface drainage. The furrow spacing for sugar cane is
90-120 cm and for most other crops is 60 cm.

Initial development of land into graded bench terraces at 0.2-0.6 per
cent slope is an essential prerequisite on well drained lands to facilitate
efficient surface irrigation, surface drainage, and erosion control. It may
be required to re-smooth the land surface once every one or two years. This
could be easily done at low cost using a land planer with a float attachment
drawn by a 35-40 horsepower four-wheel tractor.

Because the unlined channels allow a lot of seepage with consequent loss
of irrigation water and build up of undesirable water tables, channels should
be lined. Although additional costs are incurred in lining channels, subse-
quent maintenance costs are low.

The desired conditions to provide good aeration conditions for upland
crops is for the water table to be below 60 cm depth and preferably below one
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meter “$5¢ most of the crop growing season. Because the major'eause:of high
watét tdbles is seepage from channels and rice fields, it:-must’ beminimized::
This @in be done by’ lining channels and not growing rice on: well-drained . .
lands. - Field drains 1 meter deep with capacity of 13 lps per:ha;i and’ ‘madin
draing®6f 2 meters with the same capacity can dispose of excess’ rainfall.:
SuFface drainage can be facilitated by terracing the land: at! a mild gradlent,
wlth even surfaces. Furrows will enhance surface drainage.: 7 5 #i

Well-trained farmer organizations with some authority can ensure good
water management at the tertiary and farm level. They can ensure that far<i:
mE rece:we thelr sha.re of water and advice on good practlces on t.he farm

NATI(INAL POLICY

‘ %e ‘government. is committed to diversified. cropplng on: ramfed. 1ands,

and espéc:mally on' the 80,000 ha of well-drained lands in:the major-irrigation

. Credit facilities, either through the formal or-the: informal sec--
&,/ #fire being improved to ensure timely availability of “inputs::such: as fer-

tili#sr and pesticides. Research and extension, and seed production prograns

are being strengthened. Although improvement in the market for diversified::
‘c‘ibpﬁ ‘should come mainly through private sector participation, ‘the:government

has ifitervened to fix floor prices and bring market information to:farmers:.- .

The market could be further improved by controlling the import of: substitutes
and promoting the export of produce. Assistance given to agro-processing
facﬂ!}ihes such ag anima! feed mills, soybean processing plants;, fruit and
_jﬁﬁbﬁle canning and industrial chemicals will also improve “the ‘market for -
diver¥ified ‘agriculture. It would be economical for the government:to- subsi-
‘dize gome diversified cropping enterprises which have to compete: with :impors
ted produce such as sugar and pulses and also enterpriseg:with a: long gesta—-
tion period such as irrigated fruit crops for export markets. . ° -

oulture and Irrigation Departments, Ministries of Finance and Planning, and
Agriculture Development and Research whose work is referred to in this paper.
Thanks to Mrs. R. Jayanath who did a rush job of typmg this paper. .
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