ADOPTION OF DIVERSIFIED CROPPING IN RICE IRRIGATION PROJECTS!

Ko Hai-Shengk

INTRODUCTION

In the wake of perceived rice surpluses and market price fluctuations,
the controversy over further investment in rice-oriented irrigation projects
has received increasing attention. The World Bank in 1982, for example, rec-
ommended to the Philippines a slow-down in irrigation projecta unleas the
government could regularly tap export markets. As a result, Phase I and II
of the "Study of Food Demand and Supply and Related Strategies for Developing
Countries" were undertaken. Policy dialogue between the Asian Development
Bank and Indonesia regarding the agricultural sector, including irrigation,
began in late 1982 from which came a two-year technical assistance grant on
"Study of Food Production and Irrigation Strategy in Indonesia” starting in
1985. The World Bank also conducted the on-going Water Master Plan Study in
Bangladesh and the "Thailand Irrigation Sub-Sector Review." These studies
reflected the need for change in irrigation investment strategy in Asia.

A principal objective of these studies was an appropriate compromise
between cost effectiveness and rice production for national food security.
The adoption of irrigation schemes for diversified cropping is considered one
of the best compromises for irrigation investment. Such a scheme would be
able to continuously support rice production to assure food security. In
cases of rice surplus and where non-rice crops have a comparative advantage,
the irrigation system could be adapted to support non-rice crop production.
Ideally this would maximize exports and/or minimize agricultural imports. In
view of the widespread skepticism about future investment in rice irrigation
gsystems, diversified cropping in irrigation schemes would permit a rational
use of land and water resources. Since the additional invesatment for diver-
sified cropping is small in comparison with the total needed for an ordinary
rice irrigation system, it would be worthwhile to explore the possibility of
adopting diversified cropping in irrigation schemes.

This paper briefly reviews existing diversified cropping in Asia. It
then describes the physical operation and maintenance (0O&M) requirements for
diversified cropping, and identifies constraints to implementing diveraified
cropping. Finally, it furnishes suggestions on the approach to implementing
diversified cropping in irrigation systems.

REVIEW OF EXISTING DIVERSIFIED CROFPING IN ASIA

Non-designated Diversified Cropping

The common practice of diversified cropping on irrigated land is to grow
non-rice crops after harvesting irrigated rice at the beginning of the dry

*Project Engineer {Irrigation), Asian Development Bank, Manila, Philippines.
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seaaon ““Thoge crops- use regidual moisture from irrigation:for geéraination,
and ‘then grow in semi-rainfed conditions. Two or three periods of irrigation
from the system may be used depending upon the availability of water resour-
ces..  In some cases, farmers manage to find their own water resources from
shallow tubewells, small ponds, or creeks. Crops not obtaining sufficient
from irrigation or rainfall may produce low yields or suf fer dimiage ;<
The farmers who practice this kind of diversified cropping are usually aware
ﬁaks however, through long-term tr1al-and—ermr, ‘t.hey mtiaa&ly B

_Adoption is generally piecemeal and on small areas, but sone gyatens: have a,_,:
-ﬁ : ;;?ic&t portion 0f total irrigation in this pattern. - Fer example, in
. ammrll 40 per cent of the potentlal wheat acmase 19 alneady

roent. Thousandsofhectaresoftobacoomgrowﬂaftertbetnrvest

mgw I’rrigatlon Soheme? in northwest Bangladesh. In Nepal, wherever water
‘are atill available in the 1rr1gated areas from the hills to the

ign. “One of the most sophisticated dwersﬂxed emppinz

~ irrigdtion systems in Asia, the Chin-nen Irrigation System.is -located in
gouthern Taiwan. It began operations in 1927 (construction: perioﬂ From 1921
3119803 'and covers an irrigated area of about 150,000 hectare. (ha), of whmh
Bper cent comprises clay soil and the rest sandy losm to:silt loam.
précipitation over this area averages 2, 500 millimeters {mm). smoe
’1’1ab1e water resoumes during development were oniy anough t.b irnxate

i cropping - pa.ttern (rice {(monsoon)-upland crop—smara-grem wam:re) Has
‘out. In order to implement rotational or diversified cropping;.the :
e irrigated area was divided into 150 ha units; each’ rotationamit was

divided into 3 rotation sub-units each of 50 ha; 3 crops, rice; aupland crops,
and sugar, were planted in each sub-unit by rotation in 3-year cycles. The

laydut of the irrigation/drainage system was also designed to fit- the re-
i{rei¥ rotation cropping. In particular, each 50 ha sub-rotation apit had
S ‘geparate off-take gate(s) from the irrigation systen. so 't.hat. 1rrz.ga—
ﬁhﬂ ﬁa‘ber could be delivered separately to each unit. i . e

. Support services. To ensure the success of d1vers1f 1ed cropplng. Water
User's Groups and Sub-Water User’s Groups were carefully organized based on
" the crop rotation units and their sub-units.. Several ‘experinantal and demon:-
stration stations were organized and operated during the construction period;
and other support services such as extension, research, credit;- ‘post-harveat:
famlitles (rice mills, sugar refine factories, and seed oil factorles) were
j_"1shed parallel to the construction of the 1rr1gat1m systun

Fooehiy
AR

: Govermnent mterventlon With strong support from government. the oper~
ation of this irrigation system gradually moved toward diversified croppmg
aftéftaix years of ‘trial-and-error. For the most cost-effective:use of -
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limited water resources, the government gave the first priority to rice, the
second to sugar, and the third to upland crops. As a result, rice usually
received sufficient irrigation water in its growth period; sugar was irriga-
ted on average only twice in one dry season with 90-100 of water. Fifty
percent of the time, the upland crop was irrigated once with 60 mm of water,
and for the remainder received no irrigation. This water utilization policy
has been followed by farmers and policy makers for more than 60 years and is
expected to continue in the foreseeable future.

Acceptance of degignated diversified cropping. The main thrust of gov-
ernment intervention in operating this system was in expediting the project
objectives, mainly achieving self-sufficiency in rice and minimizing imports
of agricultural products. Ten years completion, sugar exports provided the
largest amount of foreign exchange earnings. Living standards of fammers
were significantly improved as well. The farmer’s response to government
arrangements was positive, and the designated diversified cropping pattern
was strictly followed. This response was attributed to the project design
successfully accommodating the aim of national food self-sufficiency and the
-farmer’s natural profit motive. This government-designated diversified crop-
ping pattern was strictly followed by farmers until World War II.

There has been tremendous change in the economic, social, and political
environment of the last 30 years. Substantial improvements have been made in
water resources and irrigation facilities since 1950. However, the three-
year diversified cropping rotation technique remains unchanged; the only dif-
ference between the existing designated cropping patterns and the previous
ones is that one more crop of rice and one more upland crop have been inser-
ted into the three-year cycle. Previously, the crop rotation was grown con-
secutively in a three year cycle; this has been replaced by the rice-upland
crop-rice-sugar-upland crop pattern (Figures 1 and 2).

Farming is a business in Taiwan, and the further it advances beyond
subsistence agriculture, the more it becomes so. The officially designated
diversified cropping pattern is no longer compulsory for the Taiwanese
farmers. The farmer has full authority to decide his own cropping pattern,
and the designated pattern is often ignored by farmers. However, this does
not necessarily mean that the official cropping pattern should be abolished.
On the contrary, it deserves to be maintained as the guideline for formulat-
ing water delivery schedules. From the official cropping pattern, farmers
will be aware when and how much irrigation water will be available for their
land; and they can select the most profitable crop to be grown by optimizing
the use of available water.

The farmer’s decision on his cropping pattern is usually based on profit
maximization and risk aversion. The designated diversified cropping pattern
followed is highly correlated to the price fluctuations in both input and
output products. In general, about 80-95 per cent of farmers will follow the
official cropping pattern if their lands are in turn for growing rice,
because rice has a comparatively stable price and thus a reliable profit.
Furthermore, the land will be too soggy for individual farmers to grow upland
crops if the majority of lands are growing rice.
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On average, less than 30 per cent of the area selected for sugar will
actually be planted due to its low price. As a result, about half the refin-
eries in that area have closed in the last 20 years. Two to three upland
crops can be grown on these lands to substitute for one crop of sugar. More
than 80 per cent of the area is scheduled for upland crops because the land
will not support rice umless the land owners have their own water resources.

Status of Adoption of Diversified Cropping in Irrigation Projects

Notwithstanding widespread skepticism about adopting diversified crop-
ping in rice-oriented irrigation systems, many international agencies finan-
cing irrigation projects in Asia have already adopted diversified cropping to
some extent. A typical irrigation project usually has sufficient water to
irrigate the entire area in the wet season; however, in the dry season, the
availability of water may not be adequate to irrigate the whole area, so part
of the available water will be allocated to upland crops. Moreover, between
the two main rice crops, a small portion of the project area will grow some
upland crops. As a result, 210-250 per cent of the multiple cropping index
can generally be found in such irrigation projects.

However, diversified cropping is adopted in those projects mainly to
enhance the economic viability of the project. Because the capecity of the
irrigation facilities is usually dominated by the requirements of wet season
irrigation, inserting upland crops either between the two main rice crops or
concurrently with rice in the dry season will not affect the capacity of the
system. Thus the incremental investment cost to the project for adopting di-
vergified cropping is often considered negligible (though this may not always
be true) and a significant benefit will be obtained. Therefore, diversified
cropping has been broadly adopted as the guiding project cropping pattern in
recent irrigation projects. Whether the necessary inputs have been properly
supplied for the implementation of diversified cropping or to what degree the
designated cropping pattern has even been realized still remain to be seen.

DECISION MAKING AND ITS CONSTRAINTS FOR CROFPPING PATTERN

Adopting a cropping pattern is influenced by three levels of decision
making: government, system (irrigation associations), and farmers. Farmers
base their decisions on the natural environment and on the economic, social,
and structural envircnment created by public institutions, including agricul-
tural sector policy, land reform, commodity pricing, long-term investments,
and special subsidy programs. Identifying how farmers make their decisions
must consider the role of these public institutions and the government and
irrigation association decision mekers. Each group has its own objectives
and its own constraints which limit objectives. While their objectives may
not necessarily be contradictory, their priorities may differ. The object-
ives, constraints, and responsibilities for each group are described below.

Government Level

This is the national policy-making level. Adricultural policy objec-
tives formilated at this level usually aim at increasing national, regional,
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and farmers’ net incomes; achieving equitable distribution of income; improv-
ing:social welfare; and providing food self-sufficiency. Balancing all of
these objectives is complicated by the long list of constraints acting on the
agricultural sector. Among the most pressing constraints are: finding avail-
able cultivable and irrigable land; lack of money for investment, subsidy, .
operation, repair, and maintenance of infrastructure; poor land tenure sys-—

tem; weak foreign and domestic demand for commodities; and small farm size.

System Operator Level

...‘The primary objectives for cropping patterns and water use at this level
are to: distribute water equitably to farmers, use available water efficient-
1y, improve crop yield, and maximize irrigation service fee collection. The
constraints which limit these objectives are institutional —- limited budget,
lack of control over government subsidies and loans, uncertain agricultural
support, inadequately trained or lack of persomnel, and weak enforcement and
arbitration of water rights -- and physical: uncertain water resources, poor
soil and topographic variations over the region, and poor condition of exist-
ing irrigation/drainage facilities.

Farmer level

... It is universally true that farmers in an irrigation system still have
latitude to make independent decisions on cropping patterns and water use.,
Their decisions are often guided by the following objectives: a) to increase
nét income, b) to minimize their exposure to risk, c) to maintain control
over farming decisions, and d) to preserve traditional practices. There are
& pumber of factors which limit the farmer from attaining the theoretical
maximm of his objectives: soil type, farm location in the irrigation syatem,
condition of irrigation/drainage facilities, designated cropping pattern,
availability of water resources, previous experience, level of education,
available credit; working capital, and available agricultural information.
The crop production and gross income may be limited by one or more of these
constraints, or several constraints may be simultaneously binding on a par-
ticular farmer’s decision-making. o

PRIMARY REQUIREMENT FOR DIVERSIFIED CROPPING

. :While recognizing the possibility of adopting diversified cropping in
rice-oriented irrigation projects, the next question is what inputs are need-
ed in the stages of project preparation, project implementation, and project.
operation. Based on experience gained in the operation of the sophisticated
rotation cropping scheme in Taiwan, the physical and institutional inputs
nepessary for diversified cropping are described below. : _

Inatxtutlml Inputs

Guiding cropping pattern. To realize the government's investment objec-
tives in the irrigation sector a guiding cropping pattern is usually formula-
ted during the project preparation stage as the basis for determining the

development scale, cost estimate, and project benefit monitoring evaluation.
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In the project operation stage, it serves as a guide to the system operator
to carry out the irrigation program; the irrigation water will be delivered
mainly according to the farming activities proposed in this pattern. The
farmer may, therefore, know when and how much water will be available in the
field in advance and can thus plan his farming activities accordingly. This
pattern is subject to modification in the project operation stage in accor-
dance with changes in national short term agricultural strategy. Thus, the
pattern must be so well prepared that completed irrigation/drainage facili-
ties, whose designs are based on that cropping pattern, can be flexible to
accommodate any possible modification.

Agronomists for water management. The complexity of the plant-soil-
water relationship for non-rice crops requires advice from an agronomist.
For an intensive diversified cropping irrigation system, cne agronomist for
every 500 ha of diversified cropping is considered necessary.

Experiment and demonstration stations. The tendency to preserve tradi-
tion always inhibits farmers from accepting new cropping patterns. A demon-
stration is one of the best ways to convince the farmer to experiment; and a
successful demonstration of farming practice and irrigation management must
be supported by field experiments. Therefore, the establishment of field
experimental and demonstration stations in the project area should be one of
the project components for a diversified cropping irrigation project.

Agricultural support services. The need for agricultural support ser-
vices, including extension, input supply, storage and marketing, by-product
utilization, and agricultural credit in a diversified cropping irrigation
system is more critical than in a rice-only irrigation project. The more
support services the government provides, the more intervention power the
governement holds and the more the government's objectives will be realized.

Acceas to agricultural information. Better access to agricultural-in-
formation on prices of inputs and outputs, supply and demand of agricultural
commodities raise the quality of the farmer’s decision-making. This input
may be considered as a part of agricultural support services; however, it is
s0 important to a commercialized farming system that it needs highlighting.

Physical Inputs

In essence, the major physical inputs required are the same as for any
other irrigation project though sensitivity to the various physical inputs
between rice and non-rice crops may differ. Proper physical inputs must be
provided for both rice and non-rice crops simultaneously. The additional
physical inputs required for diversified cropping are recommended? below.

Drainage facilities. Drainage as well as irrigation facilities are
essential to growing upland crops. Most upland crops cannot sustain growth
in saturated soil for more than one or two days. Without good drainage, an
irrigation system cannct adopt diversified cropping effectively. Moreover,
the principle of a better yield from a better drainage system also applies to
rice. Good drainage facilities may be considered as an incremental invest-
ment in diversified cropping. The design capacity for drainage facilities is
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govermd by rainfall; soil characteristics (infiltration:rate), ground water:
table; and how long a plant root zone can remain saturated-without adversely:
affecting the plants, which in turn depends principally on-temperature,:type:
' oﬁ““‘plant, and growth stage. In some cases, the investment cost:ifor: dralmsg*

facilities may take up a large portion of the total pro.)ects oeat** pmventi,m 3
the’%adoptmn of diversified cropping in that project. : TR e

s ik I gat.mn facilities. Theoretically, the capacity- nf fwil;it;ies d.e-
mgxéd: Por rice irrigation should be sufficient for irrigating upland: cropaa-
Although additional irrigation facilities for diversified crops:are usually .
considered unnecessary, in some extreme cases, if the designed capecity of -
canalé’is based on‘lengthy land preparation (longer than 30 days).and : the
irrigation cycle for upland crops requires a shorter period; (shorter: than 10.
days),*then the canal needs a higher conveyance capacity to meet: 4he. reql.ure-
ments of upland crop irrigation. This may happen more often’ in-lateral or..
sub-lateral canal systems than in main or lateral systems. Temporarily usmg
partsof a canal’s freeboard for conveying water will adequately:meet.the re-
quirement of the highest discharge in upland crop irrigation. -If the. requir+
ed gquality of irrigation management is the same for. irrigating. xrice: and; nons.
rlwmrcps, there is no Justlflcauon for additional water mau!ihs i:lew.ees.

fi‘:

IﬁziéATION MANAGEMENT IN DIVERSIFIED CROPPING SYSTRMS

’lhe"?{maz’mteristics of Upland Crop Irrigation

Co *rB&B:L(: dlfferences between rice and upland crop 1rr1g§t1 The' ob.jec-w
tiverof- irrigating rice and upland crops is the: same, but the: comept and -
.charadteristics of irrigation is very different for each. ‘Rice is-an anntAc
pla‘m:‘wat!i can survive or even thrive when its root zone remains saturated..
Irrigation water is applied to the paddy in sufficient amounts to keep the :
right’ depth of water above the ground surface and to meet the consumption of
soil:percolation and plant evapotranspiration in one. irrigation;cycle. The:
twoiigeverning factors for rice irrigation are the s0il’s. fmal mfxltratmn
m:l:e‘ and plant evapotrs.nsplratlon . Gaiv s

Upland crops survive only for a short period if the rootzone remnins
saturated. Upland crops extract moisture stored in the soil of: their root
zone; thus the water depth and frequency of water application in upland crop
irrigation varies with the depth of rootzone and distribution as:well as with
the: moisture-holding characteristics of the soil. The: rooting depth and. the.
dmtribut].on of roots depend mainly on. the kind of crop, .the growing. st.age; Wi
and the«soil profile. The available moisture-holding capacity.{i.e.,.the .
difference in volume percentage between field capacity. and.wilting:point 13
predommantly determined by the texture and structure of the soil). There
are mers varlables in upland crop irrigation than in rice irngatlon

' {_Im__atlon for lack of data. The complexlty of upland crqp :‘rm&atlpn
my mhlblt many irrigation projects from extensively adopting diversified. .

«eropping: if ‘the above-mentioned phenomena have to be identif ied angl rezlevant-*
dath:must be collected in the preparation of a diversified cropping.irriga- -
tiomiproject. Fortunately a lack of such data can be compensated.for in W0,
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ways. In the project planning stage, data from comparable areas can be used
and in the project implementation stage, the adopted data in the project
preparation stage can be verified via demonstrations at local experiment sta-
tions. More accurate data can be obtained through trial-and-error in the
project operation stage leading to improvements in irrigation management.

Formulation of a Cropping Pattern to Guide the Project

Irrigation water requirement. Basic data on the irrigation water re-
guirements for rice and upland crops is required for formilating the optimal
cropping pattern to guide the project. If fundamental information is lack-
ing, the modified Pernman method can be used to calculate a crop’s consumption
of water. The fundamental information needed to estimate consumption, such
as crop coefficient, climatic data (like temperature, relative humidity, wind
velocity, sunshine hours, and evaporation)}, and effective rainfall should be
available. The additional information needed for upland crops is the sgoil
field capacity. The overall irrigation efficiency for upland crops may be
assumed to be about 35-45 per cent. The residual soil water content before
irrigation can be obtained by sampling the field soil.

Trial-and-error procedure. The optimal cropping pattern can be formula-
ted through trial-and-error by assuming acreage of various crops, multiplying
this acreage by their corresponding irrigation requirement and net benefit.
Then the annual project net benefit and annual water requirement can be ob-
tained. The feasibility of each trial can be judged against the annual water
requirement and water availability. Then the optimal cropping pattern can be
selected from those trials.

System analysis approach. The optimal cropping pattern can be directly
calculated by using operational research. Government's long-run objectives
can be formulated by using areas of various crops to be grown as the decision
variables. The net benefit of each unit area of crop is used as the parame-
ter for each corresponding decision variable. It is possible to establish a
group of constraint equations for the objective function from the available
water resources, available area, the capacity of irrigation facilities as
well as the irrigation requirement for each crop. By solving the objective
function and the group of constraint equations simultaneously by linear pro—
gramming, the optimal cropping pattern can be obtained.

Irrigation Method

There are four major categories of upland crop irrigation: sprinkler,
trickle, surface, and sub-surface, among which only the surface irrigation
method is practiced for irrigating upland crops in paddy fields. Depending
on the crop, surface irrigation can be categorized as: furrow and corruga-
tion; border strip; contour ditches flooding; and basin. When upland crops
are grown in paddy fields after the rice has been harvested, the land will
have been graded into level basins. Therefore, all the surface irrigation
methods indicated above can be implemented in the condition of level-basin.

Basic concept. In level-basin irrigation, the water flows over the
basin first and then becomes static. For attaining infiltration uniformity,

21



stér is generally applied to cover the field in a relatively short.
on'a volume basis., The main portion of the water infiltrates: ‘during -
Plooding. This is different from sloping border irrigation;-in: whi.eh

flow'Tate is balanced against application time to provide uniform and coverd-
age. ‘Without ponding in sloping irrigation, the infiltration: occurg while

the water is moving, i.e., has dynamic status. Thus, it appears that level
ba.sin u'rlgatlon is less complicated than sloping surface irrigation.:

+8CS Design Phnual and its application. The factors which: govern level-
“irrigation are! unit flow rate, basin length, flow depth,: ai:pliwation
“application efficiency (distribution uniformity), ming

7861l infiltration rate, and net application depth. Oorréhtinz a.ll
actors is complicated. The SCS Design Manual® is aec i for- ex&
Tength and design capacity of farm ditches in .the. projebtf preparatian
and for determining irrigation time in the proaect opemti.m Btage

78, SCS design chart for a 7.6 centimeter net depth of’ apphcatlon, i

negs coefficient "n" of 0.15 and an intake family of 0.5.
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In order to familiarize readers with the Manual, an example is given as
follows: referring to Figure 3, for a basin length of 200 meters to attain an
application efficiency {(distribution uniformity) of 80 per cent, the required
unit flow rate would be 3.3 liters per second (lps), the application time
{Tco) would be 96 minutes, and depth of flood would be 10.4 centimenters
{cm). If total flow were 150 lps, the basin width should be about 45 meters.
To increase the basin length to 400 meters with the same distribution uni-
formity, the corresponding values would be qin = 11.2 lps, Tco = 55 minutes,
and the depth of flow would be 18.8 cm. For the same flow rate into the
basin, the basin width should be decreased from 45 to 13 meters. The example
indicates that the only information required for measuring in the field is
the intake rate of the soil; with this information, the Manual can be easily
used for the design of on-farm systems as well as for irrigation planning.

Crop and irrigation method. The method of irrigation is mainly deter-
mined by the type of crop. An improper irrigation method not only decreases
irrigation efficiency but also may adversely affect crop growth. In general,
cloge-growing crops such as peanut and wheat are irrigated by corrugation,
borders, border ditches, basin and contour ditches, while row crops such as
sugarcane, corn, and sweet potato are irrigated by furrows and borders.

Physical Operations and Maintenance (O&M)

Irrigation planning and execution.

a) Guiding crops. Although there may be more than one crop grown in the
upland field, irrigation cannot be planned based on the exact crops in
the field. If the project uses an officially designated cropping pet-
tern, the crop or crops proposed would be adopted as the guiding crop or
cropg for the calculation of irrigation requirements.

b)_Water delivery schedule. Based on the guiding crops of the official-
ly designated cropping pattern, availability of water resources and
field weather conditions, the water delivery schedule should be formu-
lated one month before the date of delivery. The farmer and relevant
agricultural agencies must be informed of the details of the irrigation
planning and water delivery schedule as early as possible.

c) Preparatory works. When the water delivery schedule is announced,
the farmer should make up his mind what crop to grow and commence land
preparation, procurement of seeds and other inputs. Meanwhile, the
agricultural extension agency should make all agricultural inputs
available before the commencement of water delivery.

d) Water application. Level basin irrigation needs a higher discharge
to maintain higher irrigation efficiency, so within one tertiary canal
gystem, water should be concentrated for application on a plot-by-plot
basis. If there is a constant water discharge, the volume of water
applied to each plot will be based on the irrigation time; each plot of
lJand will share irrigation time in proportion to its acreage. The sum-
mation of each plot’s irrigation time must be equal to the time of one
irrigation cycle. Keeping tertiary canal discharges constant within one
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r=frrigation cycle period is important for an equitable distribution of
‘smter. The irrigation time allocated to each plot must . be:strictly .
“ovisfollowed without any interruption during irrigation.: Incidentally, t.h@
“swiater may not reach the end of the basin within the allocated: time: of’
_ drrigation. This may occur due to improper basin length; too high a -
xyiaz!caola.tloz'l rate or wrong irrigation method, poor land preparation -
o musmg a high flow resistance (Manning Value) is often found.in this -
wosioaee,  There is no excuse for increasing the 1rrlgatmn t;une for t.hoae
' -who do not prepare their land well. : iy 3

Ee) Frequency of irrigation. The frequency of 1rr1gat1<m should be
+determined according to the moisture content of the'soil if water
vpasources are not a constraint; however, in most cases, the avallable
. water is often limited, and so irrigation may only be given in the
~zoépitical period. In areas with 2,500 mm of annual precipitation, 'three
tofour irrigation applications will be enough for sugar: eane* two to::
withree are adequate for corn, peanut, potato, and soybean. : Bhort: root
.’gbhe ‘crops such as vegetables, melons should be irrigated every 6-10-
#% days; but it is impractical to adopt such frequent irrigation.as the .
- atandard practice for upland crop irrigation in an extensive irrigated..
" area. This kind of irrigation must be arranged in a small area

Maintenance of irrigation/drainage facilities. Ckle serlous mmtenanoe
problem in an extensive, diversified cropping irrigation:system ig that it is
difficult to find enough time to undertake major maintenance of irrigation
il diainage facilities. In order to overcome this difficulty,: the main
maintenance program including necessary investigation, survey,- design, .cost
estimite; and contract tendering should be completed in the last: ‘atage- of
wiearirrigation. Then the main maintenance can be: 1a.tmched Mately after
the end of rice irrigation. . \

ﬁside from the major maintenance required between rice and upland irri-
gatidn‘; regular minor maintenance during the irrigation period: is important
to+assure the security of irrigation and drainage facilities.: . This regular
maintenance for off-farm systems is usually'undertaken by:contract Jabor
m“ﬂ:he supervision of O&M personnel; for on-farm systems, farméra should
be encouraged and assigned to carry out re - maintenance,:mainly«clearing
farm ditches. Farm ditch clearing, including drainage and irrigation
sysm should be carried out at least once before every a.rrm 'an eycle.

;mremental OM staff. Comparing the number of O&H personml mqmred
for s diversified cropping irrigation to that required for. a non-diveraified
cropping irrigation system, about 30-40 per cent more staff are: needed :in a
divergified cropping area. The actual number of O8M staff required will
deperdion ‘the quality of OM expected; on average, one person per: “200-300
heet.ﬁres of irrlgated area is considered to be a reasonable allmas’bion.

*,Fﬁmr s__mgtlcmatmn. The enhancement of farmers pnrtlcipa,tlon in
OBM tiorks: is the best guarantee of success, particularly for. a. diveraified
cmpping irrigation system. The O8M of irrigation syatens noech famers




a) Farming activities. Since the water is delivered according to a
schedule, not on farmers’ demand, farming activities must strictly
follow the irrigation schedule.

b) Proper land preparation. The efficiency of upland crop irrigation
greatly depends on land preparation and the right selection of irriga-
tion methods; upland crop irrigation will not be successful unless
farmers prepare their land well.

c) Contribution to the maintenance of on-farm system. It is extremely
difficult for the system operator (irrigation association) to maintain
on-farm irrigation and drainage systems. Usually farmers are encouraged
to provide the labor for the maintenance of those canal systems.

d) Cooperation in irrigation activities. The planning of a water deliv-
ery schedule cannot be prepared without shortcomings; smooth irrigation
requires cooperation among farmers themselves and between the system
operator and the farmers.

e) O8M fee. The O&M work will be significantly increased due to the
adoption of diversified cropping; the correspondingly increased OBM fee
should be generated from the benefits of diversified cropping, in other
words, from the farmers' additional payment of O&M fees.

CONCLUSION

The practice of diversified cropping or growing irrigated non-rice crops
in irrigated rice areas has prevailed in Asia for centuries. About 60 years’
operation of crop rotation in the Taiwan's Chin-nan area demonstrates the
potential of adopting diversified cropping in modern irrigation systems. A
diversified cropping irrigation system is characterized by more flexibility
in adjusting to a variety of crops. Policy-makers should be informed that
the technology is available to develop an irrigation project which can simul-
tanecusly meet the objectives of assuring national food security, maximizing
exports, and minimizing imports in the agricultural sector.

The main physical constraints on the extensive adoption of diversified
cropping is heavy clay and poor drainage. However, excluding heavy clay
soils and low-lying poor drainage areas, it is approximately estimated that
about 50-75 per cent of irrigated land and potentially irrigated areas in
Asia are physically suitable for adopting diversified cropping.

Institutional constraints on diversified cropping are: lack of financial
incentive and agricultural supports; shortage of competent personnel and
operational capital; inadequacy of cultivation techniques; and unavailability
of management techniques. These can be counterbalanced to some extent by the
efforts of agricultural agencies and by appropriate support from government.
In particular, past experience in upland crop cultivation in the West and in
gome Asian countries has yielded enough technology for irrigation management
and agronomic supervision to justify immediate application. As for economic
constraints, governments’ long-run policy and short-term strategy in the
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: ,_griaultune sector would play the most dominant role in influepci '
aitlfi@melal constraints. Therefore, only governments cab:take
.lﬁsye in extensively adopting diversified cropping in. 1rrigat.im I

pporting. any specific development. For the long-rum i - A new:
48 .immn projects are still necessary for assuring future mh oenl: food
security, diversified cropping is worthwhile in this. kind. of .new igation
pm,)ect considering that the incremental investment cost of dlveraified
cropping; is very limited. In the operational stage, if dive: aified oropping
iginot the national priority, government may minimize its iptervastion:in -
' diversification, and let the international and domest el mechanism
rmine the degree of diversified cropping required. ! sver:the national
ynomic situation requires, the government can qumkly step 1n to mtem
dwemi,faed cropping by providing more agricultuml support. services, an_d
y:guarantees. The immediate national objective in t.ha MBMM‘;\R@B-
oan then be realized with less difficulty. .

© Although the technology required for adopting dlversified cromim is
ilable in Asia,. the research and experiments for resolving Jocal:and
_ diate.problems need to be undertaken in parallel with rojeq
tien and operation. . If the diversified cropping irrigati aystes: 18 scoept-
able as a standard for future irrigation projects, it is time to-invite the
attention of international donor agencies and research institutes so they can
E i‘lse ‘their initiative to conduct the necessary research in the most suitable '
@mmtrles prior to commencing new irrigation projects. SRR LA

'Ihis paper . represents only the author’s personal v1eu3 qu giogs mt
saarily reflect the views or policy of the Asian De._ !;"M@ Cesir

is .18 still under construction.

o 3 "meu'mpxts meded for sprinkler and trickle lrruatlm m o
ram adopt1on of these two irrigation methods in paddy f].elds

'_'75.- Soal Oonservaﬂm Service. 1974. Design manual forborder 3.:ri‘¢atim
;aysten US Department of Agriculture. B T

26

Bagh government- has its own development priority and its oonstrainte .
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