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ABSTRACT @

Although Aus and Aﬁan rice cover 89% of the total cropped
area and yieid 83.7% of the total rice output, these two crops
are stiil growﬁ undér-‘providence‘ metﬁods — that is, by
impounding rainfall inside the cropped area and depending
entirely upon rainfall as a soil moisture source. The high
uncertainty involved regarding availability of rainfall during
transplanting and during the crop growing periods of fhese two
predominantly rainfed crops has often meant that investments
made in these crops were lost, althbugh the mean anﬁual ra;nfgil
in the coﬁntry varies from 1400 mm iﬁ.Rajshahi to over 5000 mm
in Sylhet and 80% of this rainfall occurs during.the.Ausfana“

‘Aman crop growing periods.

The present study was aimed at quantifying the amount of
supplementary irrigation, determining its effects on the yield
and analysing the risks associated with rainfed Aus and'Aman.
cultiyatidns. Experimentallplots were taken at the farﬁ‘6f  i
Bangladesh Rice Research Institute, Joydebpur. Theré were in
all five treétments ranging from totally rainfed plots to 25 mé-
t0.50 mm standing water on the plots. The wéter$ba1ance method
was applied for detefmining the crop water requirement with
provisions for measuring rainfall, evaporation and seepage and

"percolation.

From the study, it was observed that with supplementary

irrigation increase in yield varving from 8% to. 71% over rainfed
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condition occured during the.study period for &iffereht
treatments. The amount of supplementary irrigéﬁion varied from

69 mm in Aus season to 573 mm in Aman season fof the treatment

of 25 to 50 mm standlng water on the plots. For the saturated
plot treatment a 57% ‘higher yield over rainfed ‘¢ondition was
observed during the Aman season and required 1&.& mm of water
from irrigation. From the analysis of rainfall data it was
observed that rainfall duringrthe crop growing period has to be
supplemented by irrigation to meet the crop watef:rEQuifement

and to eﬁsufe a dependable yield during the Aus and Aman seasons.
Frdm:pgéﬁébility analysis of rainfall it was found that the Aus
éggﬁ requires supplementarj igrigation in.one_out of four years
and in case of Amén crop %hé Sﬁéplementary irrigation is required
in three out of four years. The amount of supplementary 1rr1ga%
tlon requlred varies from O to 67 mm for Aus season and 67 mm

to 309 mhn for Aman season with rainfall probabilities varying
from 50 to 75 percent and 25 to 75 percent for Aus and Aman

seasons respectively.
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CHAPTER = I

INTRODUCTION

1.1 General:

Bangladesh, a flat riverine country, has an area of 1.3
million hectres and a popuilation of almost 90 million thereby
giving it a population density of approximately 630 people per
Square kilometre. Out-of the total 14.3 miliion hectres,WQ.AB
million hectres (66%) is cultivable land, 2.1 million hectres
(15%) is utilized for forest which includes hills and the rest

%g 2.73 million hectres (19%) is covered by rivers, home steads,
ponds, beels, haors etc. Agriculture is the dominant sector of
the country’é eccnomy and accounts for about 56% of GDP and
gives employment opportunities to 80% of population (Tarafdar,
1977). The country's warm climzte is favourable for crop growth
all throughout the year. This permits intensive cultivation and-
mﬁltiplg cropping but the intensification is cénstrained by the
fact that about 50% of the cultivable land is not suitable for
intensive cultivation all the year round. This area includes
about 0.8 million hectre of low lying land which is flooded to

a depth of 3.5 to .5 metres from June to October and can there-
fore only be cultivated when the flood recedes in November.

Another 2.43 million hectres of cultivable land are annually

flooded from 1;0 to 3.5 metres and is used for low yielding rice.

Another 1,2 million héctres in the coastal areas are inundated




with saline water and can hardly sustain one crop during the
rainy season. Thus with little scope left for increasing 1and
area for cultiVation and populotion groWiog at an anﬂual rate of
3.4% while the food production increasing at 2 rate of less than

2%,Bangladesh presents itself as = Chailenge for devéelopment.

The Second Five Year Plan (SFYP) of Bangladesh (1980) aimo
at achieving a2 projected food grain production target of 20.1
million tons as against bench mark level of 13.5 million tons
(Table - 1). Out of the total production target, 17.78 million
tons (88%) are expected from the cultivntion of rice only. It has
also been esfimated that the total food grain produced will be
enough to feed the projected population of 101 million in 198[-8%
at & slightly higher level of consumpticn (10 grams per déy
per, cnplta as per FAO estlmgtes) and alsoéillowea dlsaster TpllLf
contlngency of 10% (Plannlng Commlsslood 1980) ThlS ostlmuted
food grmln productlon requlres an 1ncreoscd productlon rotL cf
7. 6A per year cndﬁa yield of 1:75 tons per hectre. The product—
ioh t;rget app,urs to be an ombltlous one when Comparbd w1th the
post performencLs of the country. In the yeqr 1977-78 the totﬁl

rice production was 12 76 mllllon tons rom 10 mllllon hectros,

the gvercge per hectre productlon belng onlv 1. 28 tons._

2 Rlce Cultlvatlon 1n qugladesh
Tho Prlnc1pa1 1nUredlent of tho oopulnr dlet in Bunglade h
is groln znd rlce makes up 95% of the graln output Agrlculturo

in thls country 15 ovcrwholmlngly domlnuted by rloe, the crop



around which the entire economic life gravitates. For the
foreseeable future, however, rice production will previde the
mein source of incomé and livelihood, the main source of calor-
ies in the diet and the main indicator of w«conomic and even
political viability of the country. Thus for the country to be
able to feed its population by the mid - 1980s and attain self-
éufficiency in grain output, as desired in the SFYP requires an
increase in rice production as well as its stabilization over-
coming the vagaries of nature and technical and institutional
drzwbacks. The grain production can be considerably improved by
the introduction of high yielding varieties (HYV) of rice ond
epplication of necessary inputs like irrigation water, fertili-
zers, pesticides, credits and extension services based on resesrch
results suitable to local condition. In addition to the improve-

ment of rice production techniques ond their extension among

farmers, improvement of social and economic environment of
infrastructure such as facilities for supply of production

materizls or the processing, storage snd the marketing of agri-

N & 3
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Rice in Bangladesh is grown in three seasons = Aus, Aman and

cultursl products is also essential.

Boro ~nd through two general techniques-brondcasting (sceds
tossed by hand iﬁ the ploughed field) and transplahting (3 to Iy
weeks old seediings transferred to puddled ficld from secd bed).

The varieties of rice grown vary by sesnson and technigue and the

choice depends on the characteristics of the land-upland and
lowland, the resources availeble to the farmer, the state of

technology and alternntive cropping possibilities.




Aus (Summer crop): Aus is an upland rice grown both ’
as_broadcasted and transplanted crop; It is planted with the
advent of the monsoons in April or May and is harvested in July

or August. However, the uncertainty of rﬁinfall during the |
season when Aus is planted prevents the transplanting of the
~crop in time except where irrigation is available. This delay in
transplantation of the seedlings becéuse of uncertginty of rain-
fall results in a decreased yvield due to sensitivity .of the crop
- to photoc~period znd other crop physiclogic chonges due to climat-
ic factors 1like temperature, Humidity etc. Moreover delay in
transplanting ronders the land fallow for the next culfivable
season. Aus covers 32% of the total'rice growing area and makes
up 25.6% of the total rice production (Kroury, 1981).-Since Aus
1s predominantly a rainf«d crop, it is expected that there will
be some loss in yield due to uncertainty of rainf311 during the

crop growing period.

Aman (Autumn crop): Aman is the largest rice crop grown
and its total yield amounts to two and half times more than
that of Aus. The Aman paddy provides 57.8% of <the total rice
yield 2nd covers 57% of thelrice growing areas. Aman paddy 18
also grown both as a broadcasted @nd a transplanted crop.

" Broadcast Aman contributes 13% to the total rice production.
Because 1t is grown in deep water areés broadcésted Aman 1is
exposed to early floods and later to early droughts. The broad-
cast Aman can tolerate moderate flooding and some éf the long

stemmed types can float in deép water and can grow upto 25 cm




in 2L hours. Transpl-nted Aman, which makes up Mé% of the

‘rice production is one of the main crops which is concentr-ted
upon for development; for it is the preferred one, producing

the finest quality of rice and providing about 18% more yield

. than thc broadcast varieties (Kfoury, 1981). Aman paddy is
predominontly rainfed and provides 2 good per acre yield of rice
“ond is pl&nted during the peak monsoon period i.e., in July or
August and harvested in November or Docember, The heavy monsoon

roins keep the paddies wet, thus providing necessnary soil moisturc.

Boro (Winter crop): Boro occupies only 11% of the total
rice cropped area and provides 16.,6% of the total ribe yield.
The yield per hectre of Boro is highust, 3.95 tons per hectre
which is #lmost twice that of Aus's yield and about 62% higher
than Aman's yleld Boro is a transplonte d pqddy dnd since it is
grown in the drv winter months ltb surv1vcl 15 he1v1ly dependcnt

upon “dequ te wster supply prov1drd through 1rr1gatlon. Boro
ugcdllng:.ﬁre transplented in De Cbmbgr to Januﬂrygund harvestod
in April to May.
1.2.1 Irrlgﬁtlon in Boro se .son and prospects of QChIEVlng
: food self sufficiency:

Riee, like nny other crop reguires'an -adequate 'supply of
water to grow and develép =t its maximum-potentizl rate. The
water that rice plants reguire for its growth is normally supp-

lied by rainfill and flood water from rivers. Cf the three rice

growing sensons the Boro season h 25 the highest yvield potentizl.
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This scoson is azlso characterized by dry weather with little or
no rainfall available to meet the crop water requirement. As a
result, crops during the Boro scason depend entirely upon irri-
g:tion woter — the requirement being around 14h6 mm (Halim and
Knan, 1978). The scarcity of water for irrigation during the Boro
sensén results in limited acreage, nlthough the crop itself has

a high yield potential., With widespread nnnual flocding =nd
aversge rainfall in excess of 2000 mm (Allison and Jalal, 197.)
the éountry appears to be over-endowed with water resources. But
the distribution of r2infall is very much skewed with littlo or
no r~infall occuring during the Boro growing pcriod of November
to March, The river flows are also significantly less during the
winter sesson, limiting potential for surface water use for irri-
grtion. The most critical of the dry periods are Februnry ;nd
T""rch durlng which the total_r1VLr flow qmounts to 6 35 mllllo
Incctrp acgréé 1ndéomp°rlson to 79 1 w1lllon hectre metres aurlng
August (Hhroun, 1977) qurt from thc 1ow flgwldur;ng w1nte
ﬂanths the dchlOpmcnt of surfsce WO ter rosources for 1rr1gﬁtion

I T e et . . LD

is constralned :nd compllcuted by rgqulremgnt;:for nmvlguﬁlon,_
domestlc use ~nd s~line water intrusion problem in the coastal
. EAR B R L . . T N T s

esturry.
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Now turnlng to groundwgtor as o sourCe of 1rf1g"tloh thc 
utlllzdtlon of this resource should be 11m1tga to the ereas |
where. (1) suits blb aqu fors with proper Wﬁter qualltles_ﬁrc 5
ﬁvull blu, (2) unnuﬂl erlenlshmcnt of groundwuter equals thL'

;I..

totql w1thdr wcl of groundwrter (3 wlthdrawa has 2 minimum
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cffect on other water uses,(ly) depth of water table mzkes a
rcasonable cost of pumping etc. Considering all these factors
it is estimated that an area of nearly 2.67 million hectres con

be brought under irrigation using groundwnter as a source (Bhuiynn,

1977). The area estimated to be brought under irrigation in the
SFYP using both surface and groundwater as a source amounts to
2.91 million hectres (30% of the cultivable area), which includes
0.40 million hectre to be irrigsted by traditional methods. In
1980 the total area under irrigation was-1.LL4 million hectres
including an area of 0,36 million hecfré irrigated by tradition-l
method; Since there is no significant increase in the irrigati@%i
by traditional methods in the SFYP it is estimated thzt the 75%
increase in the irrigasble area will result from the increased
installation of deep tubewells (DTW), shallow tubewells (STW) »nd
low-1lift pumps (LLP) (N.Alam,.1981), Irrigation by DTW, STW and
LLP are constrained bj fequirements fér engines, spare parts,
skilled operators{socio-economic factors and last but not the
least the cost of fuel. ¥With the many  fold increase in the fuel
price during the last few years and 2lso Qith further increase in
the years to come, the ambitious plan of doubling the. irrigable.
area by 1985 from the present level is'definitely at a stake.
Thus, there seems to be a limited scope for increaéing the
area under Boro cultivation which reoquires irrigation water at
every stage of its growth..

Leaving aside the Boro, the other two crops that fills the

country's foed requirement are Aus and Aman.'Although Aus and
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Aman combined cover 8.9 million hectres (89%) of the total
cropped area and end yvield 10,3 million tons (83.7%) of the
total output, these two crops are still grown by 'providence'
methods - that is by flooding during high water of rivers 6r
impounding rainfall inside the cropped.area. The prospects of
developing Aus and Aman crops would be discussed is details

later,

Another =aspect of achieving fhe food target is the intro-
duction of new high yielding varicties (HYV) of rice and modern
agricultural practices as a realistic technology for agricultural
improvement. The introduction of HYV rice .of the Internztion=s
Rice Resezrch Institute (IRRI) has greatly'improved the harvest
of three rice crops. The improved HYV rice, which is usually
dwarf, yields two to three times more than the traditional
vafiefies. The Planning Commission in its SFYP hés-rightiy
emphasized the impoftence of switching over to the improved
varietics; as in a densely populated country like Bangladesh,

HYV and the hybrids have been recognized as the key to survival.

1.2.2 HYV rice cultivation in Bangladesh:

The HYV strains of IRRI which were later improved, modificd
&nd adapted to the local conditi&ns by the Bangladesh Rice
Research Institute (ERRI) are available for use .in 2ll three
rice crops. 0f the 1.62 million hectres of HYV rice that is
grown at present, 0.80 million hectre is'HYV Aman, 0.60 million

hectre is HYV Boro and 0.20 million hectre is HYV Aus (Kfoury,1981).
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The HYV strain possesses certain characteristics for yield.
improvement: (1) shortness of stem for strength {this character-
istic is a disadvantage in flood pronec areas), (2) insensitivity
to photo-period, (3) enocugh available soil moisture all through-
cut the crop growing period, (L) responsiveness to nitrogenous
fertilizers, (5) short growing season to allow more than one crop
to be grown during the year, (6) resistant to most of the common
diseases, pests and stem borers (BRRI, 1978), The first HYV rice
introduced in 1966 was IR-8 which ?ossessed 21l the obove listed
characteristics and was found suitable as a Boro crop. Its intro-
duction increased the winter crops yield three times from the
ﬂraditional variety. However increascd use of IR—B'has been
limited by thé'slow expansion of ifrigation whiéh 1s necessary
‘to provide water during the dry winter months. Another HYV rice
is IR-20, introduced in 1970 for the Aman crop. This variety had
all the characteristics of HYV rice but it was found to be sligh-
tly sensitive to photo-period. By 1972, L.7% of all Aman of
which 7% was transplanted Aman was HYV. High yielding variecties
for the Aus’seasbn is less common aﬁd in 1972 only-1.6% HYV was
used. This is mainly because Aus is broadcassted not tfansplanted.
However, prospects of using HYV for Aus in place of traditional
varicties are good. Today 16% of the total rice cultivated arex
is under HYV and thirteen high yiclding varieties invented by

the scientists of IRRI and BRRI are in practice. The hybrid
progeny lines invented at BRRI are known as BR-1, BR-2 etc. Thus
the use of HYV seeds for the Aus, Aman and Boro rice crops has

increased significantly the total rice output.
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1.2.3 Problems and prospects of rainfed Aus-Aman crops:

Although 59% of the total Boro cultivated area is under HYV
rice, the similar area under Aus and Amon is only 6% and 14% of
their total zreas respectively. The high uncertainty involved
regarding availability of moisture during the grewing pgriods of
both the Aus and Aman seasons has often meant thst investments
made in these crops were lost. Studies (Oﬁry, 1972 and Manalo,
1976) show that although annual rainfnll in Bangladesh ranges
from 1400 mm in Rajshzhi area to over 5000 mm in Sylhet (Fig.1)
there are 8 months in Rajshahi district and L months in Sylhet
district with less than 100 mm rainfall (Fig. 2). Months exceed-
ing ZOC mr (8 inches) of rainfall considéred as 'wet months'! are
7 in the district of Sylhet znd only 3 in the district of Rajshahi
(Fig. 3). Moreover during the wet months nlso the distributionuof
rainfall in amount, intensity and duration is very such non-uni-
form. Thus even during the monsoon or wet months, there are periods
of droughts when Aus and Aman crops (which are predominantly rain-<
fed) are damaged due to insufficient rainfall, especially during
fransplantation and flowering éf the ﬁlants. Hence the crop thot
fills 85% of our food reguirement and.on which fhe over all food
situation of the country is very much dependent is left to the
uncertainties of nature for its rearing. A positive step in attm;
ining foed self sufficiency lies totally on the ensuring of a
good harvest of Aus and Aman crops, and this can be achieved in
two ways:

(1) by bringing the’ total Aus-Amen cultivable areo under HYV

rice cultivationiin phases, so as to. increase the over-

211 yield and
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- (2) Ey increasing the present yield per hectre with ensured
irrigation all'throughgut the crop groWing period.. |

The cost involved with ensuring irrigrtion tc the Aug and Aman
Crops wduld.be much less in comparison with the cost of irrigat-
ing Boro crop,. firstly becausé Aus and Aman are perdominantly
rainfed crops and hence would require much less water from irri-
gatioh for the crop growth and secondly the cost of irrigation
would alsoc be much less as water for irrigaticn at that time is
readily rvailable both from groundwater and surface water sources.
As water is ;vailable at very low hezds, traditional methods cnn

2lso be ~pplied for irrigation.

It is, therefore, imperative that a detailed study onrthe
amount of irrigation‘water required during the Aﬁs and Amaﬁ
seasons, its need and effect on the yield, climatic and agronomic
factors controlling the amount of water to be applied etc. be
conducted so as to establish the ideas expressed earlier before
proceeding with the development plar- . of achieving food self

sufficiency.

1.3 Review of earlier works:

The development of rice as a staple crop has gone hand in
hend with the development of irrigition, as it is primarily =a
water crop. But Bangladesh does not have a long history of agri-
cultural.water use. With excessive rainfall during the monsoon,'
fertile alluvial soils and year round warm weather the people

have been able to feed themselves until the mid fifties without
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resorting to irrigation. Noﬁ that the population growth has
overtaken. the productivity of traditionzl agriculture, suffi-
cient food can only be produced in future by making an optimum

utilization of the all available resources for crop production.

Irrigafed agriculture which is 2 rather new éoncept in the
agricultural practices of Bangladesh is pra;tised during the
dry winterlperiods for gr‘owing'Boro9 wheﬁt!lvegetables etc.
Supplementsl irrigation which merns application of relatively
smzl1ll amcunt of water for a short duration when crops are suffer-.

ing from water shortage due to unusual droughts is a completely

new concept in this country. In supplementary irrigated crops

the major portion of the cror = water requirement is supplied by
zinfzll and irrig-tion water is supplied from -time to time to
cover any deficit. The Aus and Aman crops grown under rainfed
condition zre subjected to the hazards of droughts due to unde-
pendable rainfall during the monsoon. Boro crop grown during the
dry'winter pericd with iittle or neo roin is rearéd nainly by
irrigantion water. Bﬁt beforé imparting any further stress on
developing Boro crop for reducing the food defibiengy with totzsl
irrigrtion, efforts should be made to develop thp"ﬂu; aﬂu‘Amanl
crops with supplemental irrigaties fOTr obtaining the optimum

yield.

- Net much resesrch work had been conducted to quantify the
amount of suﬁplement&ry irrigatioh water and to determine its

cffects un the yield. Biswas ond All (197€) in a study on the
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determination of consumptive use of IR-8, conductedlin_the Aus
season of 167!, found the consumptive use to be 1f00 mm . The maxi-
mum yield obtained in their study wns 7.85 tons/hectre . which
occured in 100 mm submergence treatment with total water use of

el ‘
1922 mm. : 2 N e 3

{ a WELIT «
L2k 3!
Khan (1977, 1979) presented a method for determining the ™

probable dates of transplant-tion nnd the corresponding risks
involved for HYV Amen under rainfed condition using available
rainfz1l, consumptive use snd soil dzta. The study revealed the
facf thaot although rainfall during the crop growing period is more
than the crop water requirement there 1s a need for supplementary
irrigotion due to erratic distribution of rainfall. It was obser-
ved that sufficient moisture for transplenting Aman is_available
between Mry to July depending on locntion and degree of accepted

risk. For any given degree of risk, Amzn’ seedling can be trans-

- plonted earlier in the eastern part of Bangladesh than in the

west becnuse of earlier and longer monsoon in that ;art,With a
statistical approach, the ~mount of supplementary irrigations at

different preobabilities were also obtdined from the analysis.

Another study was undertaken during the Aman seasons of 1978
and 1979 by the Irrigation and Water Management.section of the
Division of-Agricultural Engineering, BRRI to determine the
impact of supplemental irrigation for transplanted Aman. The
experimental findings showed that with supplemental irrigation

varying from 38 mm to 828 mm the yield varied from 16.6% to 51.8%
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higher over the rainfed condition (BRRI, 1980). The higher yield
was obtained under a continuous flooding treatment of .50 mm to
76.mm. The study pointed out that with proper managerient of
supplemental irrigstion in the transplanted Aman season a

significantly higher yield cen be obtained.

1.4 Objectivies of the study:

From the analysis of the previous resesrch findings it is
.appsrent that supplementary irrigation is required and has a
definite positive effect on the yield of transplanted Aman. But
the ~mount of supplementary irrigation both in magnitude and
period of applicntion during the Aus and Aman seasons still
deserves attention, No study on tﬁeﬁsupplementary irrigation
requirement of Aus crop waos taken,mélthough Aus 1is also a

rzinfed crop,

- Considering all the above mentioned facts this study has

been taken up with the following specific objectives:

(a) To quantify the smount of supplementsry irrignation fof
both Aus ~nd Aman HYV rice crops at different stages of
the crop growing periods; .

:(b) To find the varistion of yield withlthe amount of
supplementary ‘irrigation; "

(¢) To determine the risks associzted with the cultivation

of HYV Aus and Aman rice_under rainfed conditions;




CHAPTER-.- II

PLANT, SOIL, WATER AND YIELD RELATTIONSHIPS IN HYV RICE

CULTIVATION

lThe moisture of the soil is cne of the three main?elements '
of plant growth, the other two.being the nutrients in the soil
solution and solar radiation. For centuries man hasltried to
control the water content of the soil where and when the natural
‘conditions of the water regime do not permit or are unsatisfactory
for agricultural production. Effective control of water environ-
ment is essential for maximum utilization of technological deve-
lopment in rice production. Basic to effective control is a
- thorough understanding of the optimun water environment in .

relation to rice growth stages and crop yield.

2.1 Rice growth stages:
The life cycle of a rice plant can be divided into three

phases, (a) vegetative growth period. (%) rﬁfoUUCfiVe (genera-

#ia) geawt prriod and (c) ripening period (Fig. L).

.: (z2) Vegetative growth period: Thé vegetative phase.starts-
with the sprguting of seed and ends at panicle initiation stage.
Following transplantation the=vegetative period*cévers the
(1) rooting stage, (2) maximum tillering stzge and (3) effective
tillering stage. The period between germination of the seed and

production of five leaves of the seedling:is the seedling stage.
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A rice seedling at the five leaf stage is capable of producing

tillers.

(b) Reproductive (generative) growth period: This period
follows maximum tillering and covers the stages of panicle
development, .booting, heading and flowering. During the booting
stage the panicle axis and branch development are completed. The
heéding stage begins with the protrution of panicles from the
leaf sheath and thereproductive stage ends with pollination and

fertiliiation at flowering.

{¢) Ripening period: During the ripening period carbohydrate
from leaves and stem is transferred to grains. The grain forma-
tion is a step-wise process and is_divided into milky, dough,

yellow and full ripe stages..

2.2 Field water requirements:

‘The constituents of water required to grow HYV rice are

evapotranspiration (ET), seepage and percolation (s&P) and surface

drainage (SD). Only evapotranspiration is the true water require-
ment for crop growth, but in supplying it, some seepage, percola-

tion and surface drainage is inevitable (Fig.5).

,2,2;1 Evapotranspiration {ET):
Evapotranspiration is the amount of water used by the plants
rplus that evaporated from the surface of the ground. Water that

moves through the plants is mostly transpired through the leaves,
14

N
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but some is retained in the plant tissues during crop growth.

There are two measures of ET, potential and actual. Potential
ET is the rate of ET when there is no limitation in water avail-
ability i.e., the soll can supply all the water demanded by crop
and that used in surface evaporation. Actual ET is the amount of -
water éctually evapotransbired, and this is usually less than
the potential because the plants are usually unable to get all
the water they could use. It has been found that potentiél ET is
about equal to the rate of evaporation from a free water;.surface°
The standard evaporation pan takes advantage of this fact to
provide reliable estimates of ETL Actﬁal ET is less than poten-
tial but HYV rice grown: - under flooded cbndition and even some--
times when it is not (provided the scil is saturated or nearly-
szturated} has essentiélly potential ET. Thus ET of flooded fice
can be closely zpproximated by evaporation raté from a standard
evéporation pan (Wickham and Sen, 1977). There are other more
sﬁphisticated methods of estimating ET,.but the advantage of the
paﬁ technique of estimation is that it is easy, inexpeﬁsivé to
"installland use in any location and sensitive to loc§1 conditions
similar to those associated with the fields themselves. Well
maintained pans give data within 10% of ET for rice (Kampen and
Levine, 1970), as long as the crop is =t or near potential (floo-

ded) conditions (Fig. 6).

Evapotranspiration is essentially independent of the stages

of plant growth (Fig. 7). “hen the crop is newly planted, plant
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transpiratibn is relatively 1little, but evaporation from the
water surface is high; But as the crop grows transpiratign
increases while the increased shading of the water surface
reduces evaporation. The ratio of evaporation ahd transpiration
is mostly a function of leaf area index énd fluctuates as the

leaf 2rea index rises and falls (De Datté,_gﬁlgl. 1975).

2.2.2 Seepage and percolation (S&F):

Seeﬁage is the lateral sub-surface movement of water and
percolatidn_is the sub-surface movement of water in the vertical
direction. They are hdwever considered togather, because it is
very difficult to artificially seperate them in the field and
because-they occur simultaneously. Factors. that combine to pro-
duce =2 given seepage and percolation rate are type of soil, depth
of water tabie, proximity to drains, slope of surface, poor main-
tained bunds and depths of standing water. Very little can be
-dpne to reduce seepage and percolation from flcoded fields apart

from keeping the bunds plastered. with mud and in good repair,

A simplified method of estimating seepage-énd percplationl
in the field is by using zn inclined meter. The fall of water
level is noted from day to day. The fall is assumed to be the
sum of ET and seepége and percolation provided there is no rain-
fall, irrigation or surface drainage,'Seepage'and percolation can
be estimated by subtracting pan estimates of ET.. In practice,
data of about half the days of a season must be discarded Qﬂen
surface water flows are met. Lysimetric studies or water balance
analysis can also be applied for determination of seepage and

percolntion.
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2.2.3 Surfazce drainage (SD):

A significant portion of the water available at the fields
from rainfell or irrigation runs off the fieclds into adjacent
drains, low lands, creeks etc., as surface drainage. Large sur-
rface drainage losses are expected in the wet season when heavy
rains often provide more water than can be stored on thé fieldé

or used by the crops.

2.2.4 Lond preparations:

Lend preparation requires considerable more water than is
usunlly recognized and fazilure to supply it on time results in
hon-uniform and delayed piﬂntings which tend to réduce the inten-
sity of cropping. At least tﬁo weeks prior to'ﬁuddling, soaking
is necessary to allow the weeds and rice stubbles to be decompos-
ed (Valera, 1979). Rice fields require 2bout 100 mm to 150 mm of
water for land ﬁreparation end puddling operations {De Dztta,
~et =1. 1975, Khan, 1979) . The water required in nonpuddled field

is 50 percent of that reguired for a2 puddled field.

2.3 Water requirement at different growth stages:

The demand for water by crops is less during the seedling
or juvenile period but increases with the increase of the number
of tillers during the vegetative grbﬁth. Immediately after trans-
plantiﬁg sufficient moisture is required to dévelop new roots.
Drought océufing during this stoge couses poor growth and checks
tillering resulting in remarkable yield decrease. Sdbsequent to

rooting stage shallow water is preferable.during the major part
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of the vegetaztive growth. It hes been ascertained that the
respiration function of the roots is meximum during this stoge
znd therefore, introduction of air into the soil by drying the

field is necessary to promote vigorous root growth (Tabbal, 1979).

During the major pért of the reproductive stage allarge
amount of water is éonsumed. Drought occuring during this period
causes demage because it impairs ponicle formation, headingy,
flowering and fertilization leading to sterility and hence in

reduced yield.

During the ripening period less water is needed until graduz-
11y no water is required after the yellow ripe period. Paddy
fields azre also being drained during this stage although early

~drainage may result in immature grains,

2.4 Water requirements and rice yield:.

The amount of water needed to grow o crop of rice from
transplanting to harvesting has not becn definitely quantified
because of variations in (a) antecedent moisture in soil, (b)
soll type and fertility (c¢) length of growing period (d) method

of cultivation (e) topography (f) variety of rice and (g) others.

Studies at IRRI (Tabbal,1979) showed that when the water
reaching the crop was in the 750 mm to 1000 mm level, there was
no significant chsnge in the yield, but when it was below 550 mm

¢ssentinlly no yield was obtzined (Fig. 8). Studies in Taiwen
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revealed a sharp yield reduction when less than 600 mm of water

was applied to the crop.

Water requirements are affected by the depth of water since
higher the depth the greater is loss due to seepsge and percola-
tion. Thus the deeper the depth of water maintained in the field

the higher would be the water requircment for the crop.

2.5 Depth of flooding =and yield:

Although rice plants are known to be water loving and grown
generally with standing water in the field, recent studies how-
ever show that rice can be relatively well grown without causing
serious yield decrease compared with that obtainced under contin-
uous flooding if soils nre saturated with water or soil moisture
can be maintained very close to saturation point. The highest
water use efficiency is attained under these water management
practices and seasonsl water requirements are 700 mm to 800 mm
which is about equal to séasonal evapotranspiratién (Tsutsui,
1972). In most rice growing areas, rice fields are submerged
continuously throughout the crop growing period, mainly because
fields are not provided with adequate watering systems and arti-
ficial control of water is neither feasible nor practicable.

Apart from that continuocus flooding has other advantages such as:

(a) Satisfactory plant growth and rice yield can be obtained.
(b) Helps to eliminate weeds,

(¢) Gives better response to timely applicstions of fertili-
zers,
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(d) Gives better insect znd weed control with grenulsr
chemicals,

() Saves labour for water monagement.

Shallow water depth on rice fields usually gives favourcblic
results in regerd both to the zmount of water needed for irriga-
tion snd also the rice yield. This is clearly shown in Table-2.
But & fector preventing saturation or shallow water application

1s the problem of weeding.

2.6 Depth of flooding and weed control:

Rice weeds have been SPrlOUS problems in rice culture. Once
weeds have infested the soil they are very difficult to control.
Woeds COTUGte with rice plants not only for nutrients, buf also
for _1ght spACc"nd water. SthdlDG =t InRI (Do Dwtt » et el.
1975 “nd TdDbul ’79) hzve shown that as 1ltt1L as 25 mﬁ of
stwrulng wa tfr drastlcclly rchCeg ”Pcd popul tion (Flg. 9) &

with 150 mm grasses, sedges ctC. may be uff@Cth&ly suppressed.

. A
vl

2 7 Mbthod of wa t‘r ﬁppllcaflon
Ther; are two mcthodb of applylng the requ1red “moun+ of

irrigation wetLr to thn rice fleld

(2) Continuous submergence - the rice field is submérged
from transplanting upto about two weeks before harvest.

(b)-Intermittent irrig-tion - the rice field is =lternately
submerged znd drained. The soil .surface is zllowed to

dry prior .to the next applicatien . of water.
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If has been argued that during thé mbnsoon sesson in Asia,
there 1is plenty of rain water and this is a good justification
for use of uncontrolled or continuous submergence. This Justifi-
cation is open to serious doubt, Although continuous flooding
gives high yield and has other sdvantages like better weed con-
trel, fertilizer efficiency etc., continuous Tlooding not'only
wastes water but also causes serious drainage problems, zinc
deficiency eto.,-eithef because of poor internal drainage or
poor surface drainage (Chow, 1965). Satisfactory rice yields are
being obtained under water saving proctices ‘in rice cultivation,
i.e., intermittent irrigation. Such practices should be encouragsd
and promoted from the point of view of water economy. Neverthe"
less, in most rice growing area, this method has not—yet been
-adopted because (a) it requires = comblete system of irrigation
and drainage involving high cost (b) it needs the services of
‘well trained irrigators and (c) this method can require new
fzrming fechniques and s0il snd water monagement practices which
rre new to those who are still accustomed to the continuous

flooding farming method.

Considering all factors, when water is readily available,
continucus submergenée with SO mm of water is'probably best for

irrigated rice (Barker, 1972).

2.8 Total submergence znd rice yields:
Although the saturation of the root zcne and the application

and maintenance of a layer of water on the field is not only
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useful but is an essential feature of rice culture, rice plants’
when submcrged completely, or eve% partially, for over a certain
period of time, yield loss of erious'magnitudeS'occurs depending
on the stages of growth of crop as well as the duration of sub-
mergence. IRRI studies (Bhuiysan, 1979) show that yield loss due

to submergence. ranged from zero for partially sumerged condition
to 100% for fully submerged contitions at S-day submergence durn-
tion. Greatest yield reduction occured for plants fully'submerged'
during the panicle initiation stagée for all durations of submer-

gence.

The effect of submergence on rice yield is also dependent

on the quulity of water submerging the field.

29 Water stress effects on growth ~nd vield:
In rainfed rice cultivetion, rice fields often become dry

and the crop svffers from veriocus degrees of water stress. 1t

was mentioned earlier that rice crop thrives best if the paddy
ficld is always submerged or if the scil is always saturated.

When the soil becomes dryer day by day, the rice plant begins

to be stressed, and the cumulstive =zmount of stress is feflected
in tﬁe yield. This had led to the definition of the 'stress day
concept' for rice. The point of reckoning is when water disappears
from the field's surfaqe; After 3 intervening dé&s stress is being
‘&ccumulated which is iﬁvérsely related.to yield (Farly, 1979).

At this stage of wanter stress initinl cracks are developed on the I

field. The stress day enumeration system counts the fourth day
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after woter disappears as stress day number one, the fifth day

as number two ete,

The offects_of moisture stress nre widely believed to be
nore pronounced at some growth stages than others. Water stress
réduces crop yield much more when it occurs ddring these criti-
cal stages. Experiments were conducted at IRRI (Okamato,1977) +to
impose woter stress on the growing rice crop at differing growth

stages. The results of these experiments indicated that continuous

ous flooding (no stress) gave the highest yields followed in
crder by early stress, stress from the begining of panicle initi-
ation and late stress continuing to harvest (Fig. 10). Early
stress was found to be significantly less damaging to yield than
either of the late stress periods. Matsushima (1962) reported
that rice is most sensitive to water stress from 20 days before
heading to 10 days after heading. Similar studies by Wickham nnd
Reys (1973) at the IRRI farm showed that the period of penicle

initiation is the critical moisture sensitive stage.

In order to investigate the effécts of water deficit in rice
field,experiments conducted (éingh and Early, 1979) show that'
water application rates below L mm/day results in practically
no yield. The 5 to 7 mm day range was fOund-to be the critical
range of ‘sharply declining yields. From 8 mm/day to 9 mm/day
applic-tion rates) virtually no additional yield increment Was
obtained (Fig. 11}, The vield response to these treatments revenls
7 water requirement limit below which the yield is sharply

reduced.
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Current research rcsults (Halim ﬂnd.Khan, 1978) in order to
quantify the stress developed, indicate that soil moisture tens-
ion as low as 15 centibars was enough to rsduce the grain yield
of rainfed rice. At a soil moisture tension of 50 centribars
(1 bar = 1 dyne/cmz, 1 atmosphere = 1.0132 bars), the vyield of
most rice varieties may be as low as 4O percent of that obtained

for flooded condition.

2.10 Varieties of HYV rice and water requireﬁent:

The impact of varieties of HYV rice on water requirement. was
studied at the BRRI (1980). The study indicates that rice varicty
has no significant impact on water rcquirement. It is the dura-
 :tion of the crop growing period and not thé variety of ricelgrcwn

that influences the crov water requirement.

2.11 Water management in rice cultivation:

Levine (1970) stated that traditional irrigated systems in
southeast Asia tend to supply an overabundaﬁce of water ralative
to actual needs. The situation is best illustrated in Fig. 12
which shows the relationship between water requirement and the
level of water control. The wet season water requirement is
assumed to be 650 mm on heavy clay with limited percolatién{ The
quantit§ in excess of 650 mm in Fig. 12 is identified as losses,.
The poorer the control of water the higher the system requirement

and lower is the water utilization efficiency.
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CHAPTER - III

EXPERTMENTAL METHODS®AND DATA ANALYSIS

3.1 Experimental site:

The experiment was set-up at the farmrof the Bangladesh Rice
Resenrch institute,'Joydebpur (2uOOO.O'N_latitude and 90°26.17E"
longitude)}. The area lies in the scuthern part of. the Madhupur -
tract. Most of the terrace is flat in relief, except where stre-
ams have cut across it. The area was selected for ifs high topo-
graphy not subjected to the annual flood. Apart from that all the
.research facilities available at the BRRI wére also made avaiiablc

for the study.

3.2 Soil classification:

The soil of the area belongs tc¢ the 'Red-Brown Terrace' séil
gfoup (UNDP - ?AO, 1971). For the dctorﬁination of the textural
characters of the scil, samples were collected from the project
area and analyéed in the 1abdratory. The composition of the soil

was found to be as follows (Fig: 13):

20
68

Percentagze of sand

Percentage of silt
Percentage of clay = 12
For the =zbove mentioned percentiie~composition the soil was iden-
tifieg to be silty loam soil on the basis of textural classifi;

cation of the U.S.Department of Agriculture (U.S.D.s),
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3.3 Experimental trestments:
3.3.1 Aus season:

During the Aus.season a total of 8 plots, each measuring:
6mX 8min size, were used to represent L trestments esch
treatment haVing 2 replicntions. The description of each

trestment is as follows:

(2) Treatment T,: 25 to 50 mm standing water in the plots
with ap@lication of wonter wheneﬁer the water levels fall
below 25 mm,

(b) Treatment T,: Rainfed, with woter application to make
the plots saturated at the formation of initial cracks.

(¢) Treatment T3: Rainfed, with wqter application at = stress
_of 20 centibars to make the plots saturated. Stress
(tension) to be measured with tensiometer.

(d) Treszatment Th: Rainfed condition.

The field layout map of the expérimental plots is shoﬁn in

Fig. 14.

3.3.2 Aman season:

During the Aman season fﬁe transplonting date was stéggered
by 10 déys to see the effect of transplanting date on the yield
under rainfed conditions. The treatments under the first and

second transplont are as follows:

15t Treatment

" Tre~tment T,: 25 to 50 mm standing water in the plots with
application of water whenever the water levels

fzll below 25 mm.
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Treﬁtment T2: Rainfed, with 25:to'50 mm standing water from the
reproductive stage, Water would be applied when-
ever the water léfel falls below 25 mm from the
reproductive stage. Water would be spplied to keep

the plots saturated at the formation of initial

cracks at the vegetative growth period.

ITreatment T,: Rainfed, with water anpplicntion to make the plots

3

seturated at the formation of initial cracks.

Treatment TM: Rainfed condition.

2nd Transplant

All treatments of 1st Transplant except ’1‘1’*eatmelm.‘t;"T-2 were

performed.

Two plots (Plots 3 and L) were kept under 25 to 50 mm stande -
ing water withgﬁt being planted. The field layout mep is shown
in Figs. 15 and 16. A spacing of 1 metre was kept between the
expérimental pleots and a 2 metre wide spacing was kept in betw-~
zen the rows of plots for conveying irrigation water (Fig., 17).
Experimental plots were 6 m X 8 m in gize and each trestment was

replicated twice.

3.4 Land preparation:

- The experimental fizld was ploughcd with heavy harrows 2
weéks prior to transplantation. The clods were broken into sm=ll
picces and the stubblés were removed from the ficld, Puddling was

done before dividing the blocks intc final treatment plots.
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DPuring tﬁe Au? season no irrigation‘water was necessary for the

land prepara%ioﬂland puaaiingl A total of 261 mm of rainfall
 occured during the 2 week period prior to transpléﬁting at thot

time. During the Aman season 2 -total of 163l5.mm of féinfall

otcured during ihe fwo week period prior to the 1st.. transplant-

ing. A total of 62 mﬁ of water was aopplied on the plots to keep

a depth of 50 mm of water at the time of transplanting. No water

wns necessary for the 2Znd transplant because a fo%éi of jOu mm
occured during the peridd before transplanting and 76.3 h@ﬁon the two
two days before transplanting which helped in maintdining.ﬁ'depth

of 50 mm on the day of transpiantation.

3.5 Fertilizer applicetion:

All the exﬁerimental plots with different irrigation treat-
ments were given the same amount of fertilizer and at the samng .
time. The fertilizer application rate was 80:60:40 kg/hectre of
Nitrogen, Phosphorus snd Potassium (NPK),‘iﬁ the form of Urea,
Triple Super Phosphate (TSP) and Muriate of Potash (MP), All the
TSP and MP and 50% of the total Urea were aﬁpli@d before trans-
‘planting the séedlings. The rest 50% of the Urea was, applicd in
two ecqual parts z2nd at equal interfals of one month aféer trans-

planting.

3.6 Transplantation of scedlings:

The experimental plots of the Aus season Qere transplanted on
the 16th June, 1980 with 26-day-o0ld seedlingé of BR-6 (IR-28) -
variety of HYV rice. During the Aman season BR-l variety of HYV

.. rice was transplanted on all the experimental plots. The 1st
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transplantation was completed with 23-day-old seedlings on 2nd
‘August, 1980. For the staggered thansplantation treatment,
2Z-day-old seedlings were transplanted on 10th Augus§,1980:

AT the time of transplanting two seedlings per hill Qere trané—
planted with a spacing of 15cm between hilié\and 25 ¢z between
rows. In order to establish the seedlings plots of all the
treatments of both the Aus and Aman seasons were flooded to a
depth of 50 mm after the transplantation, All subsequent appli-
cations of Watef were in acéordance with the treatment specifica-
tions. A 152 ﬁm hiéh bund was gradually constructed along the
.periphery of each plot in ofder to hold the water inside the

plot.

3.7 Experimental set-up:

For the purpose of the study, rain gauge and evaporation pan
were installed near the experimental site (Fig. 18): Inclined
meters (Fig. 19) were installed on all the plots with 25 to 50 mm
standing water (Treatment Tq)-botﬁ during the Aus and Aman sea-
sohs; During the Aman-season inclined metersggeEEﬁa%SQyiﬁéfﬁlledm
on the plots that were not planted (Plots 3Aahd L) (Fig. 20), The
inclined meters had 2 slope of 1:5, Bamboo sticks gradiiated in

centimeters were placed on the plots withltreatment T, so that

1.
water depths can be obtained from them direétly and also to
facilitate application of water whenever the ievels of water
fall below 25 mm (Fig. 21). Amount of water app¥#ed to the plots
was measured with Parshall flume (Fig. 22). Rainfall and evapora-

tion were cbtained from the rain gauge and the evaporaticn pan.




32

The daily inclined meter reading gsve the evapotranspiration,
seepage and percolaticn and surface drainage. Daily rainfall,
eveporation and readings of the inclined meters are shown in

Teble 3 and L for the Aus and Aman seasons.

3.8 Other experimental obsservations:

3.8.1 Weed growth: No significont weed growth was observed in

any of the experimental plots both during the Aus and the Aman
seasons, Removal of weeds from the plots were not necessary
during the crop growing seascns. During the Aman season unplanted

plots (Plots 3 and L) had = light growth of weeds (Fig. 20).

3.8.2 Insect and disease attack: During the later part of the
vegetative growth period of the Aus season pest_(Hispa) attaék
Wi observed on all the experimentzl plots., Accordingly Carbicron
was applied on all. the plots and it wes found to be effective in
controlling Hispa. Ziﬂc deficiency was observed in 2ll the plots
of the experiment during the vegetative growth period of‘Aus and -
Aman secsons. The.extent of the deficiency was modefatélin plots
17 ond 2 of the Aus season and severc in Plots 1 and 2 of'the
early (1st) transplanted fields of Aman seaSoﬁ; During the Aus
sexson Zine Sulphate was applied on all the plots and was found
effective in covering the deficiency. But during the Amzn season
Zinc Sulphzte could not be procured immediately and as such all
the plets were drained and dricd to roeduce the extent of the
attecck, Zinc  Sulphate wes applied l2ter on the 10th of September

on 21l the plots. The Zinc. deficicncy reduced the number of
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t111ers of Plots 1 and 2 significantly which was found to be
unrecoverable. At the ripening stage of the 1st transplanted
Amzn, plots suffered from False sput (fungal) disease. In a count
12.5% of panicles were found ~ffected and in the panicles, affec-

ted grains varied from 2.3 to 5.2%.

3.8.3 Maintenance of bunds:

Bunds constructed along the periphery of each plot required
mrintensnce (re-shaping). It was observed that for rainfall
exceeding 25 mp per day, the peripherial bunds were worn down
by the roinfall and required maintensmnce the day after the rain-

211. The bunds were’ r»conqtrucbea end reshaped with soils of
ndjacgnt areas of the plots. Typical bunds are shown in Flg 1?

rnd 20:

3.9 Horvesting:

The Aus cron was na rvested on the 5th of August, 81 dqys
cfter transplantation. Prior tc harvesting water was drained out
frém theplots on 24th July in order to initiate maturity.” The |

total life cycle of BR-6 during the aus season was as follows:

o : - e e —m—————

Plant - _Plant life Total plant
Dete Growth . betwesen ‘ life
. stage : : stages (days)
(days)
20 April Seeding - -
16 May Transplanting T 26 -

5 August Harvesting | 81 \ 107
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During the Aman sexson st (early) transplanted crop was
harvested on the 8th of December. The 2nd (late) transplanted
crop was horvested on 20th December. ATl weter was droined out
from the plots on the 16th and 28thmof Novembar respectively.
The total growing periocds of BR-l during the Aman seﬂéon were

as follows:

1st,Trénsplant

Plant Plant life  Total plant
Dete Groewth hotween life
- stage stoges (days). .
(days)
Sth July Secding S - ;-
2nd fugust Transplanting 23 B L=
8%h December Harvesting 129 . 152 -
ond Trangplant
Plant - Flent 1ife  Total plant
Dﬁfe Growth ) botween life
- stage strges (days)
(deys)
19th July Secding - | -
- 10th August Transplanting o227 -
- 20th December - Harvesting 132 : - 5L .

Lfter threshing snd drying the grains, yield =nd the corfes~
‘ponding grain moisture content were determined for each bfutﬁe-
treatments. The yield was then converted to the stendord moisture
content percentage (14%) by multiplying with a correction factor.‘
The yizld data during the Aus and‘Aman seasons are shown in

Tzbles 5 znd 6.
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3.70 Analysis of Data:
3.170.1 Rainfall: |

Rainfall data from 1902 to 1974 for the Joydebpur station
and 197 tc 198C from the BRRI weather station weré "dtudied -
in order to quantify the amount of crop water ré@@fﬁément
available from rainfall. The probabilities of 5fffé§ént amounts
of rainfall ot Joydebpur during different montHs 8f the year'
were determined (Manzlo, 1976). The mean monﬁhiy raihfall and
the amcunts of rainfall and their prcbebilities are given in
Trtle 7 and Figs. 23 and 2L. Study of the figures aﬁd tables
reveal that prébability of‘EO mm of rainfall is only 8% in
Janunry, which increases to 50% in Maréh and 100% in June, and
stoys near that level till September and then falls to 9% again
in December. Probability of 100 mm of rainfall in'January is
only 2%, in April 67% and in June 100%,'wﬁich falls to 7% in
November, Still higher rainfall (150 mm to 350 mm) are concenﬁraw

ted during the five months pericd from May to Octoberﬁ

3.10.2 Bvaporation:

Evaporation data were collected from the pan installed near
the experimental plots for the Aus and fman seasons. Observations
show that meximum -evaporation during the Aus season occurecd in
the month of June (6.03 mm/day). During the fAman season, the
maximum evaporation of L. 89 mm/day occured in the month of
fugust., The evoperation decrensed to 2.53 mm/day in the month

of Nevember (Table 3 and L).
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3.10.3 Scepage and percolation:

Séepage‘and percolation losscs during the Aus and Aman
sengons were deteérmined from the daily inclinced meter rezdings.
From the.water balsnce approach'seepage znd percolation was
obtained Ifrom the equation:

wD - WD, - 3

t-’?z L + RN - ET e

5 &P =
where, t refers to the doy of wmeasurement

WD inclined meter reading of the plot

ET = cvzpeotranspiraztion at time t

RN rainfell at time t

Z = slope of the inclined meter.

During the /fus season, considering évapotranspiration equsl
Lo evaperation; seepage and percol:oticon losses varied from 2.32
rr to 3.68 mm per day (Table 8). For the fmen saszson seepage and
percolaticn losses were found te very from L.68 mm te 5.23 mm
© per day (Table- 9). Secpmge and percolation during this pericd

wag cbtained as follows:

- WD

t-1 t
S &P = = + RN - EV
Z .
where, WD = inclinzd meter reading of the unplanted plct and
EV = evporaticn at fime t.

3.10.L Evapotranspitotion:
Evapotranspirstion during the Amzn season was calculated by
subtracting seepsge and percelation from the inclined.meter read--

ings instnslled on plots with‘Td tra&ﬁmenﬁ, Evapotranspiration

PR
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varisd from 2.51 mm toc 3.0L mm per day (Table 9) during the

crop grewing pericd.

3,70,.5 Supplementary irrigation: ,
Suﬁplamentary irrigation water was appli.d to the plcts wifh
different treatments as per conditions specified in the trect- -,
ment, The smount of water applied to different plots and the
corresponding crop growth stages during the Aus and Aman Sessons
sre shown in Tables 10 and 11, During the Aus season twc irrign-
tions were required for the treatment Tq, oﬁe with §§‘mm of
water during the vegetotive gfcwth and the cther with 36 mm of
water during the generative (reproductive) growth period. For
-the Treatment T2, only one irrigation with 4 mm of water® was

necessary during the vegetstive growth pericd.

During the Amsan season the 1st (early) transplanted plots
required a tetal of 203 mm of water for the treatment Tq, 29 mm
for the treatment T2 and 7.2 mm for the treatment T3. A11 the
treatments required an additicnal 62 mm of water for land pre-
par~ticn. The 2nd {(lste)transplanted Aman crcep required a total
cf 572 mm of water for the treatment T, and 14 mm of water for

1

the treatment T2' 4 total of 389 mm was applied in the plots

7ith trectment T,| during the drought period of cruep's- ripening

stage.
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3.710,6 Water requirements and yields:
From the water balance equatiun,'the water requirement was
determined as f@l}@Ws:

water-requirément = Rainfall + Irrigatian = FET + 8 & P + SD
+ water sterage changes.

Assuming that water storage does not change significantly
cver a seascn the total water requirement for different treat-
ments for the Aus and Aman seascns are shewn in Table 12, The

szme table alsc shcws the vield, in tons/hectre under different

‘treztments and water requirements.

The maximum water regquirement of 905 mm for Aus seasocn cccurced
for tfeétment T1(2S tc 50 mm standing waterj;‘bﬁf the maximum
yield of 3.73 tons/hectre was found for treatment T, {rainfed
with saﬁﬁrafion tréafment),lfor Aman seascn the maximum water
requirement and the maximum yield occured for treztment T1
(55 te 5O mﬁ standing gatérj; A total of 1253 mm of water was
required end a yield cof 7.86.tcns/hectre was feund_fpr chis
treatment,. The yield = water reqﬁircment curve fof the Aman

senson is shown in Fig,. 25,
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RESULTS AND DISCUSSIONS

L.t Supplementary irrigation and yield:
L.1.1 Aus season:

Transplanted on 16th May, the crop tock 81 days to be harvest-
¢d, the total 1life cycle being 107 days. During the Aus seascn
the treatment T, (25 to 50 mm standing water) required 69 mm of
irrigaticn water, 33 mm at the vegetative growth periocd and 36 mm
2t the generative (reproductive).growth pericd. The treatment T,
(saturated) required ocne single irrigation at the vegetative
growth period in which L mm of water was applied to keep the
plots saturated (Table 10). From Table 5, it is evident that
supplementary irrigatiohaJof treatments T1 and T2 resulted in an
increased yield over treatment Tu‘which was under rainfed condi-
tion, although the percentile increzse in ylcld is nct very high
(8% ﬂnd 12.48% respectively). The treatment T, gave a higher
yield in comparison to T1, moest probably because shallow depth
and drainage {but nof stress) are preferable after the roctage
stage of the vegetative growth pericd, which cccured in the
former treatment. The yield of treatments T, and T2 are not
significantly higher than Tu because three days and cne day after

the application of water in trestments T. and T2 a rainfall of

1
10 mm occured, which released the stress that was developing in
the rainfed plct. The treztment T3 tﬁrned out as a rainfed treat-
ment because during no paft of the Aus seascn a stress of 20

centibars occcured.
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Foer the Aus seagon of the study pericd the total smount of
rainfall was much more and the distriﬁution much uniform than
which is expected in a ncrmal year. A total of 8L2 mm of rain-
f21l occured during the crop growing pericd which is 1.3 times
greater than the nermal crop requirement. The amounﬁ of rainfail
that is ekﬁected at 50% prebability (1 cut of two years) is 812

Min .

”71’2 Aman Season:

‘ During the Aman scason the transplantaticn date was stoggered
by 10 days is crder to sec tﬁe effect of late transplanting un
the supplementary irrigaticn water requir“menté. The two trans-

plantation cases would be discussed seperately:

}.1.2.1 First Transplantaticn:

- Transplanted cn 2nd August the crop tgmk'129 déys to be
harvested, the tofal 1ife being 152 dnys (145 to;160 days is

the normzl range, BRRI, 1978). The treatment T1 (25 mm to 50 mn
standing water)'required 265 mm of suppiementary i?rigaticn,
fwc.iﬁ the vegetative growth, one during the revﬁoauctive growth
andthrée in the ripening pericd (Table 11). The treatments T,
and T3 (saturated)} required 29 mm and 7.2 mm of ifrigatich wnter
in additicn to the 62 mm required for land prepardfibn. A1l the
treatments ¢f the first transplanticon suffered frahzzinc defici;
ency during the vegetstive growth period and the attack was
severe in the plots with treatment T?. A1l the plots were treated
with Zinc Sulphate but plots 1 and 2 with treatment T1 cculd not

recover the deficiency. Tillers were considerably reduced in
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these plets which ulitmately affected the vield (Table 6); Ameng
the cther three treatments the tre:tment T3 gave the highest

yield ¢f 7.68 tuns/hectre. The yield of tresatments T, and TLL

(rainfed) were scmewhat equal.

L.1.2.2 Seccend Trénsplantationz
ITransplanted 10 doys after the first transplantation, the

total growing period of the crop was 15l days. The total amsunt
¢ supplementary irrigzticn water‘required fer the tre:_-";tm@nt'T,I
(25 to 50 mm standing water) was 572 mm of which cne was at the
vegetative growth stage, one at the reproductive stage and elaven
were 2t the ripening stage. The trestment TZ(saturated) requiraod
Uely mm of water to keep the plots satureted during the total

growing period.

-buring:the Amen senscn, ne rainfall occured after the 22nd'af
Octcber when the Cr-p wass &t the end of the flowering stage, A
long drought of sixty days upts the harvesting pericd resulfeq
in & coensiderable decrease in yield for the rafﬁ@@d ﬁreatment T3;

From Table 6,. it can be vbserved that o 71% increase in yield

reSulted in treatment T,J over the rainfed treatment T3' For
treatment T2 the increase of yield sver T3 was 57%. N

From Table 11 it can be seen that the trectment T, (25 to 50
mn standing water) required frequent irrigations during the
drcught period. This was because of the cracks, that were devel:«-

ped ¢n the clay covered bunds constructed alcng the periphery of
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the plcts due to the long period of drought. Through these
cracks excessive amcunt of applied irrigaticn water ran off

the field,

During the Aman seas'n a tutalrrainfall of 783 mm cccured
during the 1st transplantation pericd which is 87.5% of the crop
woter requirement. For the 2nd transplantation-the amount of
rainfall was 692 mm which is again 77% of the creop water require-
ment. The am.unt of rainfall that is expected during the crop
growing pericd at 50% probability (1 cut of 2 years) is 710 mm

which is about 79% of the cro °p requircment during the Aman sesson.

From the above discussi.ns it is evident that supplﬁmhntaly
irrigatin is 1nev1tab1b in crder tq cbtain cptimum yield from
Lus end Aman crops. The magnltude cf increase durlng the study
period veried from 8% to 71% vver rainfed conditicn under diffe-

rent treatments.

4.2 imcunt of rainfzll and water regquirement:

Puring bcth the Aus and Amon Seasmns it was cbserved tha%
rainfall in excess ¢f 25 mm per day can not be properly
retained in the pl t qnd has 1little use towards crop growth.
Figure 26 shows the rzlaotion between the smount of ranfall in
excess of 25 mm thot cccured during the 4us and Aman seasons and
the corresponding smount of water dépleted froem the plots. The
main reason behine this high less of water is the excessive rain-

fall which wears down and washes cwsy the peripherial bunds.
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Heles made by earthworms slsc increascs the magnitude of the

lcoss,

Crn51der1ng the heavy loss thut weccurs due tc excessive roin-
fell, inclined meter readings for the (ﬁys with rainfa1] in
excess Qf 25 mm were discsrded for calculsting seepage and per-
celztion, With the scepage and percoloticn losses determined and

aperation assumed equal to evapotranspir=tisn the water requi-
-rement for the tofal growing season snd for differsnt menths «f
the growing season for Aus and Amon Creps were obtained and are
shown in Table 13 znd 14, The Wﬂter requircment for the Aus and
Alizn sensons were determined as 643,71 mm and 893.8 mn respecti-
vely. It was assumed that 1071 mm of water is necessary for land
preparaticn and the surface dr=inage is negligible. The water
reguirzments cbtzinsd were studied in detail with different

reinfell probzbilities as will be discussed later.

Iy.3 Supplementary irrigéti&n requirement'for-cther years:
All available rainfsll dota for the Aus and Amsan sezsons
2t the BRRT fafm area were collected ond analysed. Assuming that
1l the reinfell is svailable te the cerps, the observatigns arc
as blloWSr
(a) Aus season - Out of four years cvails=ble data from
197&—79, it was mbServed thot supplementary irrigation
wias required for three yenrs. No irrigatisn was necessary
fer the year 1978. The emount of irrigaticn-znd the crap
grewth stage when it was necessary is shﬁwn in Table 15
=nd Figs., 27 to 32. The amcunt of irrlg tlon varied from

25 mm to 228.6 mm.
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(b) Amen season ~ Of the six yvears {(197.~78) analysed data
shown  in Table 16 "supplemcntory irrigation was required
for five years. Neo irrigsticn was necessary for the yea?:

e
1975. The amount of irrigation veri.é frem 51 mm to 178 fim.

The above analysis was done with water budgeting technique,
considering the daily rainfall and the corresponding crop water
requirenent (due consideration being given to crop growth stage)
and assuming that the total amount of daily rainfall is availablc
for crop growth. The assumptiqn is not very true (as mentioned in
Art. 4.2) since it was experimently determined that most of the
water of rainfall in excess of 25 mm runs off the field and is
not available for plant growth. Thus in practice the actual
amount of irrigation water required -for the analysed years woul:l
be greate. than the calculated values shown in Tables 15 and 16.
boli Risks involved with rainfed rice cultivation:'

From fhe aﬁaiysis‘of monthly Qater'reéuiremeﬁfs and fhe
corresponding rainfalllprobabilitiés (Table 7,:Fig;'2h) duriﬁg

the Aus and Aman seasons, the following observations can be macie s

(a) Aus season .- During the total Crop growing period, ' the
rainfail is never sufficisnt to meet-the. total crop water
requirsment. The probabilitiecs of obtaining the monthly
water requirements from rainfail increase from 50% in May
to 90% in July thereby idecreasing the supplementary irri.
gation requirement from 108,32 mm in May to 17.43 mm in

GO July, the total irrigation amounting to 183.7L mm.
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(Table 17 and Fig. 33). The amount of irrigation
required during the total growing period at rdlnfall
probabilities of 50% (1 out of 2 years) and TSA (3 out
of i years) varizd from O to 66.65 mm and is shown in

Fig, 34 and Table 17.

(b) Aman season - Analysis of monthly water requirements an®
the corresponding rainfall probabilities (Table 18) show
that, during this season also rainfall has to be supplz-
mented by irrigation in order to meet the total crop
water requirement. The probabilities of rainfall are lower

' than that of Aus season and still higher supplementary
irrigation is necessary for optimum yield. The rainfall
probabilities decrease from 70% in August to 15% in Novem-
ber and the total amount of irrigation required for the
1st’ transplant is-439.96 mm. For' the 2nd’ transplant the
rainfall probabilities decrease from 80% in August to 0%
in’ November. Amount of irrigation. water roquired s for Znd
transplant-is L87.L mm. imount of ‘irrigation water requir-
ed at rainfall probabilities of 25%, 50% and 75% are 67.4
mm, 167 mm and 309 mm for thE lst transplantatlon as shown
in the Table and Figsn 33 and 3&. nmount of 1rr1gatlon
requifedrfér thé sane ralnfall probabl‘ltlcs for the &nd

transplant are 137 mm. 237 mm and 36& i rLspoct1VO1y.

4,5 Transplantation date and supplementary irrigation:
From bqth experimental obserﬁation and probability analysis

it was determined that water stress Jdevelops in the rice fields
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from the later part of the fAman season when the crop is at the

end of the flowering stage or at the begining of the maturity
stage (from mid October, Table 18) which seriously affects the {
yield of rainfed crop. 1f the crop is trénsplanted earlier (at

the end of July or begining of August) then the crop can be

saved from the drought occuring at the end of the season. Early

transplanted plots may alsc face water stress at the vegetativé
growth pericd but studies have shown that early stress of water
is less detrimental to crop yield in comparison to late stress

which Jdevelops at the ripeniné stage of the crop éfoﬁth,

li.6 Prospects of Aus and Aman as rainfed crops:
From.rainfall probability analysis of fAus season (Table 17)

?ﬁ A it is evident that Aus crop can be grown as a rainfed crOp:with
supplementary irrigation required in one out of four years, Al-
though the probability analysis shows that there is only 50%
chance of getting the total water requirement during the first
wonth of the crop growing period from rainfall, this earlv stress
will not seriously affect the yield as the probability of getting the
the reguired rainfall increases to%90% curing the last months of
the crop gfowth. The need for supplementary irrigation during the
Aus season will afise from the lan? preparation since only 50% of
the total water requirement at the initial growing stage can be

N expected from rainfall.

Aman crop can not be grown as rainfed crop and requires about
LLO mm of water (Table 18) from irrigation to mest the water

requirement (9% of the water reguirenunt). Probability studies
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show that Aman‘crop,requires suppiementary irrigation in three
out of.four”yearsj-Probabi}ity studiés also show that by delay-
ing the transplantation ehough water for land preparation can

fbé made available from'rainfail (70% in August “for st transplant
to 80% for 2nd transplant), but delayed - -transplantation leads to

serious water stress at fhe-ripcning stage of crop zrowth.
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CONCLUSIONS AND RECOMMENDATIONS

541 Conclusions and recommendations:

The following conclusions and recemmendations can be

nade from this study:

(a)

{b)

Increase in yield of rice varying from 8% to. 71% was
obtained during the study period for different irrigation -
trﬂatments over rainfed condition. The pe rccntage of
increased yisld depends upon the stage of Crop growth at
which the 1rr1gatlon 1s neCCb%ary, the percentagL bdlnb
higher for 1rr1gatlon with late stresses than early
stresses,. LI Ly
Aus'qﬁﬁiﬁman~gp1tiyati©n.shopldjngx-be practised under
rainfed condition as rainfail probsbility studics with

last 72 years data have shown that rainfall is never

COSUERTETent S o et the drop water requirencnt, Supplemenm

'”ﬁtéfy:iffigatiéhléahlﬁake‘thése=cr0psﬂmore~re11able and

nsur a'dﬁDEhdablL vicld. The amount of sSupplementary
1rr1gatlon requ1redlvarluq‘f:om Q_tq”§6,55 mn for Aus
season and.67 nm fo BOO mm for tﬂC-AMdh season w1th raln—
fall prooabllltlos VuTYlﬂ Irmm 25A to 75A The supplaw
mcnta“y 1rr1gatwon requ1fgd durlné the qtudy DLTlOd wagr

69 mm for ﬁL“ season, 203 mm and 572 m for ﬁst and an

t;ancplantatJon o; Aman suason Lor the trratWLnt 04 25 rm

to pO ) standlng water on wlots.
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(c) The secpage and percolation losses per day during the

(a)

(e)

study period varied from 2.32 um to 5.23 mm, the higher
value being observed during the drought period of the

Aman season.

The water requirement for the Aus and Aman seasons were
found to be 643 mm and 893 mm respectively with negligi-

ble loss due to surface drainage. The loss due to surfaces

drainage is a function of the amount and duration of rain-

fall, the amount of loss being considerably higher for
rainfali exceeding 25 mm in a day. Actual water require-
ment during the study period were 905 mm for Aus season
and 1253 mm for Aman scason for the tf@atment of 25 mm to

50 mm standing water in the plots.

Since droughts occur almost invariably at the end of Awman
season i.e., November (probability of 50 mm rainfall is

only 25%)when the crop is at the begining of ripening

stage, transplantation should be made as early as possible

in order to save the crop from the late water stress.
Early transplantation will alsc considerably decrease the

supplementary irrigation requircment.

Aus rice has a better prospect over Aman rice as a rain-
fed crop.Aus crop may also face drought during the early
part of its growth, but will have =z more dependable rain-
fall during the léter part. Early stress has been found to

be less detrimental to crop yield than late stress.
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(g). The treatment T,, i.e., rainfed, with water application
g 2

to make the plots saturated at the formation of initigl
cracks,,gave a yield performance very much close to the
standing water treatment, but required a much smaller

amount of supplemental irrigation. This treatment can be

practised instead of the normal continuous flooding 1n

'order to reduce the amount and cost of supplementary

irrigation.

5.2 Scope of further study:

Although the need for supplementary irrigation and its

importance for an “optimum yYield during the Aus and Aman seasons

have been established there is still a scope of further studies

on the following aspects:

(a) The conclusions made from the study are based on the

(b)

eXperimental findings of one season of Aus and Aman crop.

In order to establish the’ findings of the year's obser-:

vations it is necessary that the whole study be repeated

for a few more years and at different hydrological zones

in order to arrive at a definite conclusion,

A rigorous economic analysis of the cost of supplemental
irrigation and the corresponding return from yield at
farmer's level is needed in order to motivate the farmers
for applying the supplemental irrigation. This is impor-
tant becsuse, unless the benefit-cost ratio'(BCR) appears
feasible to farmers, the concept of supplemental irriga-

tion will not be accepted by them.,
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(¢) The practicable and economic method of supplemental
irrigdtion still remains undetermined, Since Aus and
Aman crops are gfown'during the monscon seabon Wﬂeﬁ
surfacé'water is readily available aﬁd:thé grouﬁdWafer
level is close to'gyound'leVei.thelﬁroblém is different
from dry season irrigé{ion. All the Qonvenfionél methods -
‘¢can be studizd for findinz a reasonable solufibn, Irri-
"gatién by traditional methods or hand.'tubswell (HTW) may
prove to be more cconomical because Aus and Aman'qyops

are predominantly rainfed and requires a small portion

of their water requircments from irrigation,




52

REFERENCES

!
B

Allison, S.V. and Jalal, K.F. 197), Irrigation Development
-in.Bangladesh: American Society of Civil Engineers.
Journal of~the,Irrigation,and Drainage,Diﬁision,
Vol. 100, No. IR-1. i

‘Barker, R, 1972, Research Relating to the Economics of"

Irrigation in Rice Production.. Irrigation-andhh
Drainage. Paper 12, FaOQ. '

- Bhuiyan, S.I. 1977. Irrigation Water DQVelopmént and

Management in Bangladesh: Problems and Prospects. "
Proceedings of the National Seminar on Watef
Management and Control at the Férm Level. Govt. of
Bangladesh & FAQ., .

Bhuiyan,. SgI..1979.'Drainage Consideration for Agricultural

Lands in the Humid Tfopics. Engineering and Management

Concepts in Irrigation Water Management.hIRRI,

Biswas, M.R. ang Ald, M;F. 1976. Determination of Consump-
tive Use of Water for IRRI-8 Paddy. Bangladesh Agri-
cultural University. " |

BRRI, 1978. Adhunik Dhaner Chash (Modern Rice Cultivation)

BRRI, 1980. Internal Review for 197,-79. Division of Agri-
cultural Engineering (Unpublished).

Chow,L. 1965. Rice lrrigation. American Society of Civil

Engineers. Journal of the Irrigation and Drainage
‘Division, Vol. 91, No. TR-3,

De Datta, S.K. et al. 1975. Water Management Practices in
Flooded Trepical Rice. Water Management in Philippine
Irrigation Systems: Research‘apd Operations._IRRI;f




.

20.

21%.

22.

\"]
(VS

2l .

25.

26,

27"!'

54

Okemato, M. 1977. Optimal Water Application at Farm Level
for Rice Irrigation. Proceedings of the National
Semiﬁar on Water Management and Control at the Farm
Level. Govt. of Bangladesh & FAQ.

Oury, B, 1972, Rainfall Analysis. Technical Report No. 23,
Bangladesh Land and Water Resources Sector Study.
international Bank of Reconstruction and Development.
Washington, D.C. !

Planning Commission. 1980. Draft Second Five-Year-Plan.
Government of the People's Republic of Bangladesh.

Singh, V.P. and Early, A.C. 1979. Crop Water Yield Relation-
- ships. Water Reguirements, Agronomic, Soils and Yield
Response Concepts in Irrigation Water Management, IRRI.

Reyes, R.D. and Wickham, I.H. 1973, The Effect of Moisture
Stress and Nitrogen Management at Different Growth
Stages on Lowland Rice Yields. Paper presented at the
ch‘ScigntificlMeetinglof CSSP{

Tabbal, D. 1979. Methods:iof Surface: Irrigontion.- Englneerlng
.and Maragement Concepts An- lrrlgutlon Water Managemont.
IRRI. - k

Terafdar, M.R. 1977, Water Management and Control in Trri—
gated ‘Agriculture in Bangladeshy Procesdings of the
Nétional Seminar on Water Manageément and: Control at
the Farm Level., Government of Bangladesh & FAQ.

Tsutsui, H. 1972 Water Mandgement and Requirements for

Rice -Cultivation Under Different Irrigation Methods
and Cultlvqtlon Techniques. Irrigation and Dralnage
Paper 12 FAO S




55

28. UNDP-FAQ. 1971. Bangladesh Soil Resources. Technical
Report 3, Soil Survey Progect

29. Valera, F. 1979. Importance of Land Preparation. Water
' Requirements, Agronomic, Soils and Yield Response

Concepts in Irfigation Water Management. IRRI.

30. Wickham, T.H. and Sen, L.N. 1977. Water Management for
‘Lowland Rice: Water Requirements and Yield Responsc.
5011 and Rice Symposium. IRRIJ.




APPENDICES




TABLE 1

ACREAGE, PRODUCTION AND YJIELD OF FOOD GRAINS

i ;

grain):

.- Benchmark , 198h7-:85J5 T - ‘Aw?
~ Area Yield in Production Ares- Yield in ' Production o o
Crops million tons/ " million million  tons/ - ‘million .
acres acre ~tons acres “acre tons
Rice:s .
1. Bus 7.79 0.3 3.10 8.0 . 0.60 . h.83

2. Aman 1..26 0.52 7.2 1,0 . 0,68 : 9.55 .

3. Boro 2,70 0.82 2.2 . 3.0 1.13 - ..3.,0
Wheat 0.90 0.8 0.7 2.5 0.9 . 2.25
Bariey,Jawar, B s
Maize etc. 0.21 - 0,06 0,18 - 0,07
Total(food 25,87 13.53 27 .65 20,10

Source: Draft Second I'ive-Year-Plan of Bangladesh,' May, 1980.
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TABLE 2

EFFECT COF WATER MANAGEMENT TRACTICES ON
THE YIELD OF RICE, IRRI, 1968 DRY SEASON

Weter management practice Total water - Grain
 treatments _ use (mm ) yield
' o (T/n)
1.‘ContinouéNfiooding of 75 m.nm 850 9.72
2. Continuous flooding of 25 m.m 805 © o 9.8Y
= 3. Continuous saturation and
flooding (75 m.m) at panicle
initiation ‘ 780 S.14
4. Deep continuous flooding of ) .
150 m.m ' ‘ 118 8.96
. 5. Con%tinuous saturation . 61,7 g.02

“Source: Tsutsui, 1972,
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TABLE 3

DAILY INCLINED METER READINGS, EVAPORATION
AND RAINFALL FOR THE AUS SEASON

'Inciined meter readings Evéporation 'Rainfall

Date - (mo ) (mm ) (g )
. Plot 1 Plot 2
30 May 1980 10.9L 13.34 .0 - 2.5
3 6.03 ¢.75 - 8.0 C27.4
1 June 12.60 26.00 . 5.0 -
2 10.57 30.77 3.0 11.2
3 10.40 6.40 5.0 -
I 8.60 8.20 7.0 -
5 6.60 8.00 5.0 -
6 3.60 L.0oo 5.0 -
7 .21 25.14 5.0 29.2
8 27.12 10.12 11.0 71 .1
9 - 37.37 2.0 79.4
10 5.97 15.97 3.0 12.7
11 Lly.23 L6.23 5.0 1.4
12 8.05 6.05 - 6.9
13 .23 .32 8.0 20.3
md&'“"”'"7+§;6é'“fﬁ""”59;65':_ e ey
15 16.00. .. 42.00 . 6.0 -
16 - 8.80 £.80 5.0 .-
ma§wmmhm,qgtjémnm.,.éSZBé_ e e T
18 38.19 - 26,39 11.0 12.2
19 17.08 16.88 6.0 5.1
20 +3.52 7.48 5.0 30.5
21 16.60 9.00 10,0 -
22 29.00 9.00 5.0 -
23 9.29 9.40 .0 6.1
2l 0.76 +10.05 - 7.0 9.1
25 13.20 25.00 - 5.0 1.7

+ve value indicates an increase in ‘the meter reading -
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/ u
TABLE 3 {Continued)
) Inclined metef.readings Evaporation HRainfall
Date {mm ) ( mn) ( mm)
Plot 1 Plot 2
26 June 16.60 6.80 3.0 -
27 16.08 - 21.68 13.0 -
28 16,60 - +6,00 5.0 -
29 15.00 8.00 5.0 -
30 .60 7.40 5.0 -
-4 July - 17.40 10.60 5.0 -
2 ' 10.00 18,00 6.0 -
3 5.68 3.68 8.0 11.70
L 1.28 +16.79 1.0 13.20
5 .23 .63 3.0 8.60
6 4. 90 . 5.30 .0 3.30
7 8.65 ~ 8.25 8.0 16.20
& 8 +1.02 2,57 - 20.57
9 L.70 7.70 - 12.70
10 25.51  11.34 - It 30
11 W2 13.62 5.0 7.60
12 12.06 17.06 2.0 1;.00
13 .77 9.37. 6.0 11.20
1L, 6.52 10.52 4.0 8.10
15 15.93 12.93 2.0 49.50
16 20.67 21,07 4.0 52.10
17 35.136 26.76 6.0 0.70
18 29.10 '29.00 5.0 -
19 5.00 7.00 2.0 -
20 38.15 25.15 3.0 57.10
) .29 6.60 - 13.00 2.0 -
22 15,22 . 32,20 3.0 7.60
23 +16.07 15.33 9.0 119.50
10.34 8.1k 5.0 . 2.50

[\
1=

+ve value indicates an increase in the meter reading.
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TABLE 4 .
_ DAILY INCLINED METER KEADINGS, EVAPORATION
p, AND RAINFALL, FOR THE AMAN SEASON ‘
Date Inclined meter readings (mm )_‘ _ ‘_Evg or-: Réin#':é
Plot 1 Plot 2 Plot 3 Plot L Plot 11 Plot?TZ'?tlQ?ﬁi- {dll)
3 . . mm A )
9 August 9.18 - 8.88 10.06 9.53.° 2 7.6
10 15.6L 1.7t 18.63 16,29 8 12.2
11 - 8.93 13.42 12.25 12.83 6 7.5
15 6.7L 19.60 14.66 29.53" Lo -
16 . 4.85  6.57 7.1, 8.86 3 2.0
17 5.22  6.82 4.66 7.52 b 1.7
18 1.25 +9.52 5.81 +11,08 5 12.7
19 L.62 L.04 9.68 12.77 3 1.0
20 0 L4.38 11.36  3.55  1.21 3 . -
21 1.88 3.53 2.88 .37 5 -
o 22 30.53 39.70 L3.49 L2.42 6 10.0
23 11.63 -.25.51 19,87 27.69 3 2.5
2l L0 42,07 2.41  +2.56 - 33.5
25 29.97 25.42 29.97 26.96 20.32 20,05 6 30.0
26 14.86 15.19 25.90 21.52 20.81 15.01 8 8.1
27 13.70 10,20 3,11 9,02 10.92 +11.36 I 17.8
28 16,98  L4.95 13.17 5.8 15.2h . 2L.34 7 27.2
29 18.00 38,00 28.98 35.64 37.30 31.12 b 0.7
30° 0.63 1226 1.11 1.09 1.26 0.60 L -
31 55.64 "32.1L 1B8.61 19.48 23.67 29.22 - 99,1
1 Sept. 36.05 50.05 60.44 55.50 52.79 63.36 n -
2 9.87 21.21 20.66 19.68 27.91 8.90 N -
3 7.59 6.82 21.01%- 12.50 5.33 16.60 n 1.0
| i L.oh 21.23 +6.12  7.87 9.39 6.5 3 L.3
> 5 18.90 24.53 30.06 13.36 - 24,01 9 7.6
6 13.63 33.33 11.11 25.40 - 24.69 L -
11 32.55 38.35 23.24 28.23 28.20 27,22 3 38,1
12 7.10 16.91 17.55 26,79 22,08 27.32 5 -
13 4.50 11.61 19.11 19.96 22.58 15.78 5 -
(T 3.89 15.91 15.87 6.50 0.76 13.00 L 0.7
Ve value indicates an increase in the meter readingi
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s TABLE‘QJ(Cont§§uedz :
Dl inclinédkmé%erifeading%f(mmwy'” Co _Ezgpor— ?aiﬁ—
g}e_ plotl?up;oﬁ 2 Pi??f%;ﬁi?Fi4-Pl°t 1j qup,j%?m$§? (amm)
15 Sept. 5.79 10.10  2.66 19,1 2.03 - 24,29 | -
16 8.29 7.35 8.09 3.5 30.20.°  L.o02 n 6.1
17 10.90 15.k2 12,24 10.22 10.65.  11.65 o 5.6
18 6.83+15.73 + 6.72 +10.47 +6.32.  +6.71 L 29.7
19 5.0L 6.58 5.87 7.48 5.07  18.73 5 2.5
22 .22 AL.L6 16,19 .65 16,76 . 1 6 1.2
23 2.86 10.37  8.L7 5.95 7.36.. 8.87 3 3.8
2l 24.20 +2.30 43.70 L.75 5.86 = +2.23 L 37.8
25 7.00 15.65 11,11 13.67 11.16  12.75 | -
26 3.77 7.83 g:oh 8,32 10.15 7.7 8 1.3
27 31.13 0.58 - 22,03 33.63 8.92 2l .76 n 57.1
28 25.86 35:35 - 2,18 33,50 18.82 2 Lo
29 597 15015« 19,29 12,69 9.71 S
30 2.97 12,92 -« 18,04 10.65 .57 L -
1 October 8i59 5.35  8.79 8.94.-7.36. - 12,17 2 8.1
2 7.6712.93 10.76 10.47.:5.39  g.oL 6 3.6
3 2.35 LSk .22 3.28 2.79 3.03 5 -
L 10.72 5.91  7.78 8.75 9.65 6.6 i 17.8
5 2.66 9.59 6,00 492 7.36 12,3, -
6 12,13 7017 8. 138 6.61 . o0.77 4 17.8
7 6.42 10.60  9.55 11.75 11,16 * 16.80 -
8 26.78'17.70 10.48  7.51 10.95 1.50 - 48.3
9 12.85 23.48 L.00- 19.68 22.08 20.2, | -
10 .95 7.07 13.33 16.13 8.37  14.97 L -
11 - L.3813.13  6.66° 10.39 7.86 10,12 3 -
12 ' 7.68 9.59 822 6.56 7.61 10.12 3 -
13 . 1-72+33.83  6.86 +21.05 8.12  4.17 L -
W '413.00 40.65 2.4, 18.04 7.6 - 2 -
15 11.7541.86 5.33 h.21 9.89 hioh 3 -
16 TU3.91 3,80 12:é6 28,16 26.39  28.3, g -
7 2.19 5.80 333 tiod 3.3 2i22 5 -
18 416 11,73 il Wak3 91,05 15.76 -3 19.8

+*ve value indicates an incredse in the mMeter readihgs.
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Date Ino_liri?zhd meter readings (mm ) Evapor- Rain-
- Plot 1 Plot 2 Plot-3-Flot L, Plot N Plot e ?tlo) fall,)
0 T il o)

19 October1.27.40.61  8.79 2,25 0.52 3.48 3 2.
20 L8.37 LL.78 L45.81 36.91 L1.41 L,3.18 - 57.2
23 18.80 27.27- 22.u, 25.70 29,9, 32.18 5 -
ol 5.95 17.42  9.77 15.58 9.89 16.39 3 -
25 5.6L 19.9L 10.22 15.03  7.61 11.14 3 -
26 3.13 10.10  6.66  7.65 8.4p L.45 2 -
27 3.4L011.11 0 9033 6,01 11,02 .oy 2 -
28 9.40 15.15 10,00 27.34 9.13 L.45 1 -
29 S 3.13 0 - 10.00 - 5.58 6.07 2 -
30 7.05 29.0L  7.77 20.50 8.88 2,.29 2 Z
31 ©2.35 8108 L. 5.46 5,07 2.0z 2 2
T November 7.83 31.06 12.22 28.71 +1.26 19.63 3 =
2 . 3013 22,72 3.33 13.67 7.6 7.69 2 -
3 C3.1312.62 1.11 17,77 20.30 L.o4 3 -
Lo L.70 6.31 11.77  8.20 10.65 z.02 | -
5. 11.28 3.03 23.55 .18 10.15 2,02 2 -
6 5.17 +2,02 9,133 22.42  IL.56 19.23 | -
7 9.87 17.92  7.55 16,02 16.2 3,03, 2 -
8 13.32 22,72 2.22 25.15 +0.50 13,15 3 -
9 , 3.3 10.85 11411 12.30  8.12 L.oL 2 -
10  6.26 15,95 17.77 L2.38 30.96 30.36 2 -
11 - 10.85 17.77 16,49 16,19 1 -
12 8.08 13.67 16.49 10.12 2 -
13 32,82 10.93 21,57 18,21 1 -
1L - 25.25 S 16400 18,22 12,1) 2 -
15 N 32.82 2734 27.91 28,34 2 -
16 11.62 27.34 17,76 14,17 2 -

17 : 25.25 38.28 19.03 24.29 3 -
18 - S J0LL0 24,61 22,08 18,24 3 -

+ve value indicates an i'nci:*easu in the meter reading,
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TABLE L (Continued)

Inclined meter readings (mm ) Evépqr— - Rain-

, Date ‘ DTt DT cation fall
2 e }ﬁflpt j Plot 2 Plof 3 -Plot glPlon1Plot12 Caon ) ( om)
19 November . 22.47 % L.49.13.95 19.43 3 -

20 . 19.94h 13,39 185,22 19,02 3 -

21 | 10,60 7,65 1.2 1002 3 -

22 25.25 C 3. 17.76 23,27 3 -

23 15,15 2L.61 22,8l 25.30 3 -

2L 20.20 21,87 10,15 16,19 2 -

25 30.30 32,26 12.69 13.76 3 -

26 15.15 16,95 10.40 14.57 2 -

27 ' - Lo.40 35.00 15.22 28.3L 3 -

28 20,20 28.43 17.76 16,19 3 -

+ve value indicates an increase in the meter reading.
/‘ﬁ )
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TABLE 5 - .

' YIELD PERFORMANCE UNDER DIFFERENT .
TREATMENTS DURING ‘AUS SEASCN .

S Yield ‘Moisture AVeragelu “Percent
lTrthmunt (Kg/m™) content yield increanse
(%) (149 over rain-
' moisture fed condi-
. L content) “tion (Th)
e e | (T )+ tTLY
T T1(25—50-mm standing - -
water) 0.4167 16,1
2. T, | 0.3167  15.8  3.587 8
3. T,(Rzinfed witb water
application to R !
saturation) 0.370 15.7
I, T, 0.L00 16.8 © 3,73 2.8
5. T)(Rainfed) 1 0.3167  16.1 P

6. T, 0,370 16.8 3.316 -




66
~ TABLE 6

'VIELD PERFOHMANCU UNDER D]FFLRLNT TREATMENTS
DUQING AMAN SlEA SON .

15t Transplantation

Yield Moisture Average Percent
Treatmont - (Kgm™~ ) content Yield increase
(%) (4% - over rain-

molsture fed condi-
content) tionﬁTu)

R . . __(7/h)
1_.-,_Tq (25-50 mm standing water) 0.600 17.0 |
2. 1T, 0,560 15.L . 5.80 -
3. T, (Rainfed with 25-50 mm _
standing water at the s
repreductive stage) 0.660 15.8.
L. T, ' | 0,840 7.2 7.27
5. T3 (Rainfed with water
application to '
saturation) = : _ 0.720 15.6
s 6. T, | .0.8760 17.5 7.68
7. TLL (Rainfed - condition) 0.700 14.6 |
8. Tu ' 0.760 1.8 7.23
nd. Transnlantation
. T1 ( 25-50 mm otundlng Water)0.770 15.6
2, T,i 0.836  16.1 7.86 71.2%
’ (hnlnfud with water
appllc tion to
saturation) 0.705 16,2 C
be T, ' 0.783  17.2 7.217 - S57%
5. Ty (Rainfed) 0.5917  1L.8 :
6

. T3 0.34L 17.0 459 .-




TABRLE 7 (a)
MEAN MONTHLY AND quUAL R“INFALL AT JOYDERPUR -

Month Jan Feb, Mar Apr., . May Jun. Jui Aug. sept. Oct, Nov.
Rain 18.5 28.2 60.3 149.8 23),.7 368 2 353.3 387 1 266.7 1h8.7 4C.2

fall .
{mm) © Dec. Total
13.6  2069.3
Period of record - 1902 -~ 1974
TABLE 7 (b)

PROBABILITY OF RAINFALL EXCEEDING SPECIFIED

AMOUNTS IN-ANY MONTH AT J CYDEBPUR ‘
Roinfall | Probability (%)

Cmm ) 5on Feb. Mer.Apri;. May Jun.Jul. Aug. Sep. Oct. Nov. Déc.
10 4O 66 77 98 100 100 100 100 100 - 98 76 SO ..
25 20 L1 87 90 1007100 98 100 100 94 53 13

50 8 18 50 87 98100 98 100 98 81. 25 9
75 5 100 27 75 95100 98 98 98 67 15 -
100 2 L 15 67 91100 98 98 96 565 7 -
125 2 - 10 56 85 96 96 98 88. 35 7 -
150 L8 75 93 95 95 86 3 2 -
200 | 5L 91« 88 88 68 2 - -
250 b1 77 87 83 50 20
300" _ 62 62 65 LO 12
el _ 33 37 33 11 8

Source: Mahalo, 1976,
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e
TABLE 8
SEEPAGE AND PERCOLATION ( S &7P) AND
EVAPORATION (EV) FOR AUS SEASON. - .
Stage of . Average inclined Evaporation Seepage
growth meter reading (EV) and per-
* (corrected) for - mm/day colation
planted plots ' (s &P)
(Treatment Tq) mm/day
. mn/day -

1. Vegetative growth,
16th May to 15th

June 7.67 _ 5.35 2.32
2. Generative |

(Reproductive)

growth, 16th June :

to 15th July 9.1 5.46 3.68

3. Ripening period |
16th July to 5th e
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TABLE § .

SEEPAGE AND PERCOLATION, EVAPORATION AND EVAPCTRANSPIRATION

FOR AMAN SELSON

Stage Gfﬁ‘
growth

_ Average inclined ' Average inclined Evaporation Scepage and Evapctrans-

meter reading . meter reading (EV) Percolation piration(ET)
(corrected) for (corrected) for  mm/day ( s &P ) mm/day
planted plcts vnplanted plots” mm/day -
(Treatment Tq) . mm/day - -

mm/day J

'1} Vegetative growth,

2nd August to 9th
September

2. Generative growth,
10th September to
19th October

"3, Ripening period,

-20th October to
8th December

7.775 . 967 L6 5.07 2,70

7.720 8Ll 3,76 14.68 3.04

O

7.7L0 - 7,71 2,48 5.23 . 2.51
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TABLE 10

STAGES OF GROWTH AND SUPPLEMENTARY TRRIGATION
REQUIREMENT FOR AUS SEASON -

Date Stage of
growth

Amount -of Irrigation

| 26.5.80 - Vegetabive.
27.5.80 Vegetative

30.6.80 Reproductive

water
( mm)
Treatment Treatment
. T2
33.0 -
- )—'»CO
36.0 - .
Tétal:  69.0 4.0

70
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" TABLE 11 |
STAGES. OF GROWTH AND SUPPLEMENTARY IRRI-
~ GATION. REQUIREMENT FOR AMAN SEASON

Lo

1st Transpl nt. Amount of . 1rr1g tion water_g mm )
Date Stage of growth Treatment Treatment Treatment Treatment
T1 T2 T3 Tu
1.8.80 Land preperation 61.96  .61.96 61.96  61.96
21.8.80 Vggetﬁtlve growth 28,11 - < -
/.9.80 Vegetative growth -M1-79g'_ - : - &
15.10.80 Reproductive growth 32.3L  29.3L - s
29.10.80 Ripening stage 35.01 - - -
1.11.80 Ripening stage - - 3.6 -
l4.11.80 Ripening stage 29.16 = - -
8.11.80 Ripening stage 32.92 - - 3.6 -
Total:265.28  91.30 69,16 . 61.96
2nd Transplant ' . . '
L.9.80 Vegetative growth 62..07 - -
~15.10.80 Reproductive growth 66.51 3.6 .
29.10.80 Ripening stage 58.27 3.6 . -
~ 3.711.80 Ripening stagé 11..80 | - -
8.11.80 Ripening staze 26.98 3.6 -
70.11.80 Ripening stege  56.90 - -
11.11.80 Ripening stage L9.15 - N =
16.11,80 Ripening stage' 49.92 - g
18.11.80 Ripening stage 3096 . - -
19.11.80 Ripening stage - 3.6 _—
21.11.80 Ripening stage 3L.45 - -
22.11.80 Ripening stage 37.23 - -
2l;.11.80 Ripening stage 21.66 - -

26.11.80 Ripening stage 32.93 - -

Total:572.77 ik 7 0.0




TABLE 12 °

WATER RE QLIRENENT AND YIELD FOR DIFFERENT
TREtTMENTS OF Abb - AMAN SEASON

72

1 US SEr- SOI’l

Treatment : Water Yield
' requirement (T/h)
(mm) R
. 25 SO mm stmndlng water (T ) ' 905.67 3.58
2. Reinfed with water appllc.tlon for
- saturation (T ) - 840.67 3.73
3. Rainfed . ' : T 836.67 3.316
Lmen senson (1st Transulantatlon) :
. 25~50 mm sta ndlng water (T ) 1048, 32 5.80
2. Rainfed with sta ndlng wqtﬂr at o
generative growth period. (mz) - 87 3L 7.27
3. Rainfed with water applicstion for . '
~ saturation (TB) _ ' 852.20 7 .68
k. Rainfed (Tu) , 81,5..00 7.23
£2nd Transplantation)
1. 25-50 mm stanaing water (T, ) 1253.00 7.86
2. Rainfed with weter applicr tion for
saturation \Tz) . 706-.8 7.2%
.59

3. Rainfed (T3) ' ) 692l
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TABLE 13

CALCULATED WATER REQUIREMENT FOR AUS SEASON
(with negligible loss due to surface drainage)

3 e
e

Total water requirement:

- 101,60 mm Land Preparation
115.05 mm  Vegetative growth

216.65 mm

June - 115.05 mm Vegetative growth
(30 days) 137,10 mn  Reproductive growth

252.15 mm

~July - 137.70 mm Reproductive growth
(20 days) -~ _37.20 mm Ripening period

174,30 mm

May
‘(15 days)

Total : 643.70 mm

. Number of days when water is required = 30 (vegetative growth)
+ 30 (Reproductive growth) + S JRipening period) = 65 days."
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TABLE 1l

CALCULATED WATER REQUIREMENT FOR AMAN SEASON
(with negligible loss due to surface drulnage)

Total water ruqulrtment (1st Trﬁnsplgnt)

B

k July.. - 50,80 mm Land Preparatien
August - 50.8C mm Land Preparaticn
(29 days) - 233.70 mm Vegetative growth

S 283 90 mm
September - 77.70. mm Vegetative growth
(3C days). = 15l LO-mm Reproductive growth
232 10 mm
October  ~ 154,40 mm Reproductive growth
(31 days) - _85.2 mm Ripening period
_ 239.60 mm
November. - 77,40 mm:Ripening periocd
(10 days). - g ~

77.40cm ¢
Total}' 893?80“mm?J.

Total water requirement: (2nd Ty ansplunt)

August  —=-10%) 60 mmlLﬂnd Prbparqtlon
(20 days) — 155, iO mmwMegetmtlvc growth

—— i';-

257:.00 mm,

Septembeyr - 155,40 mm. Vegetative, growth

(30 days) &~ _77420 mm Reproduct rowth
232,60 mm £

October  ~ 231,60 mm Reproductive growth

(31 days) - 7. 70 _mm Repening period
239, 30 mm

‘November - 147,10 mm Ripening periogd

(1S days) - '
147,10 mm

4O (Vegetative growth)
LO (Reproductive growth)
20 (Ripening pericd)

100 days.

Number cf days when. irrigation is required

+ + i




.SUPPLEMENTMRY JRRIGATION REQUIREMENT FOR THE YEARS

TABLE 15

197& 79 DURRING THE AUS SEMDON

Amount of suppl;mentﬂry 1rr1g;tlon reqgquired at: Total

fear Land Prew- Vegetative Reproductive HKipening (mm)
aration -growth growth stage -
(mm) (mm ) (mm)

7197u - No data available

1976 - - *'25 L - ~ Zjoh
1977 No data available

1978 - - - - -
1979 101.6 - 127.0 - - 228.6
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TABLE 17

AMOUNT ‘OF. RAINFALL REQUIRED TO MEET THE LROP, WATER REQUIREMENT
FOR IHE'DEF?ERENT MONTHS OF AUS SEASON, THEIR PROBABILITIES AND
THE. IRRIGATION;REQUIREMENTS UNDER DIFFERENT PROBABILITIES

Months Amount of Pro— . Amount of Irrlgatlon requirement =zt
rainfall bﬁb"llty irrigation different ralnfall pPObabl-“
N requirad-. (%)' re?ulred lities (mm)

e e ) T e sow
May - 216,65 .50 108,32 66.65 -
June 252,15 77  57.99 - -

July - 174.30 90 17.43 - -
Totalft183.7l 66.65 0.0
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TABLE 18

LMOUNT OF RAINFALL REQUIRED TO MEET THE CROP WATER REQUIREMENT
FOK THE DIFFERENT MONTHS OF AMAN SEASON THEIR- PROBABILITIES
AND IRhIGpTION hEOUIREMFNTS UNDER DIFFEIENT PROBABILITIES

1st Transplant

. Months imount of . Pro- Amount of Irrigation requlrgmtnt at

rainfall. bablllty 1rr1gatlon different ralnfall probablw
required (%) required ~ litids-{mm) . .. '
(mm (m ) TS e EO%  DEG
July 50,80 100 - - oS -
fugust 283,90 70 85.17 15,00 - - & =
September 232,10 56 102,12 52,0 - =
October  239.60 22 186.88  180.0 120.0 L0.O -
November  77.4,0 15 65.79  62.0 47.0 27
Total: 139.96  309.00 167.0 67 .14

2nd Transplant

hugust 257.00 80 51,40 - - -

September 232.60 56 102.3 ... 52.0 - ~
Cctober 239,30 22 186.6  180,0 120,0 Lo.0

November 14L7.10 0 17,1 132,0 117.0 L97.0
T Total: L87. u 364.0 237.0 137.0
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