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ABSTRACT

A simulat.ion model has been developed using St\~ess Day Inde:;(,
cmicepi. which can be l~sed to pl~edi[t. t.he effect. of dr'ought. on 1"ice

yield, The model scans the stress days usinl;) daily water bB.lanc2 B.nd

calCL~lB.t.es t.he r'ela.tive yield based on e::<periment,2i.lly determined cpop

susceptibilit.y fact.ors, The model was applied to a droul;Jht pr'one a,r'ea. to

deter'mine the optimum tl"'anspla,nt.illg date of Arnan rice gr-owll l.Ander

painfed condi troll" and best. date of supplemental irr'igation, Long term

weathel~ da.ta., were collected and d.llalysed t.o detel~mille the norma.I

weather' condition of the stL~dy a,rea, Other input. da,ta for model

appl lca,tioll W2r'e IJbta.ined fr'om 1i tera.tur'e and ju.die ious a.ssumptions,

The fesL~l ts of U--Iemodel appl icB.tion )~evea.led that economic.Ed 1y

acceptable yield of Arnan rice under rainfed condition could be obtained

by the proper selection of transplanting date, When transplanted later

supplernental ir!"'ii;ja.t.ionwas required during reproductive and ripening

stage to avoid yield loss dL~eto dr'OUI;lht, The nWflber of sL!pplementa.l

ir\~i~:;:Iat..ionwa.s found to be dependant on the type of soil and pla.nting

date, Lanlj f{lanagement, i ,e, a.djustment of dike heiJ,;jht was found to be an

effective way of reducing the number of supplemental irrigation for

hea.vy and model"'ate to light te::(tured soils, High risk of substantid.l

yield loss is involved when Tl~allsplanted Ama.n is gpown in ligrlt text..ul~ed

soils under rainted condition,

"
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The model could not be vel~ifielj due to lack. of appropl"iat.e field

data., The crop sl.1sceptibility 'factor"s used in the model were

e::<pe1" irnel}t.;:.•.ll y deteJ"'f1'l ined! hence the model is e>::pec ted to y iel d

reasonable results, However I further verification of the model with

appropia.te field dat.a. is n2cessal"'Y', Nev21...theless
l

the modt:'} can be used

a.5 i:J.r~effective 1.001 t.o .:;212[1. the plantinl;J ljate to ma>::itl'l"ize the

effecti;/e use IJf ra.infalI and ti)' identifY the optllnum schedule of

supplemental irrigation,
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INTRODUCTION

Background and Problem Definition

About 20% of the total arable land in Bangladesh is now under

il"'pigation and the r'est is [Lllt-ivated L-Inder painfed condition (BE:S..

1986), The land under rainfed condition is dependant on the mercy of

na.tt-lre and this dependance is critical in the Khar-if sed.son (Appil to

October) during which two thirds of the food grains are produced, Annual

r'B.infetll in Bangladesh ranges fl"'om 1400mm in the nor-thwest to avel"'

SOOOmm in the northeast, But ninety percent of this rainfall occurs

dlH'ing the four months fr"om .JeHle to September, Rain is scarce and highly

unpredictable during the months bf October to May, Therefore drought of

varying intensities occur almost in all parts of Bangladesh in Rabi

(November - March), early Kharif I (April - July) and late Kharif II

(July - Oecembe-p) sea.sons while ppimary irrigat.ion is necessar'Y dl.."ril1l;j

Rabi (December -..March) , Crop grown under rainfed condit.ion, suffers

substant.ial yield loss dL~e to drOL~I;,iht.,AmB.nrice is t.ra.llspla.\lted in July

its final growth st.al;!es, As such Transpla.nted Am-Ei.ll ';lrown under' p2:dnfed

condition are a.ffected by drol..Jght hazar'ds,

\,l,Iher'ew-Ei.ter- is scarce and expensive the optimum planting date fOl~ a

specific crop grown under rainfed condition is to be determined, But if



2

it so happens that economically acceptable yield level is not feasible

under rainfed condition minimum amount and best date for supplimental

irrigation become the ;jetermining factol"'s for efficient crop

production, Saleh (1981) had concluded that supplementary irrigation

increased the yield of rice a'5 high a.s 71 % over' l"'a.infed cOl1ljition,

Yield simulation models have been developed and successfully

a.pplied to evalt~a.te a.nd improve the on-fa.pm water ma.nagement pi"'actice

for wheatl corn 1 soybeans, peanutz, etc, (Baker and Horrocks, 1973; Hill

and Ha.nks
1

1978; -Ra.smussen and Hanks
1

197:::; Retta and Ha.nk-s,

Martini Watts, Gilley and Borcher, 1981; Pusposuturdjo, 1982; Agultol

1984), Some research work has been conducted on the effects of water

stress on rice yield (Wickham, 1'371; Datta., 1972; Yoshida, 1975; Aill;!L~S,

1979; Karimi 1985), Thus if a yield simulation model for rice could be

developed it could be used to predict the impact of various water

mana.gementoptions on l"'ice yield,

Hence the present study has been designed to develop a yield

sirm.Alation mClljel for' rice d.lld t.o apply the model to detel"'mine U-'le

optimum plantinl;! date and best dates of supplemental irl"'igation for

Transpla.nted Aman I"'ice gl"own in a dl"'ought. prone aTea. of BangIa.des!'"l ,

----------------------------------------



Objectives

The purpose of this study is to develop a yield simulation model

fo!"' r'ice which can be L~sed as d.n effect.ive, tool for t.he evaluat.ion a.nd

impl"ovement of wa.tel"' malld.l~ement pra.ctice,

The spec.ific object-I'les ape

To develop a yield simulation model for rice using Stress Day

Inde;.:: concept!

2, To apply .the model for deter'minin';! an optimum plant-in';! da.te for

Transplanted Aman g~own under rainfed condition,

:3,To apply the model for determining the best date of a specified

a.rflount of supplimental irJ~iga.tion and its impact on yiel1j, a.nd

4, To a.pp1y the model for planninl;l the il"i"'i'.;Jation schedule to have

economically acceptable level of yield,

.s, To a.pply the model for determininl;! t.he effect of dike height. on

effective use of rainfall and required supplemental irrigation.



REVIEW OF LITERATURE

The l,J,IB.ter rec:p..1irem!?nts of crops has been 2 subJect of frltKh study" in

the past., A 9r'eat deal of r'esearch informa.t.ion is available on t.he

rel2i.t.ionships bet.ween crop .. climat.e, wa.tel"' and soil, Most of t.he IAId.t.el"'

reqL~iremeilt. studies have concent.ra.t.ed on (lima.t.ic f2'.Ct.01"'5 t.hat. iilflL~ence

water use for maximum crop production, However, for practical

application in planning, design and operation of s~hemes, it is

ne[255ar'y to ana.lyse the effect of l,l,IB.ter deficit.s on cr'op yields.

Whenever the [POP wa.te\" requil"ement. is not fully f!~et.Jwater deficits in

U-p? plant will cause l~edL~cedyield, The degr"ee and manner' in which wa.tel"

deficits affect [f'OP l;lrowth B.ndyiellj, YC:l.l"'ies wit.h the crop species d.nd

gr.owt.h sta.';Ies,

Physiological Characteristics of Rice

Any att.eritpt t.o estimate rice yield r'ecp..,lir'es the study of its

physiological characteristics, The yield response of rice to various

envil~onfflent.al conditions is hi1,;)hly dependant on its variet."-rJ stage of

growth! method of cultivation) etc,

Acco\~ding to Dd.tta. (1981) rice cultui"'e (a.ll be cla.5sified into fOI..:!r

types based on variet.al type. These are:
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1, Lowland pice} wit.h pIa.nt-s of semidwarf t.o medium t.o tall height

( 10(lcrn to 200cm )

2, Upland rice, with plants of medium to tall (130cm to 150cm) height

3, Deep watel~ picel with plants of medium to tall (120cm to lSOcm

without sta.nding wa,ter and 200CHl to :300cm with rising water' level)

heil~ht

4, Floa.tin,.:;J rice, with ta.ll (>lSOcm ta.ll witho'..At standing water'; SOOcm

to 600cm with rising flood water) plants,

Recently! E:ar'ker a.nd Her,jt (1'379) cla.ssified rice in ~30uth a.nd

Southeast Asia} according to water depth, For lowland rainfed rice they

used sh-2'.11ow rainfed (.S - l:Scm) and medium deep painfed (16 - lOOcm),

with medium deep I"'a.infed further classified into intermediate deep (15

.50cf(j) an1j semi-deep r'a.infed (51 - lOOcm), Where wat.er dept.rls e::(Ceelje

lOOcm they classified i~ice as deep wat.er, Further refinements have been

made of the syst.em sug.;;estec:! by Barker' and Herdt (1979) I with both deep-

water and floB.ting rice ar'eas t.otedly E':~::cluded frQf(! t.he painfed lowland

rice areas, The T'efinement. of the classification are given in Table 1,

In Ql.11" [Ountl"'Y pice is classified as Aus! Aman and 801"'0 depen,jing

on the growl ll';1sea.son, ALls and AmB.n'"'ice call be ei trier Tl"'anspla.nt or

Broadcast t.ype, 801"'0 rice is usuCi.lly transplanted, The}"'e 21"'e also many

variet.ies of local and high yielding variety (HYV) rice, High yielding

Val~iet.y Transplanted Aman Wd.Sselected for the present study.



TABLE 1, Cla.ssificat.ion of Rice C!J.lt.l~re (De Dat.ta) 19t:l)

Types of culture

Rainfed low land
pice
~:;hd.l1ow r'a.infed
lowla.nd r'ico2
t'1edium-deep ra.infed
lowland pice
Deep water 1"-ice

Upla.nd r-i(e

Main method of
pla.nt.ing

Tr"ansplanti ng

Tra.nspl anti Ill;}

Transplantin9

Br'oa.dca.st 011

t.o dr'y soi 1
Dr'illed into
dl"'Y 5011

MaximUfi'! wat.er
depth in cm

0 - 50

5 - 15

16 - 50

.s1 - 100

No standing
water '

6

!
I
I
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Growth 5t.rlQ~- The ent.ire life cycle of t.he rice plant may be

divided into t.hree main pha.ses, These ElY€':

The veget.ative pha.s2, which 1"'1...1115 from 1;J21"'fllinat.ion t.o panicle

initiat.ion,

2, The reproductive phase I which runs from panicle initiation to

flowering,

These rna.in phases I however may be subdivided into physiologically

distinct stages or periods, Fig, 1 shows the detailed divisions of the

main phases of the rice crop with different. durations, The duration of

the basic vegetative stage varies among varieties generallYI between 25-

6.5 days, The reproductive phase begins with panicle ini.tiation a.i1d 121.51.5

upto complete flow2i"'ing, In ripenin1,d phd.S2 (fr'om flowering to rna,tlJrity)

occ1.J.pies a" pel"'iod from 2S t.o 3S Ijays befor'e mal-uri t.y r'egal"'db.=.ossof

va.riet.y,

Growt.h st.al~es and t.heir l~espective dlH'd.t.ionas l~sed by Karim (19B.S)

are given in Table ~,
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growth sta.ges of Transplanted Aman can be SI..:Imma.r ized l:\::t,

CriO ';,rQwing s'='asi"lo- Selection of the CI~OP IJrowing sea.SI:'ll or t.he

45
~

:30
10
20

.so
:::.5
10
20

No, of days within
growth stage

(3)

1 VelJ2 tao t ive phase - .50 da.';/s

c' Reprodl..Jc t ive phase ::::<) da.ys~

:3 Ripening phase 30 da.ys

(2)

LIV Rice (Karim, 1985)

Growth stages

Gemina.tion - Ma.:;<imum tiller-in';;
Ma>::imum till e r in9 - Hea.1j i ill,;}

Heading - Milk
t1ilk - t1atlH'ity

Transpalnting - Maximum tillering
Maximum tillering - Panicle initiation
Panicle initiation - Heading
Hea.d i jlJ;J - f1ilk
Milk - f1a,tUl'it.y

Crop

HYV rice

Table 2, 6ro~th Stages and their Respective Duration of HYV a~j

(l)

Local
impr'oved
varieties
of r'ice

On the basis of the above specificatioll, the duratioll of the different

crop calendar is very important in relation to drought damage, Crop

calendar is different for different country and sometimes it varies from

region to \~egion wit.hin 21.COL!ntl~'f, Moreover, a particulZ!.r variety of

rice may be ver'Y susceptible to drought condition upto certd.in sta.l;Je
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of I;:p~owt.h,Bl...Itif t.he growing sea.sonof the tice is SlKh that t.he timing

of drought does not coincide with critical stage of growt.h then there

may not be SeVEl"'e Ci"'"OP damage due to drolJ9ht., The resistenee or

susceptibilit.y to moist-LH'estress d.t different sta.l~eof I~rowth is

different, The growing season of Transplanted Arnan is such that critical

condition for it may arise after vegetative and reproductive growth

Dike Height

E~<perimenta.l studies have cone lu.ded that f a r-flIer's could make better

use of scarce wa.t.e\~supplies by providing hil;lher dike height, It. j"'"esults

not only in fewer stress days and higher yields
l
it can also reduce

drainage losses and improve the irrigation efficiency of the system

(Wickhaml 1971), Dike is also B.n effective way of cont-rollinl;! weed (De

Datta, 1'3:31) by pl~oviding standinl;l water depth in the field, In

Bangla.desh a dike heil~ht of 1.SO to 200mm is uSL.\ally pr'ovided fOl"'" pice

Stress Development and Yield Red~ction

Undel~ra.infed condition the paddies oft.en become;jl~y and t.he CfOP

suffej"'"s fl"om VB.r'lous de'Jl~ees of moist.l..J.rest.r'ess, Moist.ur'e stl~ess may be
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the chief factor that. limits economical and stable yields of rainfed

rice,

The moisture stress effects on rice or any other plant relates to

the resul t from the fL~nctio!1 of w~.ter"wi thin the pla.nt, The functions of

water can be pointed out as:

1, water is a vital constituent of cell protoplasm

2, water is a reactant or reagent in chemical reactions (e,g" in

photosynthesis; wa.tei" + cBTbondio::<ide + energy -t car'bohydr'ates)

:3, water is a solvent for' ol"l~anic d.nd inol'l;l8.nic solute.:; and gase':;

facilita.ting their' tl"anslocation within the plcl.11t

4 water giV2S mechanical strenl;lth to plants by prodt.ICing

Low water supply rates and high water loss rates cause a decrease

in pl8.nt water content which result.s in the development of plant.

moisture stress, Moisture stress decreases the rate of phot.osynthesis,

Hespil"'2\t.ion !~ate also decl"'e.:.=t.sesbut. less \"'Ei.pidly than photosynthetic

rates, Ther"efcn"'edecl"'e2se in yiel,j in wd.ter st.l"'esse,j pla.nt.s j"'esl..Al ts

bothfpom d. decrease in photosynthet.ic Pd.te and .:.=t.lsoan i.l1cI"'ea.se in the

ratio of respiration to photo.::iynthesis, ~;tl"'es.::;ca.L~sesdelayed flowel~in';;

a.nd high percent-a.';!€' of sterility! and conseqL~ently! low yield,
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Int.ern;:;.l moist.ur-e st.ress in pice plant. t.issues seems to Cd.t~Se poor'

growth in many upland rice, Early work in Japan clearly indicated that

the rice plant is most sensitive to drol..,!I;Jht f\~omthe cell division sta.ge

to the flowering stage (IRRI! 1975), Three days drought around the

critical time (from 11 days to 3 days before heading) reduced yield by

causing high percentage of sterility,

Soil moisture tension as low d.S lEo c2ntibd.PS Wd.5 found sufficient

to reduce the grain yield of rainfed lowland rice (Datta) Abilay,

Kalwar, 1972), In genera.l pea.k watel" demand of pice is between ma::imuftl

moist-up€, sipes':; imposed between tl"i:l.nspla.ntinl;j 2md flratur'i ty reduces yield

by 74% (Oatta, Abilay! Kalwal"'l 1'372), t1oist.l..Are st.ress also increases the

reproduct.ive st.,21.l;)esresult.,l~d in t.he deci"'ease of 91"'ain yield t.hrough a

redL~Ct.ioll in the-- nl.."lmberof spikelet.s,

Crop Yield-Water Relationships

Some of t.he eai"'liest. yield watei"' relat.ions were obt21.ined by

\"'esearchers investigat.in1;) t.he effect.s of precipit.at.ion d.nd soil moisture

on crop yield,



Cole (19:38) st.udied wheB.t. yield d.nd precipit.at.ion of 272 dat.B.

point.s from 14 r.esea.r'chst.d.t.ions in NOT't.hernGrea.t.Plains in the United

states oveT' t.heperiod 1906 - 1935 t.oestablish a yield relation of

wheE!.tto precipita.tion,

De Wit. (1958) collected wide range of data for common field crops

grown in containers under controlled evaporation, Graphical

f'epresentation of these e::<per'imental data showed th2.t fol"' different

crops under' differ'ent moisture conditions yield linearly varies with

tl'2.nspi ra.tion,

Arkley (196:3) e::{tendedthe work of De Wit tlY plotting the yield of

dry matt.er versus transpiration corrected for mean relative atmospheric

humidity during the period of most active growth, Arkley concluded that

devia.tion fr'om d. straight 1ine wi th incr'easing moisture l'eveals the

effect of over irrigation
j

while reversal in the slope of a line
nnnl-'r- - - .

Datta} Abilay a.nd KCi.lwa.l"(1972) conducted e::<perimenton sever-a1

varieties of rice to determine the moisture stress effects, It is

evident frof"!!t.heir e>::perimerltthat sa.ply moisture stress during the

growth of plant reduces tillering, This pesults in a reduction in grain

yield,
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Reyes (1972) d.t.tempted to e;:.::plair1 the yield l"€'spollse of r ice to

WB.ter' fr'of!'! three dry season e:;.::per'in.lents, The study was based on the

e:>::periments to evaluate t.he effect.s of clim~.tic differences, v'B.I"'ietB.l

differences and nitrogen fertilizer Oil the yield response of l"ice to

water', ::;everB.IvB.rieties wel"e found to be effectively responding to hig!""l

ni t1"'01;!er1levels even I..,mder conditions of poor' wd.ter su.pply,

Recently d.1l a.t.t..ernpt.Wd.S made (Consol"'tium Intel"'n-~.tional Development,

1976) to develop methods for predictinl;} crop yields ba.se,j on

e::-::pei"'iment~.lresl.J.lts fOI"' maize, The objective of ,jeveloping a yield

function peflectinl;! influ.ences on yields of different. wB.tel"' su.pply

levels and moistul"'8 tensions within the root zone at.

di ffepent stages of cr'op growth was achieved by plott.in,;} the

e::<pel"'irnenta.l \"'esl.J.lts d.S yield VeI"'SL./S wd.tel"' L-ISe,

Yield Models

yield FIdDct.ino-t:; - ~1a.nyd.t-tempt.;; ha.ve been made to develop a

funct.iona.l relat.ionship bet.ween yield and wat.el"' input.s
l

t.akin',;j int.o

account. the effect.s of watel"' deficits at different stages of growth,

~;Oflleof the ea.rliest pl"'oduction fL~n[t.ions wel"'e obta.ined by researcher.s

investigating the effects of precipitation and soil moisture on dry land

Cl"'OPyields by 1"'21;]\"'essionana.lysis (Cole} i9:3B'3; Lel;}get} 1CjF,q'J
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Mool~e (1961) developed a model to allow [21.1[u1ation of the net

va-tia.ble income d.ssocia.t.ed with ea.ch ir'riga.tion cycle .. a.llowinl;j

calcl...Ald.t.ion of t.he opt.imal t.ime to a.pply irl"'iga.tion watef, He used a

hypothetical rela.t.ionship bet-weeen the relat.ive rat.e of pIa.pt l,drowth d.ne!

the mea.il soil moist.ure st.ress in t.he Cl.ctive root zone as for an ent.ire

nGr = ~ Ie. (t./T)
'-1

where,

Gr = felative growth
T = length of i\""rig3.tio\1 season (days)

t.i = lenl;lth of irr'i1dd.tion i1:_h cycle (da.ys)

IEti = fl"'d.ction of potential ,.:;!p.owth fOI~one irl"'igat.ion cycle

Hall d.ne! Butcher (196B) developed a met.hod which cOL41dbe used to

assure that the seasonal distribut.ion of water was optimal for each

point on the overall production function, They expressed yield as a

multiplicative function as :
nY = H ai(wi) Ymax'-1

wher"e I

Y = yield

Ymax = maximum yield of a crop

ai(Wi) = yield reduction factor for stress applied on i~h growth

Wi = .::;oil moisture content in trle i1:.-h stage
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Jensen (1968) related relative yield to the effects of limited soil

moistups as
nY/Ymax = U (ET/ETP)~i
i-1

Y/Ymax = relative yield

(ET/ETTP)i = pelative total evapotranspiration for growth stags, i

~.i = relative sensitivity of t.he cr.op to wd.ter stress

during growth stags, i

The right side of the equation is a product, Therefore stress developed

by reduced water during a single growth stage will reduce yield

severely,

Hiller and Clark (1971) developed a concept to determine the stress

imposed on a cr'op dl~l'ing its gl'owing season, The f;tress Day Inde>:. C::;OI)

is determined fl'om d. stre.:;.3 day factor. (SO) .E!.nda cr'op sL~sceptibility

factor(Ce), This stress day factor is a measure of plant water deficit,

so. = (1.0 - ET/ETp)

Ce = a (1.0 - ET/ETp)
nSOl = E (SO. X Ceil
i-1

n

Y/Ymex = 1.0 - (A/Ymax) I[Csi(I.0 - ET/ETp)iJ
i-1
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A = unit yield reduction per unit area per unit of Stress

013.y I nde:;.J SD I )

a = factor, depends on the physiological characteristics of the

Y = actual yield

Ymax = maximum yield

ET = evapotranspiration

ETp = potential evapotranspiration

Another model was presented by t'linhas et 01.1 (1974), Wl-IO fir'st

developed an evapotra.n5pil~ation pl"'ediction model for' wheat as a function

of available soil moisture only, The yi~ld function he used was of the

where)

y = yield

Xj = relative evapotranspiration in period J

Stewart, et 21 (1976) developed two models which utilized estimates

of 2nticipa.ted evapotr'anspira,tion deficits and l;:)rowth sta.l,Je

sensitivities to predict actual evapotranspiration and yield for the

season, The functions used were
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nY = Ymax - Ymax r YRR~ (ETM<~)- ETA(t»/ETH
1-1

where.. ETM = t.ot.al eVB.potr"a.nspirat.ion \~equir'ement.

ETM(i) = evapotranspiration requirement. for ith growth period

ETA(l) = actual evapotranspiration in ith growth period

YRRi = yield reduction ratio in the ith growth period

where, ~o = yield reduction ratio where evapotranspiration deficit

sequencing is optimal

B = yield reduction ratio predicted for the season

The model uses the first function is reffered to as the Growth St.B.!;!!?

Model and the other is r'effep2lj to ~:t5ET Deficit Sequence r1odel,

HB.nks (19:3:~:)developed d. simple fiKHjel for' both dr'y mattel"' yield and

grain yield, The equation to relate dry matter yield (Y)j to

tj""anspir-B.tion is ta.ken ir.om t.hat. of de Wit (1'371)

Y ruTR/Eo

TR ~ transpiration

Eo ~ average f!~esh wa.t.er'evaporat.ion rat.e

m ~ a crop fact.or
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Karim (1985) determined the drought effects on yield of rice grown

in Bangla.desh usinl.:;! U-"P;? function as :

Sl. = SOl. x Cs.

SD1. = SDdGP.

SD. = GP-[R+CAP+d+WDeat.d-(Pl+WDeat.d (1 - P)}]/(ETp x Kc)

where,

GP = days in growth stage

R :;;;:rainfall at a specified probability

CAp:: capillary contribution to the \~ootzone

d = standing water depth

WDse.t = water content d.t 5atLH~2.tion

D :;;;:root-zone depth

Pl :;;;:percolation loss

P = fraction of W'!!S tha.t can be a.llowed to be depleted withou.t loss

of yield

ETp :;;;:potential evapotranspiration

Kc = crop coefficient

~:mI :: ::;tress Day Inde::<

SI :;;;:stress index

Yd = drought yield

Yn = normal yield



20

ihe st.l"'ess day inde::< is det.el"'mined fl"'ofl! a. st.r'ess day fd.ct.o!" and a

crop suscept.ibility factor, The stress day fact.or (SO) is a measure of

the our'd.t.ion of plant. wd.t.er' (ieficit., The crop susceptibilit.y fact.or (C\!!I)

depends on the species and sta.ge of development of the given cpop and

indicat.es the plant susceptibility to a ',;jiven \!,Ia.terdeficit, Cpop

susceptibility factor was calculated from various research data

collected from BARC (1981, 1982
J

1983), Karim et 21 (1981) and 8RRI

(1982J 1983) and Ahmed (1982) after Hiller and Clal"'k (1971),

Ka.rim (198-5) determined tr'le str'ess da.ys in a gpowth std.ge fl"'orn the

total water available and potential use rate, Hence t.he dist.ribution of

I"'ainfall dUr'ing the l;Jrowth stage hB.Snot been consider'ed in scanning the

stress da.ys, The model was developed on the basis of this yield

function, Although the f'..'/llction is vel"'Y simple and was used in the

model! it also has its I imit.at.ions , It can not provide a. qLB.nt.itative

meansfo!~ determinin';j t.he st.ress imposed on a crop dL~pingits gro\},.'ing

season and fails to dist.inguish bet.ween continuous and intermittent

stpess development,

Simyl~t.inn Mndel - Variol.J.s yield simulation models were developed

to predict the yield of a crop, The models use functional relat.ionship
between yield and water use,

A simL~la.tion model was developed by Mar't.in, Wa.tts, Gilley 'EJ.nd

80r[her (1981) to quantify the effect of deficit irl"'igation UPOll crop
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yield, A d2;.ily wat.er balance was l...lsed t.o predict. eVB.pQr'ation and

n(i = 1

Yrnl!!\X = ma:.:imum yield

i = inde>::

8;1. d.nd k i = pal"'d.mete}"'s

:'{;I. = dimensionless soil moistul"'e inde~(

y = actual yield

nY = Ymax W (1 - Bi e-kiXi)
<-1

t.l~a.nspira.t.ion from which Cl"'OPyields wer'e estimd.t.ed, The model wa.s

Yaj"'onet al (197:;:) developed a soil moistul~e simulation model ba"3ed

to tl~a.nspil"'ation j"'edL~ction, The second t.ype for other crops Wd.S based

used, For [Ol"'n t.he model was based upon the reduction of crop yield':; due

basis for the ana.lys.is of optim2.l irril;jation policy, The t'lit.schel"'lieh

erl~OI~ in rE:~la.tive yteld was found to be about 10%

on evapotranspipat-ion predict.iollS, Usinl;i wheat. data. I the aut.hor fitt.ed

L~ponthe redL-!Ction of crop and yiebj due to moistL~re stress, The fl'la::<imum

pard.met-er's to d. t1i tscherl ich function to predict the most rea.50na.bie

applied for corn} sorghum
l

wheat and soybeans, Two types of models were

equ.3.t.iQll is :

estimate of yield obtd.ind.ble Lmder optimal [oneli tions and used d.S the
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Hill a,nc! Hanks (197:::) developed and applied a simula.t.ion model t.o

predict yield for soyabeans and corn, The model considers the yield to

be a. flmction of tra.nspiratioil and L~se5 the rela.tion given as

Y = mTR/Eo

For both the crops the r'esul ts represente1j e::<cellent. .EP;}reementt,etween

the model predicted yields and act-LEd field values, The applica.t.ion of

the model to ielenti fy f!lan.al;}ementpractices that wi 11 ma::-dmize yields

throulJh wa.ter- mana1;}emento\~ avoidance of dry periods t-las been

demonstrated,

Hill, Hanks and Retta (1980) used the linear relationship of grain

y.ields t.o evapot.l"'anspi rat.ion and t.r.anspi ra.tion to develop a model for

predicting yield of alfalfa
l

barleYI winter and spring wheat subjecting

to varying levels of soil water deficits,

F'usposutol~djo (19:::2) developed a yield model to observe the impa.ct

of irrigation at di ffel~ent gr'owth sta.';}es of soybeans and pea.nr....Its, The

model was applied to evaluate and improve the water management practice

in Indonesia"

Hill and Hanks (1978),



Al;lulto (1984) developed d. model by d.dding a St~broL,!tine to the

DAF :::: dra.inal;}2 a.djl..J.strnent fact.oj"

the

for' modelthus has been selected as the basisdB.t.E1.and

development.,

e>::pe r. imen tEl.l

TR/TRp = ratio of actu.al to potential transpiration

J 1 ~ !-~. !-'d.Sbeen condLKted B.nd mode1SSo far a great usa ot resear(l! wor.~ I'

YiYp = rato of actual to potential yield

nY/Yp = V. (TR/TRp)X, x OAF,-.

~ L' £ ._,c_,"I_=111d (rODS, The yieldresearchers developed yield lu.nC~lons lor w ~ ,

~l'",',nleand requires very fewfunct.ion suggested by K~.rim (19:35) i.;; - J-

t. t t~ '-14 r_,fa cron, Most of the abovewere developed to eS_.lffia._.e .tle Yl~_l...! J-

, "'-_.".B '~_1.1ce'.lt.ratedon uC,'land crops, Few ofr\lI::?ntioned researC!1 wor'r:: 1...•,,_.... -

water and soil management crop yield (CRPSM) model developed by Hill et

in Phillipines, The model can be used to simulate the effect of

peanut field, The model used the yield function as :

al (1968),The model was applied to predict the yield of corn and peanut

different irrigation frequencies and levels in the yield of peanut, It

can also be applied to predict the deep percolation loss in a corn or



BASIC CONSIDERATIONS AND MODEL DEVELOPMENT

Durin';! t.he gT'owth of a plant., as it PI"Cll.;:ll""'esses from seed placement

throL~gh haf'vest., various factOl~5 ha.ve l~reater Ol~ lessel~ influences

depending upon pCt.rticl.J.lal~ gl"owt.h stage of the plant. But the most.

impor"tEi.nt factor tha.t inflcmces crop yield tr.om one loca.tion to anoth~r

or from one yeal" to the ne>~t, is moistl4J"'e a.vailability,

The effect of wEi.ter stress on rice yield [a.ll be est-ima.ted L~sin';)

Str'2S5 Day Inde>:: Concept (Karim, 198.5) :

Y!Ym6x = 1,0 - 5Dl

Y = actual yield

Ym~K = maximum yield

~;DI = sea.sonaI Stress Day Inde::.::

The seasonal Stress Day Index can be obtained

nSDl = E SD~X CSi.-,
wher'2 I

hv'._; ,

CSi = (f'OP sl...Isceptibility fa.ctor for growth st.a.ge
j
i

n = number of growth st.a.ges from t.l""'a.nspla.nt.ingt.o harvest.in'~
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The st.ress day factor' of d. pCi,i"'t.icl..Jld.T'gr'owth st.al,;}e can be estimated

as

so. = SSDdGP.

wher'e,

SSDi ~ accumulated stress days for the growth stage, i

GPi ~ number of days in the growth stage, i

The number of stress da.ys in a pa\~ticular' gi~owth sta.l;jE can be

obtained by sca.!1ninl,;} the st\~ess days tJsing da.ily 'water' bala.nee, A stress

day occurs when the water content in the field falls below a threshold

value, For rice such threshold value is the water content at 80%
sa.tt~rd.tion level (Doorenbos and Kassam I 1977:;

Estimation of Evapotranspiration

There a\~enumber of met.rKlljs avai li:l.ble to determine

evap(~'ltra.nspil~ation, The present study ha.s the option to estirnate

evapotra.nspi \~ation by ei thej"' of the following methods :

p~n EYripnrat.ioD Methnd .- Many studies over sevra.l dec.::tds.-s ha.ve

suggested the use of pd.n eva.pora.t.ion data to estimate potent.ial

evapotranspiration using a simple relationship
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where,

ETp :::::Potential eva.potr'B.nspi l"'2.tion

Ce--t. = Coefficient., deperpjin1;J on r'efer'ence crop 2.nd t.ype of pan

involved,

~an ::::Pa.n evapol"'ation

E)(tl~eme care is needed in interpretin9 pan eva.pora.tion data. to

obt.ain I~eliable estima.tes of potentia.l evapotranspira.tion, The v,::due of

Ce-1:. is a. fLmction of the kind of pa.n involved, the pan envir'onment in

relation to nearby surfaces, obstructiollS etc,

HargreriY~5 r(i~t-hQrl - Ha rl~rea.ves (19:::2) developed a very simple

method to estimate evapotranspiration, The equation is

ETa 0,0075 T,Rs

where ETc is the refel~ence crop evapotl'anspiration which' i~,the ra.te of

eva.potl"'a.nspii~a.tilJn of well wa.tered gl~een gj~ass in lanl.;Jleys per da.';!; T is

the f(led.n daily temperd.tL~l"'e in degl'ee of Fa.renrleit; Re is the incident

global radiation in langleys per day, Where measured incident radiation

data. are not 2J.va.ila.ble they can be estimated from recorde,j actud.l

sUllsh ine hOl~l~Sus ing the eqLIa.t.i on

R~ = (0,25 + 0,5 n/N) R8
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wher'e I

R~ = solar radiation

n = d.ctual sunshine hClL~rs

N = possible sunshine hours

Ra = extraterrestrial radiation

The valL~esClf the possible sLmshine hours d.nd e~(t.rat.er'r'estr'id.l radiation

fOl~ a particular' location CB.ll be det.rmined from the lat.itude of the

area, If the recorded sunshine hour data are not available the equations

sU';lgested by H2H'';lreaVes and Sa.mani (16) Cd.n be t,lsed, The ec:p.J.ation is :

CT = an emperical constant

Ra = extraterrestrial radiation

Tma><: B.nd Tmin = daily ma.::{imum and minimwft tempe,"atLAi"'e

P,:Dfiian Methnd r modi f i~d by OIiQr~DboG. ;=.nd Pryj tt J - The F'enma.n

combination equation is considered superior to all other met.hods of

estima.tin';! evapot,~a.nspiration using climB.tic da.ta. beca.use of it.s

t.heoretical basis, The equation is :
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where, ETa is t.he re:Fepence crop eVd.pot.l~d.nspirat.ion, which is t.he pat.e

of eva.pot.l~a\1spira.t.ion f\~o,Yid.n e::<t.ensive sLH'face of ::: to lS em t.a.ll green

grass coveT' of uniform height., a.ctively gr'owinl~, complet.ely shading t.he

l~rc'Lmda.nd not short. of wat.er I mm/day; W is t.he t.empe\~at.ure r'ela.t.ed

factor which is equal t.o A I(A + 1)1 where ~ is the rate of change of

5at.t~ra.t.ion vapour' pressure wit.h temperatl.JT'e a.nd l is the psychrometric

constant; Rn is net. radiation in equiva.lent eva.pora.tiQn (mm/day); F(u)

is the wind related funct.ion equal to 0.27(1 + U~:i?:!lOO), wher'e U2 is the

tQt.al wind rWl in km/day at 2m heil;Jht; (ea - €'d) is the di fference

between t.he saturation vapour pressure at mean air temperature and the

mea.nactual va.poul~pressure of t.he air 1 both in m bar; and C is an

a.djt~5tment fa(to\~ to compensate for the effect. of day a.nd ni,~ht weat.hep

condition,

Doorenbos and Pruitt (1977) discussed the calculat.ion procedures to

obta.in the va.pol~l~ pressure deficit. from val""iol4S hL~rnidity m.ea.sul~ement..s.

In E:a.lll;lla.desh hl~f!'!idit.y da.ta are \"'ei=ll)l~tedas rela.ti ve humidi ty and hence

the estimating equations are :

Tmean = ( Tmax + Tm~n)/2

RHmean = ( RHmax + RHm~n )/2

ea = 1,3329 EXP[21 ,07 - 5366,0 /(Tmean + 273,1 )]
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wher'e, Tmax: and Tmi.n are ma~<im!)mB.nd minifllt.jrfl a.ir t.empera.t.ures in degr'212

Celcius; R~-max: and RHmin are mcG<imumB.nd minimum rela.t.ive hL.jmidit.ies,

Wher'2 wj.lld da.ta. a.re not. collected d.t. 2m hei';lht.; they Cd.n be est.ima.t.ed by

u.sing the equation :

where z is t.he elevation in meter at which tJz is fj)easured. Su.pplemental~Y

equations for' the rnodi f ied Penmanmethod aye:

¥ = Cp (P/0.622 ~)

Cp ~ 0.242

~ = 595 - 0,51 T

P = 1013 - 0,105 (ELE)

i,o,!hereT is the mean ai \~ tempe!~d.ture in del;ll~ee Celc it.js a.nd ElE i.:; the

elevation in meter's,

6 = 33.8639[0,05904 (0.00738 T + 0.8072)7_3.42x10-s J

where T is the mean daily temperature in degree Ce1[iu5,

Rn = 0,77 Rs - Rb

wherel R15 is soJ.a.r radiation .. lan';I1eys/day ,
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Rb = ROo [ a ( Rs/Rso ) + b ]

R~o is t.he clear' da.y sola.f l"'a.diation, la.lll;lleyslda.y, Values of Rea can be

obta.ined by developing a.n envell:'pe curve from the plott.ed measured

not. ava.ilat,leJ va.lL~es given by Jensen (2.5) may be used,

T is t.he mea.n da.ily t.emperattH2
1

degree Kelvin a.nd ed WEI.S defined

ea.r 1 iel"" ,

t.a.ken a.s : a = 1,0, b = O,at = 0.39 a.nd bt = - 0,05,

The a.bove equat.ions wer'e synthesized t.o develop a computer pl"o9ra.m

The met.hods discu~sed above give the potent.ial evapotranspiration

of a reference crop, The potential evapotranspiration of a specific crop

can be obtained by adjusting the plant growth stage to the potential

eVEI.potr'a.nspiration of the refer'ence C1"0Pas e>::pressed by;

ETcrop = Kc x ETR
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large fields under optimal soil W-Ei.terand fertility condit.ions;.Kc is

the CI~I:lP coefficient; and ETR is t.he \~efe\~ence [r.op eV-Ei.potrEi.llspiratioll,

Percolation

For paddy rice, the cultural practice is to maintain standing water

in the field or at least saturated soil conditions and hence percolation

loss is ,-~navoilja.ble and rll-Ei.y be a fllajor component of tota.l water

\~equire,ne\lts, However it can be minimized thro'-~gh e::<tensive pl~ddling of

the soil dUT'ing the la.nd prepa.ration Ei.nd3.voidin1,;} dryin';! and cpackin,;! of

the soil. It varies widely among sites of similar soil type, The fl!Ei.jO\~

physical factors influencing the percolation rate are: soil texture,

ant.icedent water content of soil, location of w3.ter- table and

topography, For simplicity, the percolation rate is assumed to be at

constant value from higher level of watel" content upto satura.ti.ol1 point

d.nd it. decr"ea.':=!eslineatly from t.he constant. j"d.te t.o zero at. field

capacity (Saleh, 1985),

WO"s.el.d)

for WD~iel.d ~ WD < WDma~



The differ'ent components of the wa.ter- bala.nce for rainfed paddies

=32

field capa.city

for WD < ~~'<e1d

::;:percolation at

P = 0

P~at ::;:percolation ?t saturated moisture condition

WD ::;:total water- in the field, mm

p. field

P ::;:percolation loss

WD~ield ::;:water depth at field capacity

where,

Water Balance

has been shown in Fl.l;:!, 2 a.nd the simplest form of dyna.rnic water balance

where ..

WDi, WD1-1 ::;: Tota.l wa.ter in the field on i'"t..h d.nd (i:"'1)t..h day mm,

respectively

Ri ::;:rainfall on ith day, mm

ET 1= e',/apotl~anspi r'2.tion on i th da.y I mm
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Pi= pel"'cola.t.ion on i't.h day, film

Eva.pot.pa.nspira.t.ion is calCl...!la.t.ed from weat.her' data and per'cola.t.ion

is estimat.ed on t.he basis of tot.al wat.er' cont.ent. of the previous day,

Water in excess of a cert.a.in ma::dmumdepth is assL~med lost as st.H~fa.ce

d.llowd.ble tot.al water content in t.he pa.ddy field, Thi.=; is equal to t.he

dike heil;lht plus the soi 1 Wd.t.er-content at satLH"ation, Totd.l Wd.ter'

content. at. any level is equcd to t.he swnmation of st.a.nding water in the

pa.ddyfield and moisture content in the l"'oot zone,

Model Development and Description

The procedLH'2s outl ined in the previous sectiolls were synthesized

a.nd tr.ansla.t.ed int.o a ClJfflputer pl"'ogram USilll;l E:A~:;IClanl;Jl_~a';Je, The model

was developed on t.he basis of the followin';l aS5wnption:;

El.) FEl.ctors other tha.\l water' stress do not hB.ve d.ny effect on

l~ela.t.ive yield

b) Field drainage condition is such t.hat.the water in e:~cess of

dike hei9ht. is dra.ined without cB.usinl;j d.IlY damage to the crop,

c) Root. dept.h remains constant throughout the growing season,

d) DroL4ght.in d.ny growt.h sta~;Iedoes not. '::lffect. the ljuration of

other gl~owth stalJes,

Fig,:;: shol,i.ls t.he cOllceptL4a.l fri3Jn2WOrk of the model,



Site Data
Weather data

Soil information
Crop information
Irrigation

Information
----------1--------

tl-----SCANNING-OF-STRESS OAYS--------rUSING DAILY WATER BALANCE-----------------1-------------------

1-------------------------------------,ACCUMULATION OF STRESS DAYSDURING EACH GROWTH STAGE-----------------1-------------------

r-------------------------------------lDETERMINATION OF STRESS DAY FACTDRFOR EACH GROWTH STAGE -------------------1-------------------
r-OETERMINATION-OF-STRESS-DAY-INDEX--I
----------------1-------------------

I---DETERMINATION OF-RELATIVE-YIEUO---I----------------1---------------------
1_--------- -----------1RELATIVE YIELD

Fig,3 Conceptual framework of the model
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of 5i::< subroL~tine'3 namely! EVAPO,SUBto calculate daily

evapotl""anspi r'ation tlY Harl;)reaves Method, EVPTPN,SUB to cal cula.te

F'enrna.llMethod, PER,SUE: for pel"colCi.tioll, .JULIAN,~:;UBhv-,

progi""amdeveloped was an interactive one, It requests for input data

1

The Pl"(ll;Jl""am W21.S developed in BASIC, comp':l.t.ible wi t.h At1STRAD

miCI""OeOmputeps wit.h a. lit.tle modificati('n dependin';l on t.he syst.ern, The

evapotpanspira.tion by Pa.n Eva.por'ation r'let.hod .. EVF'THR,SUE: to ealCL,llate

when it needs dur'ill'd t.he e::ecution of COfllputation, The ppogram consist.s

pl"ovides option to select ei ther Pan Evapora.tion Method, Hal"l;:lreaves

PCW:::2-S6personal micr'ocomputel"", It can easily be used in ot-hel""

and DATE,::;UBto convert da.tes to jL41 ia.\1 day and vice ver'sc., The prclI;}ram

set by the user', The opted subroL4t.ine asks fop the file name, sta.)""t.inJ~

t1ethod 01"" Penman "'lethod to calculate evapotra.llspira.tion, The pl"'ogr'a.fll

evapotranspiration

and ending dat.es of dat.a ent.l"Y and direct.ly reads t.he l"eqlJ.iped weat.hep

data. from' the dat.a file, It calcula.tes and stores t.he dCi.ily

evapot.ransp i rat. ion val ues. Trll:? PI""Ogl"'Ci.frlal so pl""ovides the f d.C iIi ty t.o

enter evapot.ranspiration directly,

At the bel;JinninJ~ the prog!"am asks for the \~equired input data.

se1"ia.llyas

~:;ite data

i) Lat.itude (XLAT)

ii) Elevation (ELE)



iii) Cb)udleS5 day solar radiation (Rso) regression constants

(CRso(i))

2. Crop information

i) Crop name

ii) Planting & Harvesting dates (PMONTH, PDATE; HMONTH,HDATE)
iii) Nurnberof growth std.'des (!\jGP)1 their dur'ations ( r..j(X) ) ~).nd

respective crop susceptibility factor ( Cs(X) )

iv) ::.;ta.ndingINa.t.el"' depth (~;WD)a.t the time of tra.nsplant.inld

v) Fku)t zone depth (DR)

vi) Regl"2Ssion cOllsta.nts ( Ct<p(i) ) for' c1"op coefficient cu.rve

vii) Minimum moisture content (WDMIN) for cr'0Pstress development

:~:, Soil infor-ma.tion

ii) Field capacity (WDFLD)

iii) Percolat.ion rate under sa.tl....Irated [ondi tion (PSAT)

4, Watel"' fflBl.na.gement infol~mation

i) Month <: IRMONTH(Z) ), day ( IRDATE(Z) )and amount ( Ai'"10UNT(Z) )

ii) Dike height (WOt1AX)

In the ne::(t step the subrol..Jtine reads rainfall data. fr'om the data.

files, The Pl~o'dl~B.mthen starts per-for-minl,;;} da.ily \,l,!atel~ b2tlance, It scans

and accumulates the stress days for successive growth stages by

cQrl'!parinl~ t.he ca.lcul.Bl.t.ed lAId.t.e l"' dept.h wit.h d. t.hr-eshol.d '-/a.lue (WD!1INJ, The

threshold value is the water content below which stress occurs, If the



calculd.t.ed W3.t.E'j"dept.h in any day e::<ceeds t.he rnayif!ium possible dept.h

that can be stored, in the field (WDMAX) the model assumes the water

ljepth eqL~al to Wm~1AX that day, For ea.ch gi"owth 5t3,ge the pi"Cll;}ram

computes the stre':::;s day fa,ct01" fi"om the ac[wnulated stress da.ys and

dW"d,tion of the 9T'Owth stage, This pl"ocess continues fOl" the ent.il"e

growing 5ea::3011(transpl.;:l.11ting to rla,rvestinl;}) and Stress Day Inde::< is

calculated, The program finally calculates the relative yield which is

given as output,



MODEL APPLICATION

Study Site"

The yield r'eduction of rice due to ,jr-otAght B.ndeffect of

supplemental irrigation can be well demonstrated by the model when

rel;jion of Banl.;lla.desh.Rajshar!i lyinJ;) in this rel;}ion ha.s been selected

for- model appl ica.tion I

The a.rea is located d.t 24,:37°N la.titL~de B.nd of :;:::::,.56(;)E longitL~de

(Fig, 4), The clima.te of the ar'ea is cha.r'acterized by two ljist-inct.

season: the wet season from ,June to September and the dry season during

the \~est of the yea.r, r1ean monthIy tempera.tLH~e for wet season is about

:30°[: a.nd for dry season aboL~t 20°(: while the j"'"ela.tive, humidity is

fo\~ wet season a.nd about 40 % for- dry season, The average annua.l

r.a.infa.II is a.bout 1440 mmand most. of it OCCJ...H'S durinl;} .JLme to

September, The distribution and monthly dispersion of rainfall of the
area are shown in Fig, 5 and Fig, 6,

As indicated in Fig, 61 the rainfall in Rajshahi sharply decreases

in the months of November and December, Rainfall in Oct.ober is such t.hat

it can not redute the effect of drought, Therefore drought of varying

intensities during this pe\"iod is evident, The dependable f'ainfa.ll (75%
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pr'obabi 1i t.y level) for' the month of November- d.nd December" is \fepi low as

shown in Fig, 6,

Fig, 7 and Fig, ::: 51-lOWSt.he physicll;I\"'aphic L-lnits and soil

associations of Rajshahi district. It is evident from the Fig, 7 and

Fig, 8 that most of the land of Rajshahi falls under the physiographic

units of the Gan;;j2SFloodplB.in and the 8a.rin1j Tract, The soil

association of these units are mostly of silt} silty clay and clay,

AbOJ..At2::r~~of the ara.ble land in the study apea is Lmder

Transplanted Arnan cultivd.tion (8BS} 19:::.5), Tra.l1splanted Arnan is

cuI tivated generally from .JL-lly/Augl-lst to Nov"ember'/December, Thel"'efo1"'e

the final growing sta.l]es of T\"'.Et.nspla.ntedAmB.nis severly affected due to

d,"'oU'.dht., The yield of Aman in the stuljy sit.e is 1,25 t.ons/ha.ct.al"es (BE::::,

19:::5) alt.rloulJh the apea ha.s t.he pot.entia.l to yield '~',2 tons/hacta\"'es

O:::a.r'im, 19::::.5) due to favoupable t.emperatuj""e and sunshine,

Input. Dat.a

Weat.her Dat_~ - The da.ily weathej~ data I"ecor.ded at. R2.jshahi for' the

yea.rs 1970-19~::O were collected frorn E:an.;:}ladesh r1et.eoj~ologica.l

Department, These data include daily ma;<imum and minimum temperatures,

maximwll a.nd minimum j"'elative humiljit.y, act.L~al sWlshine houl"s, wind speed

a.nd rainfall, The data. wel~e analyzed t.o obta.in the daily avera.ldEs of
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t.rl!~.se papCi.metef'S t':1 r'eppesent t.he norma.l weat.her condi t.ion of t.he stL~dy

area, The daily average weather .data were inserted into a data file and

fed into the computer as input,

Crop Infnrrnation - The crop inform.=ttion needed for the rlKlIjel

of growth sta.ges and their dl..,JT'ation, P2spective crop sL~sceptibility

factors, the root. zone-depth, minimum moisture content for crop stress

development, standing water depth at the time of transplanting, etc, The

model assL~meddiffei"ent plalltil1~=J dB,ies fop Transplanted Arnall varying

fl~om JL~ly 1 to Al~gl4St 1.5 d.t B.ll intl?rval of five days. The sta.ges of

development a.nd their susceptibility factor'S a.5 peported by Karim (19:::5)

were used, The gr'owt.h st.a.l~e5and their crop suscept.ibility fact.or's B.re

I~iven in t.he Table J,

In this st.udy} crop coefficient curve developed by !<:-3.ewkL~laya(19:::0)

was used, The cr'op coefficient. CL~rvel..Jsedis shown in Fig, '3 a.nd

rnultiple rel~l~ession const.ants ar'e shown in Table 4,

The I~OOt.depth for' Transpli:\!lt.ed Ar!!B.nwas t.a.ken as ::'::0crn, It. was

also assumed that stress would occur if total soil moisture withill the

root zone depth fa.lIs below ::::0%of the satLH'a.t.ion value (Doorenbos a.nd

Kassam} 1979),





'0<4'_'

Susceptibility Factor for HYV Rice (Karim, 1985)

Table 4 Rel~Tession Constants of Crop Coefficient (Ke::) CLH've for Rice

0,2:::
0,40
I) ,4:::
0,59
0,44

Crop
Susceptibil ity

F".ctor
(3)

4::,
5
::::0
10
20

(2)

Duration

(Kaewkulaya, 1980)

Table 3, Duration of Growth Stages and Respective Crop

Growth stages

(l)

Transpalnting - Maximum tillering
Maximum tillering - Panicle initiation
Panicle initiation - Heading
Heading - Milk
t1ilk - Ma.t,-,rity

Regression Constant

ell

Transplanting to Mid
Growing Season

(2)

After Mid Growing
Season

(:3 )

0,800
0,104

-0,650
1 F:qn

-1.080

1,07
0,291
-0.7'38

0,480
-0,440
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Soil Informat.ion - r1olst.ure content. at. ~.;at.urat.ion B.nd field

capacity of soil varies significantly with soil texture, In this stu.dy,

the moistu.re content of 5011 at field ca.pa.ci ty a.nd satura.tion were

assufl1ed to be 40% and SO%by volume r'espectively, As mentioned ea.rIier'

the percolation rat.e Lmdel~sa.turate1j condition (P~:;AT)vB.r'ies widely

among the sites having similar ,soil conditions, Hence, percolation rates

of ::::! 6 a\ld '3 fl!fl!/day were d.ssL~medfor- rnoderate to hea.vy J 1ight

tomoder'ate and ver'y light te::.::tLlred soils} l~espectively,

MS'DaQ;:l<m~nt. Pract.lcp - Thl'ee different dike heights} 75, 150 and

22.5 mm we1"e considered in the model applica.tion, Supplemental irrigation

was appl ied l,I,lithout consic!er'inl;j a.ny physical constraints a.nd_the a.mount

was assumed to be .~,Ommof a sinl;jle a.ppl i(ation,

Appl i(ation

Dpt.ermip.=.t.iQO nf OptiOHJ['1 Plspt.il)n D.rlt.~-The model wa.5 applied to

calculate the relative yield of Transplanted Arnan grown under rainted

condit.ion for- sever-cd plant-inl;! dat.es start-iill,;} from July 1/ with an

incl"ement of five days upto AI.J.gust 15, Three tYpt=s of la.nd ha.vinl,d

pel"col-SJ.tion ra.te of :3/ 6 a.rllj 9 nHfl and three dike rte.il;Jhts 7.S / 1SO and 22S

fftn.! wel"'e (onside-pee! in the model applica.tion. The \"';:..riIJeof optimum
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planting date for each combination of land type and dike heig~t was

selected on the basis or model predicted relative yield,

F'lrlppinl~ I-If ~:;IJppJern~Dt.al Il"'fil;Jat.i'ilJ- It 1,1,121.5obseT'ved fr-om the da.ily

watel"' ba.lance t.rIB.t. moist.ure stress did not OCCUi"'before panic Ie

ini tiation (third gl"'owth stage) indicatinl;j that supplement-a.l irri1,;jation

might. be required after panicle initiation, Tht~s the pi"'cU;jra.ffl wa.s run

severa.l times by shifting the date of a.pplica.t-ion of a single

supplement-a. I il"'ril;ja.tion (50 mm) with an increment of two days, a.fter

panicle initiation till the relative yield was maximized, The date was

considered a.s the best date for the fir'st il"'rigatioll, When the desired

level of yield was llot achieved by the first irrigatioll
l

the best date

for applying a second irrigation was similarly selected, This process

was continued till the drought effect was completely avoided (100%

relative yield),



RESULTS AND DISCUSSION

Mnd~] Verifjrat.inn

The model has been developed on the basis of a simple emperical

yield funct.ion, It. needs e::-::per-iment.ally det-ermined yield j""educt.ion

f ae tors a,s input, The model could not be ver-i f ied dl..Je to lack of

appropiate field data on effects of drought on rice yield, Since the

crop susceptibility factors used in model application were derived from

field e;.::per'imental I"esu,lts, the model.is e::{pected to g~ve r'easonable

estimates. F'ef'sona.l contact wi th Dr', Z, t<ar im revealed tha.t the model

predicted results repfesent actual field situations,

o.pt.irnlJW Pl~DtiDQ Dat.J~ : The model predicted relative yield of

r'a,infed Transpla.nted Arlid.n rice for' diffel~ent dike hei*Jht.s (75 flun, 150 mm

and 250 mm)! percolation rat.es (3 rom/day, 6 rom/day and 9 rom/day) and

plantin*;:] dates a.1"'eshown in Ta.bles .s to 7,

Table 5, reveals that yield loss of Transplanted Arnan grown in
moderat.e t.o heavy te:;<t.L~redsoi 1 due to dl~oL~I;:]htcan be a.voided by

tra.nspla.nting the seedling on Ol~ before .July 11, Tt'"le transplant-in';:] Cd.ll

be delayed by 15 dB.ys wit.hout. any risk of yield loss if the dike hei.ght.

is increased tOL2S mm, Since the percolation rate is low! more wat.er
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will be available to the plant if management practice allows the

available water to be confined within the field by providing higher

dikes, Yield is expected to be substantially reduced if pla.nted later

than August 10 ir'l"'e5pect~ve of t.he dike height,

When l~r.owll in mode!"'ate to lil;lht te::<t.ul"'ed 50115 wi th per-cola.tion

rate of 6 rflft"!/day! significd.nt yield loss occlH'ed for pla.llt.ing dat.es

later than Ju.ly 11 (Table 6,), A yield loss of d.bOl..,!t20'X,OC[I.J.l"'edwhen

planted as late as July 6, As indicated in Table 6, I the yield loss is

slil;lhtly decl"'eased (2-4%) as the dike height is increa.sed fr.orll 7.S rnm to

1.50mm, But further. ra.ising of dike hei,;!ht did not have any effect 011

yield, This is because d. l;lreat.el"' pOl"'tion of the rain water CCi.n be stoped

for l.J.se dur.ing dr'OI)9ht d.S the dike hei,;:}ht is increa.sed up to 150 mm,

Ra.isilll;) the dike heil;lht beyond 150 mm could not help avoi1jing di"'ought

effect due to non aVd.ilabilit.y of e;{cess pain wa.ter,

As shown in Table 7, 1 fo1"' very light soils t.he yield dl"'opped below

t.he econofrtic threshold level (rela.t.ive yield of aboL~t 70X.) d.5 t.he

plant.ing was delayed beyond .JL~ly 6, Even if pla.nt.ed 011 July 1 the yield

was found to reduce by 26%, But the va1"'iation of dike height did not

affect the relative ,yield fo1"' this percolation rate, This is probably

due to non a.va.ila.bility of enol.J.1;jhwat.el"' t.o stol"'e fOI"' use dl...n'inl~ drought,

Planting on .July 11 resulted ill yield loss of as high as 43%,



TABLE 5, Relative Yield of Tra.nsplanted Ama.n6r'own Under Ha.infed
Concii tion in Moder'd.te to Hea.vy Te::<tuted SOlI (per-colat.ion rate
3mI'll/day) on the Basis of Avera.ye Da.ily fi:a.infall for the F'er'iod
1970-19:::0 for Differ'ent Dike Hei;Jhts d.nd F'lailtinl~ Dates,

Plant.ing Date Reld.t.i ve Yield YO!,) F01~

Dike Heil~ht

75 mm 1.50 fllft} 225 mm
(1 ) (2) (:3) (4)

,J,_, 1 Y' 11 100 100 100

July 16 91 -, 100 100,~

.July 21 7° 100 100. '-'

.JL~ly 26 64,8 '35 ,Eo 100

.July 31 .50 80 ,2 86,8

AUI;! 5 14,7 67 80 ,2
AL~g10 negligible 50, 1 60,4

Aug 15 nel;llil;!ible 20,6 32,4



TABLE 6, Relat.ive Yield of Transpla.nt.ed Am~.l1 Grown Under Rainfed
Condi t.ion in Li';lht to Moderate Te::(tur-ed ~=;(d1 (per'colation j"a.t.e
6mmiday)on the Basis of Averal;le DB.ily Rainfa.ll fop t.he F'er'iod
1970-19::':0 fOI" Different Dike Hei'.;jht.s ~.nd Planting Dates,

Plant-in-;} Date

( 1 )

.~!t~ly

July 6

J'J.ly 11
.JL~ly 16

July 21

Relative Yield Y(%) For
Dike Height

75 rnm 150 mm
(2) (:;:)

f:7,5 87,5

80 8 82,4

67 6 71 4

.56,6 58,2

::::0,8 32.4

22.S mm
(4)

~F ,,5

82,4

71 ,4

:::2,4
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TABLE 7 Rela.tive Yield of TrB.ilsplant.ed Ama.nGrown Under' fi.~ainfed
Condi tion in Very Li'.;Jht Te;<t.uted Soi 1 (percolation l~ate
9mm/day)on the Basis of Average Daily Rainfall for the Period
1'370-19:::0 for Differ'ent Dike Heil;!ht':3 d.ne!Plantinq Oa,tes,

Planting Date Relative Vield Y(%) For
Dike Height

I
I

( 1 )

July

.July 6

July 11

July 16

705 mm
(2)

73 .s

co c'
'-"-' '-'

56 2

26

1.50 rnm
(3)

.56 2

26

22.5 f!'!W

(4 )

73 .5

.1;.6 2

2E.
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Lmder ra.infed condi t.ion a.nel is subject.ed t.o yield loss dL~e t.o droL~ght.s,

But v'ield loss Cd.n be a.voided by ensl..Aring supplement.Ei.l irriga.tion, The

model predicted relat.ive yield wit.h supplemental irrigation for

di fferent dike heights (7.5 mm, 1.S0 mm
j
22,':, mm), percola.tion pa.t.es (:3

ffim/day, 6 mm/day and 9 mm/day) and planting dates are shown in Table 8

to 10,

As indica.ted in Table 8,) three supplemental irrigEi.tions were

required to avoid yield loss of Aman rice if transplanted before August

10 for' mOdel"'d.te to heEi.vy te~<t.L~l~edsoil and dike heil;;Jht of 705mm, The

number of irrigation could be CL~t down to only one by ra.i'::;ing the dike

height. t.o 150 mm This is because the higher the dike height, higher was

the value of effective j"'d.infall, As the tr'anspla.nting was ljelayed upto

AUI~L1st10j the number of supplement.al oi r-r igation to a.void dr'ought

increased to four for low dike heights (75 mm) and three for medium to

hi1;Jh dike heil,;jhts (l,SO mmand 22S mm),

For' moderd.te to lil;jht t.e>::tuped soil) three supplement.al irr'igations

were r'eqL~il"'ec! t.o avoid droulJht. effects for low dike height. and

t.l"'d.nspla.ntinl;} dat.e of as late d.SJuly 16 (Td.ble '3), The nurnbel"' of

il"'fil;lations in[l~easelj to fOUl"' if the tl"'anspld,ntin';j was done later,

Raising of dike heil~ht r'educed the number of i!~l"'igat.ion, But it was not.

a.s effective as fOl~ moderd.t.e to heavy te).::tured soil,
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TABLE8, --Opt.imal Da.t.es of Supplemental Irrigations a.nd Thei)~ Impa.ct. on
Relative Yield of HYV T, Aman Rice Grown in Moderate to Heavy
Soils (percolat.ion \~ate ::::mm/day) on the Basis of the AVeral;lE:
Daily Rainfall for the Period 1970-1980

Pla.nting Dike No, of Best Dat.e Relative
Date Height Irrigation of Yield

mm Applied Irrigation OD
( 1 ) (2) (3) (4) (,5)

.July :31 75 Ni 1 .50
1st Oct 2 7.S,8
2nd Nov 6 9-5,6
3rd Nov 14 100

'150 Nil :::0,2
1st Oct 15 100

22.5 Nil 86 ,8
1st Sept 27 100

Aug 5 ! .";:. Ni 1 14,7
1st Oct 27 E.4, :::
2nd Nov 6 84 6
:3r1j Nov 14 100

1050 Ni I 67
1st Oct S 100

225 Nil :::0,2
1st Oct 7 100

Aug 10 75 Ni 1 Negligible
1st Oct 27 44 ,2
2nd Nov 6 71 ,4
:3rd Nov 12 91 ,2
4th Nov' 20 100

1SO I'hl .50 1
1st Nov .-, 71 ,4"-
2nd Nov 14 91 .,,"-
:3r.d Nov .-,.'" 100LL

22.5 Nil 60,4
1st Nov 10 80,2
2nd Nov ]-=- 100. '-',



,

TABLE'3, --Opt.imal Oat.es of ~;upplernent.al I 1"1" iga.tions a.nd n-lei p Impa.ct. on
Relative Yield of HYV T, Arnan Rice Grown in Moderate to Light
~:;()ils (per'cola.tion pate 6 mm!lj2,Y) on the EEl_sis of Aver'a.ge
Daily Rainfall fo!"' the F'el"'iod 1970-19:30

Planting Dike No, of Best Date RelativeDate Height Irrigation of Yieldmm Applied Irrigation (1.:)
(] ) (2) (:3) (4) (,5)

.July 11 7.5 Ni 1 67,6
1st. Oct 1"', 94"-'
2nd Oct 19 '38,4*
3r'd Oct. 2.5 100

1.50 Ni 1 71 ,41st. Oct. 11 c!t 6-"-' ,
2nd Oct 21 100

225 Ni 1 71 ,4
1st Oct. 11 9.5,6
2nd Oct 21 100

.July lEo 7.5 N" ' 56,6.. 1.!.
1st. Oct 1.5 8:3
2nd Oct 21 98,4
31"'d Oct. 29 100

1.50 Nil .5:=:,2
1st. Oct. lS 84,6
2nd Oct 21 100

22..5 Ni 1 .5:::,2
1st Oct • c 84,61 "_,

2nd Oct. 21 100



TABLE 9, Conti nL~ed
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Plant.in';J Dike No. of Best. Date Relative
Date Height Ir riga tion of Yield

mm Applied Irrigat.ion (?;)
( 1) (2) (3) (4) <-5)

July 21 ~c Nil ::::0 81,_'

1st Sept... 21 .:••j .,,*
"-"-', "-'

2nd Oct 1£1 71 ,4
:::::l~d Oct .-..c 93,4";"'-'

4th Nov 2 100

1.50 Ni 1 :;:2,4
1st Oct P £,9,2','
2nd Oct 2:3 '31 -,,~
:3j~d Oct 31 100

22.5 Ni 1 32,4
1st Oct P 69,2','

2nd Dc+'" 23 91 ."),-
:~:r'd Oct 31 100

::t:: Addi tiona,l i r'l"i;;ja.tion wa.s r-equ.ired to obtain 100% yield
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As indica.t.ed in Table 10, t.he number of sL~pplement.al ir'ri9ations

increased as the t.ransplant.ing W-Ei.S delaye1j mOI~eand more, Ra.isinl;:J of
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TABLE lO,--Optimal Dat.es of ~::L~pplement.al Irr'igations and Their Impa.ct
on Relative Yield of HYV T. Aman Rice Grown in Very Light
::::oi15(percolat.ion l~ate 9 f1Hldday) on the Basis cd the
Average Daily Rainfall for the Period 1970-1980

Planting Dike No, of Best Date RelativeDate Height IrPigation of Yieldmm Applied Irrigati 011 00
( 1 ) (2) (3) (4) (,5)

.JL~1y 1 7.5-225 Nil 7:':':, .5
1st :::;ept 19 91 ?,~
2nd Oct 1'" 100'-'

--1,-, Iy 11 7.5-22~, Nil .56,2
1st :::ept lS' 62,64*'-'
2nd Oct 7 71 ,4
3rd Oct. 1." 91 ~,'-' ,~4th Oct 21 100

.July lE, 7.5-22.5 Nil 26
1st ::::ept 19 :::2,4*
2nd Oct 9 60,4
:::r-d Oct 1~, 80,2
4th Oct 25 100

* A,jdit.ional irri';a.tion was j"'equir'ed to obtain 100%yield
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CONCLUSIONS AND SUGGESTION FOR FURTHER STUDY

Conclusion

A computer model that can be used in predicting the impact of

\jar.iOL~Swa.t.ej~mallagernent. optiOllS on \~ice yiel1j ha.s been developed, The

usefulness of the developed model ha.s been denK,nstr'a.ted through its

appliea.tion in a dl""oul;lht prone a,l"'ea. (Ra.jsha.hi) to det.e!"mine the optimL~m

plant,ing Ija.te d,nd optimum irri:Ja.tion schedule for Tra.nspla.nted "Aman

grown under different soil conditions and farm management practices,

Based on results of model a.pplication the following conclusions can

be made:

To avoid sil;jni fica.nt yield 10s5 due to dl"ou';lht the tra.nsp12.ntin';l of

Amanrice in the stL~d'i 2,1"2ashould be done on or. before .July 21

f or moder~.te to he~.'y'y te::d.l.1r'ed soi I! .JL./lY 11 for' I il;:Jht to !y!oder'ate

t..e~<t.LH"edsoi 1 a.nd July 6 fOl"' very light t.e>::t.ur'edsoi 1,

2, Land management(adjustment of dike heil;:Jht) can not help in r'educing

dJ-'OUI;jht ef fee t. on Transpla.nt.ed Aman yield gr'own in modepat.e t.o I il;jht.

te::<tured soil bl..Jt can be an effect.ive way to r'eduee drought effect

for- moderate to heavy t.e:::t.ured soil,



::::, If t.l"'ansplant.ed la.t.el"' t.han t.he abDve dates supplement.al ll"'Pil;Jat.ion i"s

necessar'y dLH'inl~ final growth st.ages (Oct.ober/November') t.o avoid

yield loss due to drought,

4, The icrement.al benifit. of supplerl1ent.al irl"'i';jat.ion decreases a.s the

number of applicat.ion increases,

.s, The nUfflber of supplement.al irrigat.ion to obtain a.desil"'ed yield level

la.rgel y depends on the soi 1 type a.ne!date of tl"'anspla.nt.ing,

6, The number of application of supplemental irrigation can be reduced

by ra.ising the dike height. fl"'Orrl low to fllediwn (7.Snu'fl to 150 rnm) fo,"'

medium d.nd hea.vy te: :tul"'ed soi 1, But t.he adjustment of dike heil;)ht can

not help cut.ting down t.he nL@ber of appl ieat-ion for ve\"'y 1 il;)rlt-

te::-=:turedsoil,

In the model application most of the data were obtained from

.1itej"'atL~re and judicioL~S assumptions, Hence furt-hel"' vel"'ifica.tion of the

data. and upc!at.inl.;J of t.he conclusion ma';lbe .necess~.ry, Nevertheless the

model provides ~. useful tool t.o t.he dec ision makers deal ing wi t.h

irrigation planning for rice,
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Suggestion for Further Study

The following recommendations are made for further refinement. of

the present work :

1. Systematic collection of field data to provide a basis for

validation of the model,

2. Field e::<periments to deter'mine percola.f...ion losses from the rice

lands under intermittent irrigation,

3, Investigation to determine the mimimum soil moisture below which

the yield of rice crop will be significantly reduced,

4, Field e::<periments to verify the vd.lues of the Cl~OP suscetibility

factor used in this St-Uljy,

5, An economic analysis of the cost of supplemental irrigation and

the corresponding ret-urn from yield,
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NOTATION~;

A -- Uni t. yield f'eduction per I.1nit. a.rea. per uni t. of Stress Day Inde~{

a(w) -- Yield l~edljction factor' fop stPE:SS B.pplied on a ';wowth Sl.cv;le

a -- Factor

d.l -- Par'a,met.er

8 Para.meter

8 Yield reduction ratio where ET deficit sequ.encing is optimal

80 -- Yield r'eduction \~atio predicted for the season

CAP -- Capillary contribution

C -- Adj us tment fae tOi~

CT -- Imperical constant

C~t -- Pan coefficient

Ce -- Crop susceptibIlity factor

o Hoot zone depth

d Standing water depth

DAF -- Dra.inage adjustment fa.cto\~

ETp Potential evapoti~anspi l~ation

ElM Total E1 requirer!!ent

ETA Actual ET

Eo -- Average fresh water evaporation

Epan -- Pan evaporation

ETo -- F~efer'ence [ rop ET



NOTATIONS (Continued)

Sah.H'2.tion va.pou.r' presL!'-~I'eat mean ai r t.emper'.atL~re

F(u) -- Wind related function

Relati '.Ie gr'owt.h

GP Growth period

Ie Function fOl"' potential 9rowth for one irrigation cycle

Kc Crop coefficient
K Papa.met.er

A Relative sensitivity of the crop to water stress

m Crop factor

N Possible sunshine hours

n Actu.al sunshine hours

P Percolation

P~a~ -- Percolation at saturated condition

P~~~ld -- Percolation at field capacity
R -- R2I.infall

R'!!5 Inc ident global r'a.diation

Ra Extraterrestrial radiation

RHmax Ma.:=<imuf!!relaii '.Ie hL~midi ty

RHmin Minimum relative humidity

RHmean -- Average relative humidity

Fi:n Net r';.diation

SD Stress day factor

7'"'-'



NOTATIONS (Continued)

81 -- Stress index

SDl Stress Day Index

SSD Accumulated stress days

T Length of irrigation season

t Length of irrigation cycle

TR -- Transpiration

TRp -- Potential transpiration

TM~X Maximum temperature

Tmin Minimum temperature

Tmean -- MeEi.ll temperatl...!r'E

U% Wind speed at elevation z

WD Soil moist-ur"e content

W -- Temperature related factor

WDe.I!!\t.. -- Sa.t'~H'a.tedmoisture content

WD~ield -- Moisture content at field capacity

x Relative evapotranspiration

Y Actual yield

Ymax -- t"ia::<l.muft't yield

Yd -- Drought yield

YRR -- Yield reduction ratio

Yn -- Normal yield

z -- Elevation

74
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DEFINITION OF TERMS

Aus - Fhce growing sea.son from t1aPCh-AugL4s t

80r"0 fUce J~pow.i lll;} season from December-Ma.,,!

Crop Susceptibility Factor - Factor that indicates susceptibility of

plant to a J;:JivenwCJ.t.er- deficit.,

Drought - Phenomenon that occurs du~ to non occurrence of rain

Dike - an eayU-1 wall SLHTol..Jnding the rice field to pcovide standinl]

water in the field and for weed control

Economically Acceptable Yield - About 70% relative yield

Khar. i f I I - Crop ';lrow ing sea. son dl~rin9 September-Dc tober-

Optimum Planting Da.te - Tr'a.nsplant.ing date fOI~ ma::-::imL4ffl r-ela.tive yiel-d

F'ercola.tion - Downwal~d movement of water beyond the j"'ootzone to the,
'{!

WCl.t.er ta.ble

Rabi - Winter crop growing season during Nvember-March

Rainfed Cultivation - When rice is only on rain for its soil moisture

j"'eqL~i rements

Stress Day - A da.y in which total eqiv3.1ent wc..t.er depth in t.he field

fed Is below 80% of sd.tJ.Jrat.ion

SL~pplementCl.l Irri';jation - Ir'rigatioll tha.t. sL~pplemellts l"'ain

Upla.nd Crop - Crop l;lrown wit.hol~t. st.andinl;:J wat.e)~ in t.he field

Crop Water Requi I~ef!lents - I t. hei~e i IlC ludes eva.pot.l~a.nspirat.ion a.nd

percolation



Appendi::-:' III,-- List.ing of the Compl,.,!t.el""Modell
Sample Input and Output

77



5 REM DIMENSION DECLARATION
10, DIM MONTlIX(12),N(6),Cs(6), IrMNTH(6).lrDATE<lO),AMOUNT(lO), Ir-JULOO),SIJ<Q> I ""1)(
365),IRRIG(365),PRNAIN(365),PER(365),ETO<365),TKEAN(
365> ,AS:3MN(365)
20 FOR K = 1 TU 12
30 READ MONTHX<K)
40 NEXT
50 DATA 31,28,31,30,31,30,31,31,30,31,30,31
60 READ YES$, NO$ : DATA "YES". '"'
62 READ CKll,CK12,CK13,CK14.CK15
64 DATAO.80,0.104,-O.647.1.69~,-l.08
66 HEAD CK21.CK22,CK23.CK24,CK25
68 DATA 1,07,0,291,-0.798,0,48,-0.44
70 INPUT "IS TilE GROVING YEAR IS A LEAP YEAH ?",Y$
80 IF Y$=YES$ THEN MONTH(2) :::MONTli(2) + 1
51 REM SITE DATA
85 INPUT '''wHAT IS THE LATITUDE AND ELEVATION OF YOUR AREA?". XLAT. ELEV
86 REM REGRESSION CONSTANTS FOR RSa
90 REM Crop Informations
92 INPUT '''wHATIS THE NAME OF THE CROP 7",CROPS
94 PRINT "lJIlATIS THE PLANTING MONTH AND DATE FOR "CROPS"(ENTER MONTH AS TilE 5bH
tAL NO 1 FOR JANUARY AND THEN ENTER DATE SEPARATED B
Y A COMMAl": INPUT PMDNTH,PDATE
98 INPUT "WHAT IS THE NAM.B OF THE CROP i''',CROPS
105 MONTH = PMONTH : DATE = PDATE
10? CHAIN MERGE "JULIAN. SUB" ,loe,ALL
108 GOSun 35000 : PJUDA = JUDA
109 PRINT PJUDA
110 PRINT "\lHAT IS THE HARVESTING MONTH AND DATE FOR "CROPS: INPUT HMONTH,HDATE
140 MONTH = HMONTH : DATE = HDATE
150 GOSUS 35000 : HJUDA = JUDA
151 PRINT HJUDA
160 INPUT "110'1 MANY GR(')IJTHPERIODS ARB THERB i''',NGP
170 rOR X = 1 TO NGP-l •
180 PH INT "HO\l MANY DAYS BETWEEN GROWTH PERIOD-" X" AND GRO'JTH PER rOD-" X -t 1" Al<E T
HERE AND WHAT IS THE RESPECTIVE CROP SUCCEPTIBILITY
FACTOR '(":INPUT N(X),Cs(X)
190 NEXT
191 PHINT "\llIATIS THE STANDING WATER LEVEL AT THE TIME OF TRANSPLANTING": IN1'lJT
S\o'D
192 INPUT "DEGREE OF REGRESSION CURVE",NDR
193 FOH 1 = 1 TO NOR
194 PRINT "coefficient of";i;"order : input CRso(!) :next
195 INPUT "lJilATIS THE MINIMUM HEIGHT OF 'JATER FOR STRESS DEVELOPMENT 7",IJ1JMIN
205 REM SOIL INFORMATION
210 INPUT" 'WHAT IS THE SATURATED MOISTURE CONTENT IN HEIGHT OF 'WATER IN MM C:", ,\I
DSAT
220 INI-'UT 'WHAT IS THE FIELD CAPACITY OF THE SOIL 7",'JDFl.D
230 INPUT" 'WHAT IS THE PERCO~ATI0N UNDER SATURATED CONDITION ?",f'SAT
240 INPUT" HAVE YOU APPLIED ANY SUPPLIMENTARY IRRIGATION ?",Ys.
250 IF Y$ NO$ THEN GOTO 320.
260 INPUT" HO'W MANY IRRIGATION/S HAVE YOU APPLIED 7", Irr!
270 FOR Z 1 TO Irri
280 PfdNT "MONTH,DATE AND AMOUNT FOR IRRIGATION-"Z" (ENTER THE SERIAL NU OF MCJUTH
THEN DATE THEN AMOUNT IN MM OF HEIOGHT OF IJATER)" :
INPUT lrMNTH(Z),IrDATE<Z),AKOUNT(Z)
290 MONTH = IrMNTH(Z) : DATE = IrDATE(Z)
295 INPUT" \o'HATIS THE DIKE HEIGHT IN MM ?",WDMAX
300 GOSUB 35000 : IrJUL(Z) = JUDA
310 NEXT
320 INPUT" DO YOU HAVE EVAPORATION DATA i''',Y$

78
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YOU 'JANT TO ESTIMATB EVAPOTRANSPIRATION DATA BY PENN MAN M.uTlltH) ..•••

THE PROGRAM DISK ",Y$ :GOTO 402
\iANT TO ESTIMATE EVAPOTRANSPIRATION BY HARGRIEVES METiHJD .r". Y

"; SD <I) j" CEO< I) -." Cs ( I

o

="RYEILDj ••~"

Z+l

DIRECTLy 7",Y$

Z

= 1 THEN Imx = Imx -1IF

1
365. THEN 1m = 1

THEN GOTO 340
"RDEVPO. SUB" ,33'1. ALL

XSD/ N <I) : PR I NT •• I = ••I i II N <I) =" N ( I ) j •• SD <I )

SDI -t' SD<I)tCs(I):PRINT "SDI = "SDI

IF Y£ '"NQ$
CHAIN MERGE
GOSUB 55000
INPUT "INSERT TilE PROGRAM DISK",Y$ : GOTO 400
IN~UT " DO YOU 'JANT TO ENTER EVAPOTRANSPIRATION
IF Y$ =- NO$ TIIEN GOTO 360
CHA I N MEl~GE II RDEVPT. SUB" I 354, ALL
GOSUS 3'1000
INPUT " INSERT
INPUT DO YOU

IF Y$ NO$ THEN GOTD 390
CHAIN MERGE "EVPTHR.SUB",37'1,ALL
GOTO 2?OOO : GOlO 404
GOTO 404
INPUT DO

SDI =-
NEXT
RYEILD = 100 • (l-SDI): IF RYEILD < 0 THEN RYEILD
PRINT "YEILD SIMULATION MODEL FOR RICE"
I-'RINT " THE MODEL IS RUNNING FOR THB CROP "CROP$
PRINT "PLANTING DATE ="PJUDAj" "; "RELATIVE YEILD

330
335
337
339
340
350
352
354
355
360
$

37,0
375
3'17
3'19
390
.1$
395 IF Y$ NO$ THEN GOTD -320
397 CHAIN MERGE "PENMAN.SUB",398.ALL
398 GOSUB 20500
399 INPUT "Insert your program disk", YS ; GOTO 406
400 CHAIN MERGE "RDRAIN.SUB",401,ALL,DBLBTB 55000-55220
401 COSUB 56500 : GOTO 410
402 CHAIN MERGE "RDRAIN.SUB",403.ALL,DELBTB 37000-37140
403 GaSUD 56500 :OOTO 410
404 CHAIN MERGE "RDRAIN. SUB" ,405, ALL,DELETB 27000-27160
405 caSUB 56500 :OOTa 410
406 CHAIN MERGE "RDRAIN.SUB",407.ALL,DBLETB 20500-20850
407 cosus 56500
410 J :;::PJUDA: lJD(J) ::: IJDSAT + 50 :SDI '" 0: 2'"'1 : L='2
420 FOR I = 1 TO NGP-l
421 XSD = 0: Imx = N<I>
422 FOR K = 1 TO Imx
423 IF J ) 365 THEN J
424 1m = J + 1 : IF J
426 GaSUB 11000
430 IP Z > lrr1 THEN IRRIG<lm) = 0 : GOTO 444
440 IF J = IrJUL<Z) THEN IRRIG<lm) = AMOUNT<Z)
443 H = HJUDA : IF PJUDA > Ii THEN H = H + 365
444.R =L/110
445 IF R > 0.5 THEN GOTO 448
446 Kr = CK11 +(CK12+<CK13+<CK14+CK15.R).R).R).R
447 GOTD 450
448 Kr = CK21 +(CK22+<CK23+(CK24+CK25.R).R).R).R
450 VD<1m) = \iD(J) + PRRAIN<1m) + IRRIGOm) - PER<1m)-Kr.ETO<1m): IF 1;{D<lIU) > 'wi
DMAX -t- 'JDSAT TUEN 'rID <1 m) = \iDMAX + lJDSAT
452 IF VD<lrn) < 0 THEN 'JD<lm) =: 0
455 PRINT "J DAY="llllj It W'D="liD (1m) ; II RAI N=" PRRAIN < 1m) j "PER=" PER <1 m) j "ETO::." ETO (1 Ill) ;" K
r=" Kr j" IRIG=-" I RH IG <1m)
460 IF VD(lm) >= VDMIN THEN GOTO 480
4'10 XSD = XSD + 1: PRINT "XSD = "XSD
480 J = J + 1 :L=L+1
485 NEXT
500 SD <I).
)

510
520
530
540
550
560

I
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I
PJUDA +.110 :IF PJUDA ) 240 THEN GOTO 5tW

,-..

••YES" THEN GOlD 27IF Y$

GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120
GOTO 20120

GOTO 27220
I = PJUDA : J = HJUDA
IF I ) J THEN J = J + 365
FOH DAY = I TO J

570 PJUDA = PJUDA + 3: HJUDA
575 GOTa 3~(5
580 END
585 REM PER. SUB
11000 IF IJJ)(J-l) ) W'DMAX THEN IJD(J-l) IJDM.AX
11010 IF IJD(J-i) )= IJDSAT THEN PERC]) PSAT
11020 IF IJD(J-l) <= 'w'DFLD THEN PERU) 0
11030 PERC]) = PSAT • IJD(J-l)/(1J8AT-IJDFLD)
11040 RETURN
11045 HEM MONTH. SUB
20000 IF MONTH 1 THEN DAY 31
20010 IF MONTH 2 THEN DAY 28
20020 IF MONTH 3 THEN DAY 31
20030 IF MONTH 4 THEN DAY 30
20040 IF MONTH 5 THEN DAY 31
20050 IF MONTH 6 THEN DAY = 30
20060 IF MONTH 7 THEN DAY 31
20070 IiiMONTH 8 THEN DAY 31
20080 IF MONTH 9 THEN DAY 30
20090 IF MONTH 10 TUEN DAY 31
20100 IF MONTH 11 THEN DAY 30
20110 IF MONTH 12 THEN DAY 31
20115 REM JULIAN. SUB
20120 RETURN
20500 DiM TMEAN(200),RHMEAN<200). ASSMN(200) , VELMN(200)
20~lO CIIAIN MERGE "RDTHAV. SUB".20512. ALL
20512 GOSUB 43000
20630 FOR J = PJUDA TO HJUDA
20640 C = 1: DEL = 2'<O,00'738.TMEAN(J)+O,8072)~'7-0,00116
20650 CP = 0.24 :PA= 1013 - 0.1055'BLBV : LAMDA = 595 - O.51'TMEAN(J)
20b~O E = 0.622 : a = 1.35 : b = -0.35 : a1 = 0.34 : b1 = -0.044
206'l0 GAMMA = CP'PA/(LA~A'E)
20680 XT = 0.Ol'7453.XLAT :Y = .COS(0.01'7214'(J+192»
20690 DR = 0.40876 .y :SR = 1,00026 + 0.03269'Y
20'100 Z = -TAN(XT).'TAN(DR) : AZ "" ATN(SQR(l-ZA2)/Z)
20710 PSS = 7.63942'AZ : AR = AZ'SIN(XT)'SIN(DR)
20720 BR COS(XT)'COS(DR)'SIN(AZ)/SR
20730 RA = 916.732'(AR+BR)
20740 RS = (0.25+0.5'ASSMN(J)/PSS)'RA
20750 RSD = O. 166'10~-4.J-3 +0.205e10--leJ-2 +0.567'10'J + 0.381'10~3
20760 EAF = 1.3329'EXP(21.07-5336/(T~EAN(J)+273. 1»
20770 ED = RHMEAN(])'EAF/100
20780 RBO = (a1 + b1'SQR(ED»'11.'71'10~-8'(TMijAN(J) + 2'73) ~4
20790 RB = RBO'(a +RS/RSO'b)
20800 ~= DEL/(DEL + GAMMA)
20610 U2M = VELMN(J)'(2/ELEV)-0.2
20820 FV = 0.27'(1+0.01'U2M)
20830 RNET = (0.77eRS - RS) • 10/LANDA
20840 ETO(J) = C'(W'RNET +(l-W)'FV'(EAF-ED»
20845 NEXT
20850 RETURN
27000 DIM TMEAN(365),ASSMN(365)
27010 INPUT "YOU 'JILL BE NEEDING TMAX,TMIN,ASS DATA FOR THE METHOD",Y$
27020 CHAIN MERGE "RDTHAV.SUB".27030,ALL
27030 GOTO 43000
2'7040 INPUT "DO YOU 'JANT'TO START CALCULATION ?",Y$
060
2'1050
27060
27070
27080

:-',

"I
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HJ"TMEAN(JUL}: IF JUL

Z> 0 THEN 00'1'0 2'1135: AZ -:L 14 I

H + 365

"ETO(K); "JULIAN DAY ="K

EODATE :GOTO 52160
SDDATE : GOTO 52140

THEN K ""K - 365
TMEAN(K)
Y = COS(0.01721421~.(K
1.00028 + 0.03269.Y
:ZAZ = SQR(1-ZA2)/2: IF

EDMONTH THEN .M
SDMONTH THEN L

2'1090 K ::: DAY: IF K > 365
27100 LAMDA :::595 - 0.51 •
2'1110 XI ::: O.Ol'1453'XLAT :
27120 DR :::O.40876.Y :SR :::
27130 Z :::-TAN<XT)'TAN(DR)
5':J2654.t of ATN<2AZ)
27135 AZ :::Al"U<ZAZ>
2'1l40 1'~3S :::: '1.6:3942'1A2 :AR ::: AZ 'SIN<XT>-SINCDIO
27160 BH COS(XT>'COS(DfO'SIU(AZ)ISR
2'/160 HA ::: 910. '/32. (AIHBfO
271'10 NS :::<O.2510.5'ASSMN(K)/PSS)'RA/LAMDA • 10
27~80 TMEANe ~ TMEAN<K)'9/5 + 32
2'1190 ETO{K) :::O,0075'TMEANC'RS
27200 PRINT "EVAPOTRANSPIRATION HR
27210 NEXT
27220 GOIO 3'19
:~')noo J ::;llM ::: '0
:J'.)OlO J;UI, J"" 1 TU 1::::
35020 IF MONTI! :::J THEN GaTa 35050
35030 ISUM ISUM + MONTH X (J)

35040 NEXT J
35050 J tWA::: ISUM + DATE
35060 RETURN
36000 ISUM :::0

.36010 FOR J= 1 TO 12
36020 18UM ::: ISUM + MONTn (J)

36030 IF JUDA (= ISUM THEN GOTO 36050
36040 NEXT
36050 DATE = JUDA - 18UM + MONTH(J)
36060 RETURN
52000 INPUT "ENTER THn STARTING MONTH AND DATE OF DATA ENTRY",SDMONTH,SDDATE
52010 INPUT "ENTER THE ENDING .MONTH AND DATE OF DATA ENTRY", EDMObiTU.EDDAIE
52020 INPUT "Do you have a 'ile name?". flnm$
52030 INPUT II For how many years do you have maximum and minimum tE:lIQperotul"t:: dCit
a ?".NYR
52040 INPUT" Insert the maximulIl and minimulD temperature d~ta f.1Ie 'dibk ". Y:a.
52050 OPEN "I".1.flnm$
52060 SD = SDMONTH :ED = EDMONTH
52070 IF SDMONTH > EDMONTH THEN ED = ED +12
~2080 FOR XMONTH = 3D TO ED
52090 IF XMONTH > 12 THEN XMONTH = XMONTH - 12
52100 MONTH = XKONTH
52110 GOSUB 20000
52120 IF XMONTH
52130 L = 1
52140 IF XKONTH
52150 M = DAY
=';2160FOR XDAY = L TO M
52170 MONTH = XMONTH : DATE = XDAY
52180 GOSUB 35000 : JUL = JUDA
52190 STMAX = 0 : STXIN = 0
52200 FOR XYEAR = 1 TO NYR
52210 INPUT LI, TMAX.THIN:PRINT ••YEAR="XYEAR;"MONTH="XMONTII; ..DAY=..;.XDAY;".JfJAY:....JU
L;"THAX = "THAXi "THIN = "THIN: STHAX =BTHAX + .THAX -:
BTXIN = BTXIN + TMIN

52220 NEXT
52230 TMEAN<JUL}= (STMAX + STMIN)/(2.NYR}:PRINT "TMEAN
UvA THEN COTO 52250
52240 rlEXT: NEXT
52250 CLOSE
52251 H = IIJUDA : IF PJUDA > H THEN H

~;
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IF J UL

"RIIMIN: IF JUL )= PJUU

"RBMEAN(JUL) :

maximum and minimum humidity

J THEN GOTO 52257

EDDATE :GOTO 53160

SDDATB : GOTO 53140

BDDATB :G01'O 53660
SDDATE : ,GOTO 53640

BDMONTH THEN L

EDMONTH THEN M

EDMONTH THEN M

SDMONTH THE"ilL

OPEN "O",l,"TMEAN.DAT"
FOR J = PJUDA TO H
I¥ J ) 365 THEN J = J-365
WRITE L1t TMEAN(J): IF HJUDA
NEXT
CL()~E
l-<ETUf<N
INPUT "ENTER THE STARTING MONTH AND DATE OF DATA ENTRY",SDMONTH,SDDATE
INPUT "ENTER THE ENDING 'MONTH AND DATE OF DATA ENTRY",EDMONTH,EDLJATE
INPUT "Do you have a file name?",flnmS
INPUT" For how many years do you have

52252
52253
52254
52255
52256
0225'(
52260
53000
53010
53020
53030
". NYR
53040 INPUT" Insert the maximum and minimum humidity data file d16k ", y~
53050 OPEn "I".l.flnm$
53060 SO = SDMONTH :ED ;::BOMONTH
53070 IF SDMONTH > EOMONTH TliEN ED = ED +12
53080 FOR XMONTH = SO TO ED
53090 IF XMONTH > EOMONTH THEN XMONTH ;;;;XMONTH - 12
53100 MONTH = XMDNTU
53110 GOSUB 20000
53120 IF XMONTH
53130 L = 1
53140 IF XMONTH
53150 M = DAY
53160 ¥OR XDAY = L TO M
53170 MONTH = XMONTH : DATB_ = XDAY
53180 GOSUB 3~OOO ; JUL = JUDA
53190 SHMAX = 0 : SHMIN = 0
53200 FOR XYEAR = 1 TO NYR
53210 INPUT .Ll, RHMAX, RHMIN: PRINT "RHMAX = "RHMAX,"RHMIN
A THEN SHMAX =SHMAX + RHMAX : SHMIN ;::SHMIY + RUMIN
53220 NEXT
53230 RHMEAN (J UL) = <SHMAX + SUMI II) I <2_NYR): PRI NT II RHMEAN
;::BJUDA THEN GOTO 53250
53240 NEXT: NEXT
53250 CLOSE
53260 RETURN
53500 INPUT "ENTER THB STlRTING MONTH AND DATE OF DATA BNTRY ",SDMONTII,SDlJA-IE
53510 INPUT "ENTER THE ENDING MONTH AND DATE OF DATA ENTRY ",EDMONTH,EDlJATE
53520 INPUT "00 you have a file name?", flnm$
53530 INPUT" For how many years do you have veloc'lty data 7", NYR
53540 INPUT "INSERT THE VELOCITY DATA DISK AND THEN PRESS RETURN/ENTER",Yf,
53550 OPEN "I"tl,flnm$
53560 SO = SOMONTH : ED = EDMONTH
53570 IF SDMONTH ) EDMONTH TilEN ED = ED + 12
53580 FOR XMONTH = SO TO ED
53590 IF XMONTH ) EDMONTH THEN XMONTH = XMONTH - 12
53600 MONTH = XMOHTH
53610 GOSUS 20000
53620 IF X1>fONTH
53630 L = 1
53640 IF XMONTH
53650 M = DAY
53660 FOR XDAY = L TO M
53670 SVEL = 0
53680 MONTH = XMONTH : DATE = XDAY
53690 GOSUB 35000 : JUL = JUDA
53700 FOR XYEAR = 1 TO NYR
53710 INPUT LI,VEL: PRINT "VEL= "VEL: IF JUL )= PJUDA THEN SVEL = SVEL .•.VEL53720 NEXT
53730 VELMN(JUL) = SVEL/NYR :PRINT "VELMll = "VELMN(JUL):IF JUL = HJUDA THEN GOTO

"



53750
53740 NEXT NEXT
53750 CLOSE
53760 RHTUl<N
54000 IN1-'U1' "ENTER THE STARTING MONTH AND DATE OF DATA ENTkY ". SDMONTH, ~PIJATE
54010 INPUT "ENTER THE ENDING MONTH AND DATE OF DATA ENTkY ",EDMONTli,ElJDAlE
54020 INPUT "Do you have a file name?", flnm$
54030 INPUT" For how many years do you have actual 'sunshine da.ta 7" I NYU
54040 INPUT "INSERT THE ACTUAL SUNSHINE DATA DISK AND TIIEN PRliSS kETUl<N/ENlEI(",Y

•54050 OPEN "1".l,flnmf>
54060 SD ;::SDMONTH : ED = BDMONTH
540'10 IF SDMONIH ) BOMONTH TUBN ED = ED + 12
54080 FOR XMONTH = SD TO ED
54090 IF XMONTH ) 12 THEN XMONTH = XMONTH - 12
54100 MONTH = XMONTH
54110 GOSUB20000: PRINT "day:="DAY
54120 IF XMONTH SDMONTH THEN L SDDATE: GOTO 54140
54130 L = 1
54140 IF XMONTH EDMONTH THEN M BDDATE :GOTO 54160
54150 M = DAY'
54160 FOR XDAY = L TO M
54170 SASS = 0
54180 MONTH = XMONTH : DATE = XDAY
54190 GOSUB 35000 : JUL = JUDA
54200 FOR XYEAR = 1 TO NYR
54210 INPUT Ll,ASS : PRINT "YEAR ="XYEARi"MONTH="XMONTHi"DAY="XDAYj"JDAY"'-"JUL;"A
58= "ASS: IF JUL >= PJUDA THEN SASS = SASS + ASS:PR
INT "SASS="SASSj"PJUDA="PJUDA
54220 NEXT
54230 ASSMN<JUL> ::; SASS/NYR :PRINT "ASSMN "ASSMN<JUL>: IF JUL HJUDA THEN GD"J()
54250

54240 NEXT : NEXT
54250 CLOSE •
54260 RbTUfW
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IS THE GROWING YEAR IS A LEAP YEAR 7
WHAT IS THE LATITUDE AND ELEVATION OF YOUR AREA? 24.2 10
WHAT IS THE NAME OF THE CROP ?TRANSPLANTBD AMAN
WHAT IS THE PLANTING MONTH AND DATE FOR TRANSPLANTED AMAN
(ENTER MONTH AS THE SERIAL NO 1 FOR JANUARY AND THEN ENTER DATE SEPARATED BY A C
OMMA] 7 1
1J1IAT IS THE HARVESTING MONTH AND DATE FOR TRANSPLANTED AMAN 10 16
HOW MANY GROWTH PERIODS ARE THERE ? 6
HOW MANY DAYS BETWEEN GROlJTH PBRIOD- 1 AND GROIJTH PERIOD- 2 ARE THERE AND WUAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR? 45
0.28

HOW' MANY DAYS BEHmEN GROWTH PERIOD- 2 AND GROIJTH PERIOD- 3 ARE THEf<E ANn 'WHAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR? 5
0.4

HOW MANY DAYS BETIJEEN GRO\rlTHPERIOD- 3 AND GROIJTH PERIOD- 4 ARE TIIE~b AND 'WIIAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR? 30
0,48

HD'W MANY DAYS BETWEEN GROWTH PERIOD- 4 AND GRO\iTH PERIOD- 5 ARE THERE AND 'WIIAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR? 10
0.59

1I0'WMANY DAYS BETWEEN GROWTH PERIOD- 5 .AND GROIJTH PERIOD- 6 ARE THEkE AN}) 'WHAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR? 20
0.44
\IIllATIS THE DIKE HEIGH,\ IN MM 7 150
\JHAT IS THE SATURATED MOISTURE CONTENT IN HEIGHT OF YATER IN HI( 7 150

1JHAT IS THE MINIMUM HEIGHT OF WATER FOR STRESS DEVELOPMENT? 120
WHAT IS THE FIELD CAPACITY OF THE SOIL? 120
1JHAT IS THE PERCOLATIOO UNDER SATURATED CONDITION 7 6
HAVE YOU APPLIED ANY SUPPLIMENTARY IRRIGATION 7
DO YOU HAVE EVAPORATION DATA?
DO YOU ~ANT TO ENTER EVAPOTRANSPIRATION DIRECTLY?
DO YOU WANT TO ESTIMATE EVAPOTRANSPIRATION BY HARGRIEVES METHOD ?YES
I 1 N(l) 45 SD(I) = 0 Cs(I) = 0.26 SOl = 0
I 2 N([) 5 SD(I> = 0 Cs(I> = 0.4 SOl = 0
I 3 N(l> 30 SD(I) = 0 Cs(l) = 0.48 SOl = 0
I 4 N<I) 1050(1) = 0.1 Cs<l) = 0.59 SOl = 0.059
I 5 N(!) 20 5D<I) = 0.15 Cs<I) = 0.44 SOl = 0.125
YEILD SIMULATION MODEL FOR RICE
THE MODEL IS RUNNING FOR THE CROP TRANSPLANTED AMAN

PLANTING DATE = 162 RELATIVE YEILD = 67.5 %
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------- .

MONTH DAY VEL ASS' TMEAN RIIMN. RAIN liT{O)

JUL 1 7.000 4.791 29.0'13 87.045 2.091 4.040

JUL 2 5.727 4.5'13 29.059 83.000 6.545 3.905

JUL 3 4.636 6.182 29.095 80.818 6.545 4.904

JUL 4 5.364 6.627 29.786 81.682 4.364 5.25'iJ

JUL 5 4.364 4.891 29.768 81. 7'13 O. 7~" 4.16'1

JUL 6 5. '12" '1.100 29.736 82. r/73 3.545 ti.t>50

JUL "1 5.364 7.073 29.100 82.273 2.364 ~. 456

JUL 8 7.182 6.955 29.164 85.182 4.000 5.3~1

JUL 9 5.636 7.455 29.245 83.818 8.364 5.'111

J UL 10 5.364 Q.300 29.159 85.864 4.636 4.985

JUL 11 3.909 6.018 29.37'1 86.tiOO 8. '/2'1 4. U::54

JUL 12 4.818 5.3'13 28.941 86.727 12.182 4.390

JUL 13 4.364 4.627 29.686 85.682 7.091 3.096

JUL 14 6.545 3.845 29.082 86.318' 11. 000 3.459

JUL 15 5.182 3.064 29.005 121.636 11. ""G'I 2.~'10

JUL 16 5.455 2.364 '27.941 67.545 22.545 2.4'/8

J UL 17 4.909 3.127 27.609 89.2'13 20.182 2.917.

JUL 18 3.545 5.127 27.614 87.091 11. 000. '4.133

JUL 19 4.'127 4.662 28.505 67.455 6.091 3.926

JUL 20 4.364 5.627 28;814 84.318 4.636 4.534

JIJL 21 3.727 4.564 29.100 87.864 13.909 3.905

JUL 22 2.909 2.964 28.791 87.955 24.636 2.895

JUL 23 4.818 2.982 29.259 85. 136 6.273 2.937

JUL 24 5.909 5.173 29.236 85.136 7.364 4.295

JUL 25 5.273 4.691 29.009 85.4.55 8.4.55 3.9'15

JUL 26 5.364 5.564 28.973 88.045 10.545 4.510

.I UL 2'1 5.727 3.000 28.795 87.455 17. 182 2.917

JUL 28 4.000 3.891 26.505 88. 136 19.455 3.442

JUL 29. 4.909. 4.518 28.427 85.500 20.909 3.81"

JUL 30 4.636 4.073 29.000 65.227 3.545 3.591

JUL 31 5.545 • 3.491 28 ..877 85.955 2.727 3.223

AUG 1 4.182 6.645 28.432 83.591 8.182 5.109

AUG 2 4.273 6.173 29.305 82.045 2.182 4.915

AUG 3 4.727 6.627 29.318 "1'1.818 0.909 5. 19'1

AUG 4 9.000 6.109 29.055 82.545 1.636 4.846

AUG 5 6.182 4.273 29.127 86.682 5.818 3.719

AUG 6 5.818 4.609 28.777 66.864 16.636 3.895

AUG 7 5.636 5.264 28.514 66.227 19.364 4.269

AUG 8 6.273 6.736 28.655 85.591 9.636 5.1'/8

AUG 9 4.364 6.173 29.018 82.773 6.182 4.872

AUG 10 3.545 5.618 29.382 82.864 4.618 4.566

AUG 11 3.636 5.373 29.150 83.316 6.727 4.369

AUG 12 6.273 6.964 29.655, 82.045 1.091 5.425

AUG 13 5.000 '{.462 29.068 84.455 10.2"3 5.670

AUG 14 6.182 6.700 29.105 81. 727 7.727 5.191

AUG 15 6.618 4.582. 26.655 85.182 17.727 3.850

AUG 16 6.091 4.745 28. 182 87.000 44.818 3.905

AUG 1"1 4.273 6.464 29.014 85.955 4.182 5.025

AUG 18 4.000 6.536 28.577 86.273 12.909 5.016

AUG 19 4.636 4.073 28.200 66.818 13.636 3.494

AUG 20 3.364 5..600 28.645 85.227 6.727 4.449

AUG 21 3.364 4.364 29.077 84.045 8.364 3.734

AUG 22 3.909 6.409 29.518 82.727 5.162 5.025

AUG 23 4.727 4.864 29.232 82.818 0.545 4.045
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AUG 24 3.000 3.700 29.527 82.909 5.273 3.353
AUG 25 3.909 4.745 29.355 86.182 3.182 3.9'/5
AUG 26 5.818 7.173 29.632 80.591 8.545 5.483
AUG 27 6.000 5.591 28.868 82. G'13 2. '12'7 4. 4:~~
AUG 28 6.273 4.855 29.259 84.136 1.909 4.01h
AUG 29 4.182 5.555 28.323 85.636 21.364 4.34~
AUG 30 4.182 3.855 28.782 82.227 3.545 3.300
AUG 31 4.455 4.418 28.432 80.955 7.000 3.669
SliP 1 6.273 7.418 28.918 84.227 6.909 b.500
SliP 2 6.545 5.373 29.286 82.9b5 2.182 4.:504
SliP 3 6.000 4.945 29.177 84.318 5.909 4.030
SliP 4 5.273 4.818 28.864 84.364 11.000 3.920
SliP 5 4.909 6.845 29.059 83.136 4.2'73 5.139
SliP 6 4.909 4.773 29.123 83.727 5.909 3.901
SliP '( 4.000 6.845 29.273 82.000 8.909 5.145
SEP 8 3.909 7.691 29.541 81. 864 3.273 5.6'13
SEP 9 6.091 6.836 28.664 82.545 9.636 5.051
SEP 10 4.927 3.791 28.686 84.773 12.816 3.259
SEP 11 3.818 5.382 28.605 85.091 6.818 4. 1'/4
SEP 12 4.364 4.964 28.295 83.136 '7.182 3.ti0b
SEP 13 3.364 6.573 28.614 83.864 10,2'13 4.tl49
SEl' 14 2.636 6.227 28.650 84. '7'{3 8.364 4.642
SEP, 15 3.818 5.218 28.632 83.636 6.909 4.Q4b
SEP 16 5.000 5.200 28.373 83.227 13.000 4,002
SEP 17 3.273 7.755 29.032 80.909 5.364 t>.536
SliP 18 2.727 ,8.718 29.459 ?9.545 2.364 6.13tl
SliP 19 2.818 7.827 29.664 79.318 4.182 5.62b
SSP 20 3.091 8.536 29.950 81.000 1.000 6.060
SEP 21 3.72'1 8.655 30.527 81.72'{ 1.818 6.196

SSP 22 3.182 7.373 29.714 82.955 9.727 5.324
SEP 23 3.000 6.955 28.832 81. 182 7.364 4.969
SliP 24 3.182. 8.'718 28. '195 81. 136 7.364 5.v5]
SEP 25 3.909 6.427 29.436 83.318 13.091 4,70tl
SSP 26 4.182 6.736 29.064 82.227 7.182 4.828
SEP 27 3.000 7.782 29.005 82.773 20.000 5.397
SEP 28 4.091 6.000 28.591 81. 864 26.000 4.337
SEP 29 8.091 5.409 28.673 85.773 7.455 4.002
SSP 30 10.000 4.182 28.455 84.682 23.091 3.291
OCT 1 3.000 4.873 28.645 84.864 15.836 3.6'7'7
OCT 2 2.636 6.745 28.073 81. 773 4.364 4.638
OCT 3 2.909 6.209 28.359 84.727 10. 182 4.360
OCT 4 2.727 6.873 28.314 82.409 6.455 4.'102
OCT 5 2.545 8.533 28.650 81. 318 6.182 5.628
OCT 6 2.909 6.018 28.805 82.773 1.000 4.254
OCT 7 3.545 6.682 28.736 82.636 2.000 4.594
OCT 8 2.909 7.282 28.595 82.'127 5.727 4. eWI
OCT 9 2.909 8.045 28.864 82.591 3.364 5.312
OCT 10 2.455 9.864 28.614 80.545 1.091 6.23'.)
OCT 11 2.091 9.455 28.305 78.000 6.909 5. y~)6

OCT 12 2.636 9.164 28.327 75.'173 3.091 5. '/b:.5

OCT 13 2.818 8.573 28.350 77.955 6.455 5.453
OCT 14 2.636 9.645 28.291 79.545 1.636 b.YOU
OCT 15 1.727 10.064 28.441 '16.000 1.45:> 6.20';)
OCT 16 2.455 10.255 28.373 '15.909 0.545 6. ~'/l

OCT 17 2.545 10.000 27.959 75.'1'13 0.364 6. ()~,8

OCT 18 2:818 8.527 '27.909 '{8.136 1.000 5.2'1:j

OCT 19 2.818 8.927 27.395 0.000 0.000 0.000
OCT, 20 3.000 8.527 27.809 0.000 0.000 0.000
OCT 21 3.455 8.627 27.486 0.000 0.000 0.000
OCT 22 3.000 8.982 27.382 0.000 0.000 0.000

't-'
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