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OBRSTRACT

yield, The model scans the siress days using daily water balance and
calculates the relative yield bassed on sxperimsntally determined crop

susceptibility factors, The wodel was applied to a drought prons area to

rainfad condition and best date of supplemental irrvigation, Long term

weather dat

n

were collected and analysed to determine the normal
weather condition of the study area, Dther input deta for model
application were obtained from literature and judicicus assumptions,
The resulis of the model application revealed that economic ally
acceptable yvield of Aman rice under rainfed conditiom gowld be obitained

By the proper selection of transplanting date, When transplanted later

supplemental irrigation was required during reproductive and ripening
stage to avoid yield loss due to drowght, The number of supplemsntal

irrigation w found to be dependant on the type of soil and planting

Ill
1

date, Land wanagement, 1,2, adjustment of dike height was found o be an
effective way of reducing the number of supplemental irrigation for
haavy and moderats to light tewtured seils, High risk of substantial
yigld loss is involved when Transplanted Aman is grown in light textured

soils ynder rainfed condition,

e
L




The model could not be verified duse to lack of appropriaste field

dat

Y

The crop Eusceptibiiity fartors wusaed in the model wers
experimenially determiﬁéd, hencelthe.model 1s expected to yvisld
reasonable Pesulté, However, further verification of the model with
appropiate field data is necessary. Nevertheiéaé, the model can be used

the

1t
it

s

ps an effective tool to ssizct the planting date to mawim

ivie use of vainfall and to identify the opiimum schedule of
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INfRBDUCTIDN

Background and Problem Definition

Abowt ZO% of the total arvable land in Bangladesh is now wunder
irrigation and the rest is culitivated under rainfed condition (BBEE,

132 land under rainfed condition is dependant on the mercy of

;i
i1

¥, Th

ITs

naturs and this depandance is critical in the Kharif season (April to

u

Ortcher) during which ftws thirds of the food grains are produced, Anmual
rainfall in Bangladesh ranges from 1400mm in the northwest to over
EGOOmm in the northesst, Bul ninety percent of this rainfzll occurs
during the four months from June to Beptember, Rain is scarce and hiaghly
unprediciable during the months of October to May, Thersfore drowght of

iti

rts of Bangladesh in Rabi

1

5 coode almost in all o

tn
m

varving inten

(November — Marchld, savly Fharif I f8pril — July)d and late Kharvif 11
Cluly - December) sesszons while primary irrigetion is necsssary during
Rabi (December - Marchi, Crop grown wnder rainfed condition, suffers
substantial yisld loss due to deowght, Aman rice is transplanted in July.
/A August and is harvested in November / Decamber, By Ootobsr it reaches
ite final growlh stages, As such Transplanted Aman grown under rainfed

1
condition are affected by drowght hararvds,

Where water ie Scarce and expensive the optimum planting date for &

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




it so hapoens that sconomically acceptable yiseld levael is not feasible
under rainfed condition mininum amount and best date for supolimental
irrigation becoms the detersining faciors for sfficient crop

production, SZaleh (1321 had concluded that supplementary ivrigation

increasad the yield of rice as high as 71 % over rainfed condifion,

Yield simulation wmodels have been developed and successfully
applied to evaluate and improve the on-farm water managemsnt practice

etr, (Baker and Horrocks, 1973
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19247, Some ressarch work has been conducted on the effects of water

strass on rice vield (Wickham, 1971 Datta, 1972; Yoshida, 1975, Angus

¢
!

Farim, 1985), Thus if a yield simnulation model for vice could be

developad it could be gsed to predict the impact of variows water
managensnt options on rice vield,
Henee the present study has been designed o develop a vield

simulation model for vrice and to apply the model to determine the

np*amum pianting date and best dates of supplemental ivrigation for

Transplanted Qmaﬂ price grown in a drought prone aresa of Bangladesh,
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Ghjectives

The purpose of this stwdy is to develop a vield simulation model

for rice which can be used 88 an effective tool for the evaluation and

ipprovement of waler management practice,

The specific objectives are .

T davelop a yvield simulation model for riceg using Stress ﬁay
Index concept
To apply the model for determining an optimum planting date for
Transplantad Aman grown under vainfed condition,

To apply the model for determining the best date of & specifisd
amount of supplimental irrigation and its impact on yisld, and

To apply the modsl for planning the irrigation schedule to have

!I?
ot
I_i.

sconamically atceptable level of

To apply the model for determining the effect of dike height on

effactive use of rainfall and required supplemental irrigation,




REVIEW OF L ITERATURE

The water requirensnis of crobs has been 2 subjsct of much study in

the past, A great deal of vesearch information is available on the

I

relztionships between crop, climate, water and soil, Most ﬁf the water
FEHHEremént studies have concentrated on climatic factors that influence
water use for maximun crop production, Howevey, for practical
arplicstion in plamning, design and aperation of schemes
necessary to analyse the effect of water deficits on crop vields,
Whenever the crop water réquirement ig it Tully met, wat

r deficite in

IE:

the plant will cause reduced yvield, The degree and manner in which water

deficits affect crop growth and vield, varies with the crop species and

growth stages,

Physialogiral Characteristics of Rice

fny atizmpt Lo estipate rice yvieid requires the study of itis

W
™
x
0
n
"
Dol
M

physiologica pisticrs, The vield pesponse of rice to various
envivonmental conditions is highly depsndant on its varisty, stags of

arowth, method of cyltivation, stc

fgocovrding o0 Datts (19210 rice cultuwre can be classif

Lypes based on varistal tyvpe, These ars:

igd inta four




I, Lowland rice, with plants of semidwsrf to medium to fall height

{100 Lo F000m )

<, Upland rice, with plants of medium to tall (120cm o Slcm} Fheight

3, Dasp water rice, with plants of medium Lo tall (1i0cm to 180cw
without standing water and 200cm to 300cm with Piging water lavel)
height

4, Floating rice, with tall (3150cwm t311 without standing water; S500cm

o BODem with rising flood water) olants,

Barker and Herdt (1973 classified rice in South and
Southeast Asia, according to water depth, For lowland rainfed rice they
wsed shiallow rainfed (5 - 150w and medivm desp rainfed (16 - 100cm)
with medium desp rainfed further classifisd into intermediate deso (15 -
=0cm} and semi-desp rainfed (81 - 100cwm), Where water depths exgeade

100cw they classified rice as desp water, Further refinements have been

P

made of the systean suggested by Barker and Herdt (1979), with both dees—
water and flosting rice areas totally ewcluded from the rainfed lowland

:

rite areas, The refinement of the classification are given in Table 1,

In our country rice is classified as Aus, Aman and Bora derending
on the growing season, Aus and Aman rice can be gither Transplant or

Boro rice is usually transplanted, There are also many

varietises of local and high vielding variety (HYV) rics, High vielding

Variety Transplanted Aman was selected for the praesent study,




TaEt.E 1, Classification of Rice Culture {De Datta, |

30T

(¥ x]
]

Tvpes of culture

L]
e
[

Main method of
planting

Maximum waler
depth in cwm

Rainfad low land
rice

Shallow rainfeod
lowland rice

Mediun—desn rainfed

it

lowland rice

Transplanting
Transplianting
Transplanting
Broadoast on

to dry s01l

Drilled into
dry so1l

O - B0
5 - 15 '
16 ~ 5O

£

Mo standing
watear

1]




Groyth stage- The entire life cycle of the vice plant wmay be

divided into three main phases, These are:

1, The vegetative phase, which runs from germination to panicle
initiation,

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

The ripgning ohass, which runs from flowsring to full maturity

[}

These main phases, however may be subdivicded into physinlogically

distinct stages or pericds, Fig, 1 shows the detailed divisions of ihe

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

the basic vagetative stage varies among varieties generally, between 28—
days, The reproductive phase begins with panicle initiation and lasts
upto complate flowering, In ripsning phase (from flowering to maturity)

4.

attunies g period from 25 Lo 35 davs before maturity regardless of

variety,

Growth stages

nt

i

thzir respective duration as used by Karim (132252

are Jgiven in Tabkle 2,
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Table 2, Growth Stages and their Respective Duration of HYV and

LIV Rice (Karim, 1935)

Crop Growth stages No, of days within
arowth stage
(13 (2} : 3}

HYV rice Transpalnting — Maximum tillering 45
Maximum tillering ~ Panicle initiation 5
Fanicle initiation - Heading e

Hezding - Milk 10
Milk — Maturity 20

1
Lacal Gemination - Masximum tillaring 50
improved Maximum tillering — Heading =5
varisti=ss Heading — Milk H
of rice Milk - Maturity 0
On the basis of the above specification, the duration of the diffsrent
growth stages of Transplanted Aman can be sunmarized as:
i
! .
1, ¥Yegetative phase — B3 davs
2, Reproductive phase - 20 days
2, Ripening phass = 30 days
f
i
e 2 ) i egson-  Selection of the orop growing ssason or the

erop calendar is very important in relation fo drowght damags, Crop
calendar is different for different country and sometimes it varies from

region to region within a country, Moreover, a particular varisty of

rice may be very susceptible to drought condition wpto certain stage




F

of growth, But if ihe growing season of the rice is such that the timina
of dvought doss not coincide with critical stage of growth then there
may not be sevare crop damages dus to drowght, The rezistence or

usceptibility to moisture stress at different stage of growth is

different, The growing seascn of

wl
e
]
)l
ol
—
|11
-—v

nted Aman is sueh that critical

-
H

]
-

condition for it may se after vegetative and reproductive arowth

'“‘h.f;" LY g |‘Jl i'\r;-'!i§|_li—-l| DE o tu:\}"

Dike Height

Experimental stuwdies have concluded that farmers could make betier
use of scarce walter supplies by providing higher dike height, It results

not only in fewser stress days and higher yields, it can also raducs

drainage losses and improve the irrigation efficiency of the system
(Wickham, 1371), Dike is also an effective way of controlling weed (De

Datta, 19317 by providing stending water depth in the fiald, In

Bangladesh a ﬁl%w height of 150 to 200mm is wsually provided for rice
fizlds

Stress Development and Yield Reduction

[
oy
Pl
m

Under rainfed condition the paddies . n becons dry and the crop

suffars from variouws Jegress of moistur
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the chiaf factor that limits sconomical and stable vields of rainfad

rice,

ey

The moisture stress effects on rice or any othar plant relates to
the reswlt from the function of water within the plant, The functions of

water can be pointed out as:

1, water is & vital constituent of c2ll protoplasw
£, water is a reactant or reagent in chemiral reactions (e o in

photosynthezis water + carbondios 1ﬁu + energy 4 carbohydrates)

1

. water i a solvent for organic and inorganic solutes and gazes
| facilitating their translotation within the plant

4, water gives mechanical strength to plants by producing

turgidity,

Low water supply rates and high water ioss rates cause a derrezase

in plant watsr content which

i
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mpisture stress, Moisturs stress decreases the rate of photosynthesis,

Respiration rate also decveases but less rapidly than photos ynthetic
l rates, Thersfore decresss in y;uld in water siressed plants results
bothfrom z decrease in photosynihetic rate and also an incrsass in the

ratio of respiration to photosynthesisz
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and high percentage of sterility, and consegquantly, low viseld




Internal moisture stress in rice plant tissues ssems to USe Qoo

arowth in many uplard rice, Early work in Japan clearly indicated that

Hais L, .

the rice plant is most sensitive to drowght from the cell division stage

to the flowering stage (IRRI, 1375, Three days droughi around the
critical time (from 17 days to 3 days before heading) reduced vield by
causing high persentage of sterility,

Soil modstyre fensicon as low as 15 centibars was found sufficient

to reduce the grain vield of rainfed lowland rige (Datta, Abilay,

Ealwar, 1972, In general peak water demand of rice 52 1 HLAn

tillerving and grain filling stage, It has been deomonstrated ihat

moisture stress imposed betwsen transplanting and maturi reduces yield
by F4% (Datta, Abilay, Falwar, 19713, Moisturs stress also increases the

days of maturity of HYVY rice, Moisture stress in late vegetative and

reproductive stages resulted in the decrease of grain vield throwgh a

Some of the esarliest vield water relations were obiained by

resgarchers investigating the effects of precipitation and anil moisture

on orap vield

H 1




points from 14 research stations in Northern Great Plains in the United

States over the period 1906 — 1935 to establish a yiald relation of

De Wit (195287 rollected wide vangs of data for common fizld crops
arown in containsrs undsr controlled evaporation, Graphical

representation of these experipental dats stwwed that for differsnt

Arkley (19635 sxiended the work of De Wit by plotiing the yvield of
dry matter versus transpiration corrvected for mean relative atmospheric

voed that

=

Fumidity during the period of wost active growth, Arkley con

?"'l

deviation from a strais

|.I..I
o
=
-
s
I'[l
)
-
sl
o

increasing moisture reveals the
effart of over irrigation, while reversal in the slope of 2 line

2Lt g et B =

suggests water Lo i and ooor asrvation in the asoil,

Datta, Abilay and Kalwar (12723 conducted experiment on several
varigties of rice to determine the nnisture stress effects, It is

avident from their experiment that sarly moisture siress during the

arowth of plant reduces fillering, This resulis in a reduciion in grain

vi

1d,

)
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Reyes (1972 smpted Lo exolain the yield response of rice Lo
water from thres dry ssason experiments, The study was based on the
experiients to evaluale the affects of climatic differences, varieital
differences and nitrogen fertilizer on the vield response of rice to
water, Several varieties were found Lo be effectively responding to high
nitrogen levels even under conditions of poor water supply,

Rec

I'D
1
oot
.1,

ritly sLtempt was mades (Consortium In+ﬁrﬁ«*1un 1 Development
19761 1o develop methods for predicting crop vields based on

experinental resulis for maize, The objective of developing a vield

—
1]
<
I
1
£}
g

id moisture tensions within the root zone at

L

erent stages of crop growid

e
—

ey
—n

was achieved by plotting the

experinsntal resulls &8s vield versus water uss,

Yield Models

d Fungtions - Many atiempts have been made to develop a
functional relationship betwssn vield and water inputs, taking into

account the effactis of water deficits at different stages of growih,
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Yo oTrehes rchers

investigating the effects of precipitation and soil moisture on dryland
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Moore (13611 developed a modsl to allow caloulation of the nset
variable income associzbad witn =sch irrigation cyele, allowing

hypothetical relationship betweessn the relative rate of plant growth and
the mean soil moisture stress in the active root zone as for an entire

irpination sesson,

Gr = T Tes (La/T)
4 ==

Gr = relative growih
T = length of irrigation season (days)
ty = length of irrigation i¥ cyole {(days:

les = fractiom of potantizl growth for one irvigation cyele

Hall amd Byteher (1896832} developed a method which could be wsed io

assures that the seasonal distribution of water was optimal for each
point on the overasll production function, They esxpressed yield as a

n
T 21(wsd Yom
1wy

Y

whars,
¥ = yizld
Ymex = MEximn yiald of a orop
sifwe) = vield reduction fector for stress applied on iY" growih

staa
SLag

m

wy = 5011 moisture content in the 1P staoe
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¥/ ¥mmee = Telative vield
(ET/ETredy = relative toial evapotranspiration for growth stage, i
M = relative sensitivity of the orop 1o water siress

during growth stage, 1

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

by radured water during a single growth stage will reducs yisld

Hiller and Clark (1571: developed 3 concept to delermine ithe stress

1]

imposed on a crop during its growing s=ason, The Siress Day Index (501D

et

5 getermined from a stiress day factor (SD) and a crop susceptibility

factorifasl, This stress day factor is a measure of plant water deficit,

5Dy = (1.0 - ET/ETR}

Ca = a (1,0 ~ ET/ETR?

S0 = E (S04 x Cerd
=1

Y/Vmms = 1.0 = (A/Ymax) IIC8:(1.0 — ET/ETp)s]

4w




whers,

A = unit yvield redection per wnif area per wnit of  Stress

i

pas}

A

4

sy Index(®

a = factor, depends on the physiclogical charactevistics of the
Crops

¥ = attual yvield

Ymasx = madilmum yield

ET = evapolranspiration

ETp = potential svapotranspiration

Arnthar model was prasented by Minhas et al (19743, who first

m

developed an evapoiranspiration prediction model for wheat as a funct
af available snil moisture only, The vield function he wused was of th

form

a [1=0l=q 321 [1-(1-22)21P%, ,,,, . [1-(1-xn)=1P,

g
I

where,

W
4

vizid

n:
Piad

®g = relative evapotranspivation in period J

a1 and by = parameters fitted from data

Stewart

of anticipated evapotranspiration deficits and growth stags

sermitivitias io predict actual svapotranspiration and yield for the

season, e functions used werse

et a1l (1578 developed two models which utilized sstimat

i nly]

1T




¥ = Ymax

e
[ u}

~ Yemax I YRR: (ETmci> — ETacss}/ETm

im=y

where, ETm = total evapoiranspiration requirement

ETM(i)
ETA(!)

YRE: =

= avapotransgiration requirsment for i%0 growth period

= actual evapotranspiration in 1i*" growth period
vield veduction ratio in the 1P growth period

Y = Ymax —

¥Ymax [ Ba (ETm — ETal/ETm + (B - Bol} (ET — ETal)/ETm]

Bo = vield reduction ratic where svapotranspirvation deficit

sequencing is ophimal

td reduction ratio pradicted for the s=ason

The mode] wses the fivst function is reffered to a

¥
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Model ard the other is reffered

Pl

T

a5 ET Deficit Ssquences Modsl

Manks (1333) developasd 5 simple model for both dey matier vizld and

Lranspiration is izken from that of de Wit (1971)

Y = wTR/Ea
where,

TR = transpivation

Eo = average fresh water svaooration rate

mo= & crap facior




Earim (1985 determined the drought effec on yield of rice grown

in Bangladesh using the function as

51y = B0, ¥ Coms
SDIs = SDs/GPs

50y = GP-TRIHCAP+dHIDmat . d-{P1+¥laae ,d {1 — PIII/(ET, % Kol

where,
GF = days in growith stage
B = rainfall &t 2 specified probability
CAFP = capillary contribution io the roctzone
i = standing water depth
Wlaete = water conient at satwraltion
i 0 = rootzons Jaepth
Pl = percolation loss

# = fraction of Wa that can be allcwsd to be depleted withoul loss

{ of visld

T

S50 = Stress Day inde

FELN S
-—
1l
n
—
i
1T
[F1}
1
=3
[
Tt

Yo = drowght yvield

¥m = normal yvield




crop susceptibility factor, The stress day factor (3D7 i

20

nE
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E
W
e
i
im
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by

depands on the species and siage of development of the given crop and
indicates the plant susceptibility to a given water deficit, Crop

suscaptibility factor was calculated from various research

T ] Lol 4y

Li9ee,

total walter available and potential use rate, Hence the di
rainfall during the growth stage has not been considersd i
stress days, The model was developed on the basis of this

function,

also has its limita

and BRRT

stribution of

n scanning the

lthowgh the function is very simple and was ussed in the

model, it tions, It can not provide a guantitative
means for determining the stress imposed on & crop during i ing
geason and Tails to distinguish bBetwsen continwous and intermittent
stress dEVEl:ﬂMPﬂ+

Simulation Model - Various vield simulation models were developed

belween yvisld and water use,

f simdlation mode]l was developed by Martin, Watts, Gi

Borchar (19317 to quantify the effsct of deficit irrigation

1ley and

-
I_J_i;_‘nj!‘! [} 1__1;;




was ysad Lo

=

from which crop viglds war

applied for corm, sorghum, whest and sovh
gt Fopr corn the mocdel was bassd upon b
Lo franspiraticon reduction, The second ity

weon the re juctlnﬂ of Lrop and Ulwld W=

ereor in relative vield was found to be
Yaron et ozl (1973) developad a soil

aboyt

.-+

pradict evapn noand

=

setimated, The model was

gang, Twa types of models were

e reduction of crop vields dus

d

s ba

&
tn

=

—
)

to molsture stres € & LR

101,

wilation model bass

mristure sip

on evamotranspivation predictions, Using wheat data, the author fitied
parameters to 3 Mitscherlich function o predict the most ressonable
eztimate of yield cobiainable under optimal conditions and used as the
basiz for the analysis of oplimal irvigation policy, The Mitscherlich
equalion is
n

¥ T ¥Ymax ?_Ei — Bi e %464}
wheare,

v = attuzal yield

<y = dimensionless soil moisture ind
By and ke = paransters

=
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Hiil and Hanks (1973} developed and apo

pradict vield for sovs

be s function of frenspivetion and uses the relation given as

Y = sTR/Eo

For both the trops the resulis represzented excellent agreement betwesn

[t

field valus

ot
1]
o
n

the model predicted yields and actus The application of

i

the model to identify management practices that will maximize vields

through water management or avoldance of dry periods has bean

demconstrated,

Hill, Hanks and Eetisz (1330} used ithe linegar relationship of grain
viwlds to avapotranspoirvation and transpiration to develop a modsl for
Garley, winter and spring wheat subjecting

of =01l water deficits,

et
i

Lo varying leve

Pusposutordino (1982 developed a vield model to observe the impact

et ] HaH e

of irrigation at different growth stages of sovbeans and peanuts, The

19
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-
fan

to evaluate and improve the wa management practice

in Indonesisz,

Hanks 1923 developed & podel wsing the

I
!.1:
A

vigld function as

Hill and Hanks (19753,
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Agulto (19247 developed a modsl

water and soil managemsent crop vield

by acdimg a subroutin

l'[l
el
o
ol
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l1+]

CCRPSM) mod2l developed by

T
z
sy
e
o
i
o

#l (1962), The model was applied to pradict the vield of corn and peanut

different irrigation freguencies and levels in the vield of peanut, It

can 2150 be applied to pradict the deelr Der roolation loss in & corn or

peanut field, The model wsed the vield functicn as :

Y/¥o = T (TR/TRp)*; x DAF
EE D]

uhi-' e
Y/¥e = rato of actual to potential vield
TR/TRe = ratio of actual to poten

tial transoivation

% o= an exponent to allow weighing growth stage

DAF = drainage adjustment factor

—

[y

ware developed to estimate the yie
mentioned research work have concenira
rasearchers developed yield
functinn suggestad by Karis (1985 is

cvperimental data and thus has been
wparinenta

-wglhnmpnt

i1

ch work has been conducted snd P models

4 of a crop, Most of the above

ted on wpland crops, Few of the

id

1]

for lowland crops, The yi

zimple and requires very Taw

"i

.2 the basis for model

1

s 1

electad




BEASIC CONSIDERATIONS AND MODEL DEVELOPMENT

During the growth of a plant,'as it profresses from seed placsment

throuaoh Rarvest

=

various factors have greater or lesser influencaes

depending upon particular growth stage of the plant, But the most

important factor that influnces cvop vield from onge location to another

or from oone year to the next, is moisture availability,

ol
ey
T
T
poery
-~
14
1
-+
[}
—
E
15F
s
i
3
0]
s
i
0
in
u]
P}
-
113
e,
-t
1]
[
W
"t
M
Jou
I
m
m
i
,-s-
1...
i}_l
s
[y

e using

wheprs

-<
3
»
X

'
o
=
~
b aad

o
w

The ssasonzl Stresa Day Indsw can be obiained bv:

Z0s = stress day factor for growth stage,

[
()
-

F

= ¢rop susceptibility factor for grnw*h stags, i

ey

1= number of growth stages
g 3

rol transplanting to harvesting




The stress day factor of a pavbticular growth stage can be estimated
as |
5Dy = 55D /GPs
whare,
230 = accumulated stress davs for the growth stage, i

I &

GFy = pumber of days in the growth stage, |

The number of stiress days in a particular growth stage can be

]

Btaivmed by scamning the stress days wsing daily ‘water balance, A stress
day occurs when the water content in the field falls below 3 threshs

value, For rice such threshold value is the water content at 20%

saturation level (Doorenbos and Kassam, 13773

Estimation of Evapoiranspiration

Thera are number of methods available to determine

evapotranspiration, The present study has the optine to sstimate

M

vapotranspivation by sither of the following mesthods
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ETD= cet. 4 Epan

where,

Cew = Coaffivient, depending on reference crop and type of pan
involved,

Foan = Fan svaporation

Extrams cara 1

n

AL

neacdad in interpreting pan evaporation data to
obtain reliable estimates of potential evapoilranspiration, Thé value of
Cer iz 2 function of the kind of pan involved, the pan environment in
relation to nearby surfaces, sbstructions ete,

ayes methoed ~ Hargreaves (1922) developed & very simple

method to estimate evapoiranspiration, The squation is

ETo = €.0075 T.Ra

where Ele is the reference crop evapolranspivation which i

evapatrenspivation of well watered green arass in langleys per day; T is

the swan dally ©

In

mperature in dagres of Farenheit; Rs is the ingident

Qlobal radiaiion in langleys per day
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ctual

e

re noi available they ran be gstimated from recorded

sunshine hours using the equation

Re = (0,25 + 0.5 n/N} Ra
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ar radiation

= actual sunshine howurs

M = possible sunshine hours

l suggested by Hargreaves and Samani (16) can be used, The equation is
I Re = C1 (Tmax = Tmini™ Re

Cr = an smperical constant

“trat

e

@
i

1T

rrestri

i
o

1 raddigtion

Toaw 800 Twin = daily wawinum and minisun temperaturs

- The Fenmean

methods of

EToe = C L W, Rn + {1-8) Flu) . ( 2a — 2qll




Bt

whers, ETe iz the ref:

I'Ll

rence crop evapatranspiration, which is the rate

1T
M
3

of evapoiransgiration from an extensive surfar

1y growing, completely shading the

m
Yt

grass cover of uniform height, activ
ground awd et short of water, sw/day:; W is the tesperature related
factor which is aqual to A F(A + ¥} whevre A iz the vate of chanage of

saturation vapour pressure with temperature and ¥ is the vihrometyic

2

Rn is net radiation in equivalent evaporation (em/day?: Flu)
iz the wind related function soual to O,Z2701 + U2/100), where Uz is the
total wind run in krndday at Zm height) (ea ~ Ba) iz the diffgrence

between the saturation vapour pressures at mesn air temperatiurs and the

mean actuzl vapour pressure of the aiv, both 1n @ bar: and € is an

—+
l:l}

adjustmant factor to compensate for the effect of day

it might weather

condition,

Docrenbos and Pruitt (1977) discussad th caloylation procadures to

obtain the vapour pressure deficit from various humidity messUraments,

relative humidity and henre

tant
-
o
1
o
W
Jomrt
13
[N
iy
1]
o
T
=
-l
.
I}
o
r
e
'S
it
o
a
£
1
3
1]
T
)
has
=
i
[l
1]
Ul

Tmean = ( Tmax + Tmin)!’:

RHmean = ( RHmax + R_Hmin 312

Ba = 1,3328 EXPL21,07 - 53R6,0 /{Tmean + 273,11 21




wherz, Tmax aNd Tmin are maximum and minimum air temperaturss in

Celoius: RHmas 300 RHmin sre maximum and mind o
Where wind dates are nob collected at 2n height: they

wsing the souaiion

where = is the elavation in meter at which Uz is measured,

squations for the modifisd Fenman method are

-
It

835 - 0,51 7

v
H

1013 - ¢,105 (ELE}

where T is the mean air temperature in degree Celcd

i} 2 H =

it

tevation in meters,

whare T is the mean daily temperatu
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Rn = 0,77 R= - Ro

:
[T}
hE]

gl ELE is

23

Sunplemeniiary

the




Ro = Roo [ 2 { Ra/Roo ) + b 1
Rao 15 the clear day solsr radization, langls
obtained by developing an envelope curve from
maximgm solar radiation data, Where measured
nct available, values given by Jensen {25) ma
Boo = { a1 + DiSGRIea? 7 (11,712 €10)3¢(

s

emparature

and b for & tropical coun

[

b, a

sl

= b 0,a, 0,33 and by =

I

i

1.0,

"L...

The above sguations were zed to

H

wsing DASIC,

ran be ohizined by adjusting the plant growth

evapnfrdnqn1b4%1nn

af the reference crop as ex

Vaiues of Rao can bm

aya/day

|..:

the plotied measured

atar radiation data

W
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v Be used,
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try like Bangladesh can be

- 0,05,

duVulnn a compulasr program

transpiration

Crop

=3

pressad Dy




=

where ETcrop 15 the svapotranspirvation of

larg slds under optimal soil water and fertili

I

1l

the coefficient; and ETR is ihe refarvence or

[a

Percolation

For paddy rice, the culiural practise is

£

iy
.1

|"+

i

condition

franat

in the fie i

i

i,

a

a1l

il may bE oa majior component

can be minimnized

soil during aration and avoiding

szil, It varies widely among sites of similar

infiluencing the percoolation rate

For simplicity, the peroolation rate

from higher level of water contant

nastant rat

m

arly from the oo

P = Psnt. X (MD - t).!Df teld) [ (wgsat - l\iaf leld)
for Wsimaa & WD < L Blaae

oo mainiain o

W5 ]

tv ronditions: CKe is

op evanotransoiration,

standing water

s and hence percolation
exiesnsive puddling of

drying and cracking of

301l type, The major
arg; so0il texture

ar Lable and

15 assumsed to bé at
upta saturation point
to zero at field
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F =0 for WD < Weiara

whers,
¥ o= percolation loss

Faae = percolation at saturated moisture condition

Feimia = percolation at field capzcity

Wleame = saturated water depth, mm

n
y

Whriwra = waler depth at field capacity

Yater Balance

ter b

w
iy
!1l

The differsent componenis of the w lance for rainfed paddiss
has besn shown in Fig, 2 and the simplest form of dynamic water balance
squation is

WDy = Whay + Ry + Is — ETy - Py

whéres
WDy, Wl = Total water in the field on "™ and (i*?)th day mm,
respeciively
Ry = rainfall on i* day, mm
mfi

Ie= irrigation on it day,

ETi= evapotranspirvation on it day, mm
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E Surtage outtlow
Seepage outflow

IN RAINFED PADDIES { MANALO)

Evopolianspiration
i
Deep percotation
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¥

Fi= percolation on i%" day, mnm

Evapotranepivation is calculated from weather data and percolation

Amated on the basis of total water content of the previous day,

.,.,
i
i)
i
-
I

CWater in excess of a certain maximum depth is assumed lost as surface

drainace, and WDy iz set equal o W, Where, Whhes. 1S the masinum

zllowable foial water content in the paddy fisld, This is squal to the

dike height plus the soil water conitent at satwration, Total water

L
L

content at any level is equal to the summation of standing water in the

paddy fi=ld and moisture content in the root zons,

Modael Development and Description

The procadurss cutlined in the previouws sections were synthesized

and transizated into a computer progranm using BASIC language, The model

k3
i
n
L

develo pej on the basis of the following assumptions

Iy

} Factors other than wat

1)

r stress do not have any effect on

relative vield

i

33 Fiald drainage condiilon 1s such that the watsr in excess of
dike height is drainsd without csusing any damage o the crop,
£} Root depih remains constant throwghout the growing season,

di Drowght in any growth stage doss not affect Lthe duration of

mihep grao wih & g.“;s,.z.gg_;

Fig,2 shows the concepiusl framework of the model
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SCANNING OF STRESS DAYS
USING DAILY WATER BALANCE

l

ACCUMULATION OF ETRESS DAYS
DURING EACH GROWTH STAGE

l

DETERMINATION OF STRESS DAY FACTOR
FOR EACH GROWTH STAGE :
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' DETERMINATION OF STRESS DAY INDEX

|

[ DETERMINATION OF RELATIVE YIELD I
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| " TRELATIVE YIELD '
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Fig,Z Conceptual framswork of Lhe model
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Tha program was developed in BASIC, compatible with AMSTRAD

PCWEZEE paracnd]l microcomputer, It can sasily be uzed {n other

mierodonputers with 8 littls modification depending on the system, The

i EL—

prograrn developed was an interactive one, It reqguests  for input data
when 1t needs during the sxscution of computation, The program consists

of six subroutines namely, EVAPD, SUE to calculate daily

;31

evapotranspiration by Pan Evaporation Method, EVFTHR SUBE to calrulate
evapotranspiration by Hiargreaves Method, EVPTEN BUB fo calculate
evapatranspiration by Penman Method, PER,SUE for percolation, JULIAN, SUE

and DATE ZUE to convert dats
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The program
l'”ii“l“‘i‘..f‘lsjﬂﬁ‘i i‘)ﬁtluﬂ +ll Sl:_—}_l:f:t 1~—]_‘I”I‘n—-4!-'1 Faﬂ E\.-’F-‘;pnf‘ait]_;_xg'] Htgthuj H.—ﬂ"s"ﬂ‘h—-cg WS
Method or FPenman Method to calculate evapotranspiration, The Droaram

merges either with EVARD, SUE or EVPFTHER . SUE or EVFTPN, SUE as per onbion

set by the user, The opted subrouting asks for the file name, starting

and ending dafes of data entry and directly reads the requirsd weather

dats from the data filse, It caloculates and stoves the daily

evapniranspivation values, The program slso provides the facility to

enter avapotranspiration direcily,

At the beginning the program asks for the reguired input daiz

sapially as

13 tatitude (XLAT

iid Elevation (ELE:




(%]

iii) Clowdless dav solar radistion (Reo! regression constants

{CRso(12)
Z

. Crop information

1} Crop nams

ii3 Planting & Harvesting Jdates (FMONTH, PDATE, HMONTH, HDATE:

1iid Mumber of growth stages (NGFI, their durations ( NOXY 3 and

recpeciive frop suscepiibility factor { Cs(¥s 3

iv} Standing wester depth (SWDRY at the ftime of transplaniting

v Root zone depth (DRI
v1il Ragression constanis ¢ CEy (i) 3 for crop coeffic
vii}) Minimum moisture content (UGMING for cron stres

3, Boil information

ot
[l

Saturated moisture content (WDEAT?:

11) Field capacity (WOFLDD

]

ient curve

ss develo umenf

1113 Peroolation rate wnder satuwratsd condition (PSAT

4, Hater management information
i 1) Plonth ¢ IRMONTRH{ZY 3, day ( IRDATECZY Jand amou

of supplepentary irrigation, it any

11 Dike height CWDMAXD

In the next step the subroutine reads rainfall data

files, The program then starts performing daily water

and accumulates the atvess days for successive growth
. comparing the calculsted water depth with a threshold

thrashold valus is the water rontent below which stress

nt L ARDUNT(ZY 3

from the data
E&iance, It scans
stages by

value CWDMIND, The

DELUTE if the
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that can be stored. in the Tield {WOMAXY bthe model assumes the wat

i
1]

¢
depth sgqual to WHHAX that day, For each growih stage the program

computes the stress day factor from the accumulated stress days and

duration of the growih stage, This orocess conbtinues for the entire
arowing season (fransplanting to harvestingd and Siress Day Inddex is

calculated, The program finally calculates the relative vield which is

Jiven as oubpwt,




HODEL APPLICATION

Study Site

The yield reduction of rice due to drowght and effact of
supplementsl irvigation can be well jemu\StPafwd By the model when
applisd to a drought prons area, Drought severly affecis the northwsst
reglon of Banaladesh, Rajshehi lving in this region has been selectead

THF f!.in"'h-!]_ .4‘:1'_‘_1 ;i_'*' 1r|[|

The arvea is located at 24, 379N latitude and  of 33 S6eE longitude
(Fig, 43, The climate of the area is characterized by two distinct
season ) the wel s2ason from June to September and the dry seasen during
the rest of the year, Mean monthly temperaturs for wet season is about

20°C and for dry season about 2070 while the ralative humidity is 75 %

for wet season and abo

i

wt 40 % for dry season, The average annusl

rainfall is about 1440 mm and most of it ocours during Juns to

il

eptenter, The distribution and meithly disocersion of rainfall of the

.

area are shown in Fig, 5 and Fi

o~

g. &

i

As indicated in Fig., &, the rainfall in Rajshahi sharply decreases

in the months of M ‘.,*Hﬁ.hl—-bi" and [‘«Hrwn..u-xr RFainfall in Oc tober 15 such th=t

it tan not reduce the affect of drought, Therefores drought nf varying

32

intengities during this period is evident, The dapsndable rainfall (75%
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probatility level) for the month of November and December is very low as

shown in Fig, &,
Fig, 7 and Fig, 2 shows the physiographic onits and soil

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

L
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oy
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mges Floodmlain amd the Barind Tract, The soil

association of these wniis are mostly of silt, silty clay and clay,

Aboat Z2% of the arable land in the study ares is under

Transplanted Aman cultivetion (BES, 1985), Transplanted Aman is
cultivated generslly from July/August to November/Decembar, Therafors

the final growing stages of Transplanied Aman is severly affected dus to
drought, The yield of Aman in the study site is 1,725 tons/hactares (BEES,

TF2h3 although the area has the potential to yiseld 5,2 tons/kactiares

Weather Data ~ The daily weather data recorded 3l Rajshahi for the ”
vears 1970-1980 wave collected from EBangladesh Metesrological

Department, Thess data include daily masimum and minimum temperatures,

maximuf and minisum relative humidity, actusl sunshine hours, wind speed
and rainfall, The data were analyzed to obizin the dzily averages of
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LEGEND

GANGES FLOODPLAIN

2 I Young mecnder fiocdploin

Older meander tloodplein

3500 IE Qlgest maander floodplain

Mized Genges ond Mchanaondo mecnder
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these parameters to represent the normal weather condition of the study

aveirad
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Fher odata were inserted into a data files and

Ted intos the computer as input,

P or ign ~ The crop information nesdsd for the model

spblication ave planting and harvesting dates, crop cosfficient, number

¥

of growth stages and their duration, respective crop susceptibility

i

factars, tha root zone depth, minimum moisture cantent for crop ress

|—|-

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

model assumed different planting dates for Transplanted Aman varying

from July 1 4o August 15 2t an interval of five days, The stages of

development. and their susceptibility factors as reported by Karim (19853
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13t
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d thedir crop susceplibility faciors ars

crop toefficient curve developed by Kaswkulaya (19800
was used, The crop coefficient curve wsed is shown in Fiq, 9 and

multiple regrassion constants are shown in Table 4,

The root depth for Transplanted Awman was taken as 30 cm, It was
alen assumed that strass would occwr if total soil moisture within the
root zone depth falls below 20% of the saturation value (baﬂrenbaa and
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Table 3, Duration of Growth Stages and Respective Crop

Suscaptibility Factor for HYY Rice (Karim, 1325)

Growth stages Duration Crop
Susceptibility
Factor
{11} (2} (3}
Transpainting ~ Maximum tillering 45 O 20
Maximum tillering - Fanicle initiation 5 0,40
Fanicle initistion - Heading S0 0,42
Headimg - Milk 10 o, B9
Milk — Maturity 20 0,44

.-—'
w
I
foma
m
=%

(haswkulays, 19807

Regressicn Constants of Crop Cosfficient (Ko Curve for Ric

10

Regression Constant Transplanting to Mid After Mid Growing
Growing Season Season

{13 {23 (2
Co G, E00 V07
G 0,104 0,231
Cz ~0 £5( =0, 733
Ca 1,890 0,480
Ca -1,080 ~0, 440




=) 1 - Moisture content at satuwration and fisld
capacity of so2il varies significantly with zoil texture, In this siudy,

assumed to be 40% and B0% by volume respectively, As mentionad earlier
the parcolation rate undsr saturated condition (PEAT) varies widely
among the sites having similav soil eonditicons, Henoe, percolation rates

of 3, & and 2 ww/day were assumed for moderate to heavy

A,

tomsderate and very light textured soils, respactively,

Manaoemsnt Practice — Thres different dike heights, 75, 150 and

228 mm were considered in the model application, Supplemental irvvigation

pplied without considering any physical constraints and the amount

E
o
I
nt
T

was assumed Lo be B0 mm of 2 single application,

Application

Reternination of Optipum Flantinog Date— The modsl was applied to

1 of Transplanted Aman grown under rainfed

1
s
s
<,
1]
-
-
m
e
]
—h

calculate the ral
condition for several planting dates starting from July 1, with an
increment of five davs uplo August 15, Thres types of land having

peroolation rate of 3, & and 2 mm and three dike heights 75, 150 and 245

Y

mm owere considered in the model application, The range of optimun




planting date for each combination of land type and dike height was

selected on the basis of model predicted relative vield,

Flapning of Suppiegentsal Irpioation- It wss observed from the ofal 1}’

ater bBalan that motsture stress did not occcur befors panicle
initistion (third growth stagel indicating that supplemental irrigation

might be vequired after panis

e initiation, Thus the program was run
several times by shifling the date of application of a single
supplamental irvigation (50 mm) with an increment of two days

nitistion $ill the relative

,H
m
-

~¢

‘ CaNic i2ld was maximized, The date was

idered az the hest

rl
1_.
ﬂ.l
M

dzte for the first ivrigation, When the desived
lavael of yield was not achieved by the first irrigation, the best date

for applying & second irrigation was similarly selected

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




RESULTS AND DISCUSSION

Model Verificstion

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

vield function, It needs experiment

'1"]

lly deternined vield reduction

£

factors as input, The model cowld not be verified dus to lack of
approplate field data on effects of drought on rice yvield, Since the
crop susceptibility facrtors used in model application were derived frem
fizld experin é tal resqlts, the model is expected to Q1VH reaconable

. Parzonal contact with Dr, 2, Karim revezaled that ths modsl

pradicted resulits repressnt actual field situstions,

ﬁﬁ!”ﬂ ieat j o

Optimum Blanting Rate ¢ The model pradicted relative yield of

rainfed Transplanted Awan rice for different dike heights (75 mm, 150 mm

and 250 mm}, percolation rates (3 mm/day

& mm/day and 2 mpm/day) and

F

planting dates are shown in Tables 5 to 7,

P

Table 5, reves

s that vield lass of Transplanted Aman grown in
moderate to heavy textured soil dus to drought can be avaoided by
transplanting the seedling on or before July 17, The iransplanting can

be delayed by 15 days without any risk of yield loss if the dike Reight

is increased to 225 mm, Since the percolation rate is low, more water




i,
£

will be available to the plant if management practice allows th

g

m

available water to be confined within the fisld by providing higher
dikes, Yield is sxpecied to be substantially reduced if planted Iabter

than August 19 ivrespective of the diks height,

When grown in moderate to light textured soils with percolation

vate of & mw/day, significant vield loss ocewred for planting dates
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20% ocoured whan

planted as late as July £, As indicated in Table &,, the vield loss is

slightly decreased (2-4%) as the dike height is increased from 75 mm to
150 mm, But further raising of dikes height did not have any effect on
yield, This is becauses a greater portion of the rain water can be stared
for wuse during drought as the dike height is increased wpbo 150 mm,
Raising the dike height bayond 180 mm could not help aveiding dreought

= AR

Keeas rain water,

m

effect dus to non availability of

As shown in Table 7., for very light soils the yield dropped below
the &conomic threshold level (relative yield of about 70%) as the

planting was delayed beyond July &, Even if planted on July 1 the vield

I

was found to reduce by 28%, Bu
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dus to non availability of enowgh water fo store for use during drouaht,

Flanting on July 11 resulted in yield loss of as hiagh as 43%,




TAELE 5,

L
(]

Relative Yield of Transplanted Aman Grown Under Rainfed

Condition in Modevate Lo Heavy Textured Soil {peroclation rate

Smm/day) on the Basis of Average Daily Rainfall for the Period
1.

Al i
I370-1980 for Different Dike Heights and Flanting Dates,

€13

Date Relative Yield V(%1 For
Dike Height
75 mm 150 mm 225 mm
(23 {33 (49

fug 10
fuag 15

100 100

1043 100

£4 2 35 K T00

- .
%) RO 3 &e. 8
14,7 7 a2

20,6

2,4




TapLE £,

Relative Yield of Transplanted Aman Grown Under Rainfed
Condition in Light to Moderate Textured Soil (percolation rate
o/ day don the Basis of Average azlg Rainfall for the Period

270-1330 for Different Dike Heights and Planting Dates,
Flanting Date Relative Yield Y(%) For
Dike Haight
75 150 mm FEB
1l (22 3] (43

July 1 &7, 87,5 275
July & 50,8 S2 4 =E 4
Tuly 11 £7 & 7.4 71.4
July 18 LE & 52,7 ER .2
fuly 21 20,8 32,4 F2.4




=i
A

TARELE 7, Relative Yield of Transplanted Aman frown Under Rainfed
Cormditiom in Very Light Texiured Sail iparcolation rate
4mmfday1nh the Basis of Average Daily Rainfall for the Period
1A70-1920 for Different Dike Hei ;Fta and Pianting Dates,

Flanting Date Felative Yield Y(%) For

Bike Heioht
75 mm YR mm -
(13 (23 } (il

July 73,5 VICIR) 7u.5B

Tuly & £2 .5 £E2 8 BB

July 11 5E 2 be 2 R, 2

July 148 T, 2E 2E,




Swprdenentsl Ireigstion ; Transplanted dman is normally cultivated
under rainfed condition and is subiscted to vield loss dus fo droughts,
But vield igss can be avoided by ensuring supplemental irpiostion, The

modal predicted relative yvield with supplemental irvigation for
different dike heights (75 mm, 150 mn, 225 mml}, percolation vates (3

it/ day
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to 10,
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L

A5 indicated in Table §,, thres supplemental irrigalions were

bt

required to avoid yvield Ioss of Aman rige 1f transplanted before fAugust
10 for mndw;a te to heavy textured soil and dike height of 75 mn, The
number of irrigstion cowld be cut down Lo only one Gy raising the dike
Feight o 150 mm, This is becawss the higher the dike height, highsr was
tHhe value of effective rainfall, As the transplanting was delaved upto
August 10, the number of supplemental oirvigation to avold dreowght

incraased o four for low dike heights (75 mm? and three for medium too.

high dike heights (150 mm and 225 mmd,

For moderate to light textured soil, three supplemental irrigations

were required to aveld drought effects for low dike height and

transplanting date of as late as July 146 (Tables 9, The mmber of

irrigations increased fto four if the transplanting was done later
Aaising of dike height reduyced the number of irrigation, But it was not

g effective as for moderate fo hesvy textured solil,

¥ L




TABLE S -~-0Optimal Dates of Supplemental Irrigations and Theiv Inps
Relative Yield of WYY T, Bman Rice Grown in Modervate to H
Zoils {(percolation rate 3 n:a,;’-ica.rl on the Basizs of thes Avers
Daily Rainfall for the Peri 19701330
lanting Bike Mo, of Best Date Relative
Pate Height Irrigation of Yield
i fippliad Irrigation (%)
(12 (2) (31 {4} (53
July 21 75 Wil - EO
st Oct Z 75,2
2y Mov & S5 &
Srod Moy 14 100
150 Mil - B0, 2
st Oct 15 160
] Wil - o 8
st Sept 2 104G
Aug 5 75 Blil - 14,7
1st Oct 27 £4 =
2nd Neov & =7
It Mov T4 YO0
150 Mil - £7
1=t Oct & 100
225k MNil - 20,2
s Oct 7 100
Fag 10 7B Mil - Negligible
st Oct 27 44 2
Zrd Moy o 71,4
G doy 12 91,2
4ath Mow 20 100
TR0 il - EGL 1
st My 2 1.4
Znd Mov 14 91 2
S Moy 22 1006
225 Wil - g0 4
iat Mow 10 502
2t Moy 13 100G
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TABLE 9, --Dptimal Dates of Supplemental Irrigations and Their Impact on
H

Relative Yield of HYV T, Aman Rice Grown in Moderate +o Light
soils (percolation rate £ mo/day’ on the Basis of Gver
Gaily Rainfall for the Pericd 1970-1920

Y

=]

Planting Dike No, of Besi Date Relative

Date Height Irrigation of Yield
] Apnlied Irrigation (%)

{12 [2) 32 (43 (53

1 July 11 75 Mil - E7 &
Tst 0ot 13 o4

Z2nd o Det 13 35,

Syd flet ZE 104

156G Nil - 71,4

Tat Oct 11 25,8

2 Dot 21 100

ZZ5 Mil - o4

333 Oot 1 L

&nd Dot 31 100G

Fuly & 75 Wil - 55 B
Ist fct 15 3

P Oct 98 4

SN fict 29 T8

150 Ril - 52,2

st Oct 1% =546

Znd Det 21 100

Z2h Mil - 532 Z

1=t Oct 15 sd Lk

Zid et = 100




TAELE 9 —— Centinued

Planting Dike o, of Besi Dats " Relative
Date _ Height Irrigation af Yield
fia Applied Irrigation (%}
(13 (23 (2} (43 (51

July 21 75 Mil - 30,8
15t Sent Z1 e NG
2nd ct 15 71,4
Zrd fct 25 92,4
t T
r

p
&

41k Moy 7

150 Mil - 2.4

st Oct 13 £, 2
Zyud Odct 23 51,2
Ird Oct =1 100

225 Nil - 22,4
st Dot 13 £, 2
2rd dct 51,2
Zrd deto: 100

* Additional irrigation was reguired to obitain 100% yisld

i




As indizated in Table 10, the number of supplemental irrigations
increasaed as the transplanting was delayed more and more, Raising of

dite height could not reduce the number of irrigation,




(]
—

TABLE 10, ~-Optimal Dates of Suoplemental Irrigations and Thair Impact
on Relative Yield of HYY T, Bman Rice Grown in Yery Light
Soils (percolation rate 9 mm/day) on the Basis of the
1 Average Daily Rainfall for the Period 1970-1930

Planting Dike Mo, of Best Date Relative
Date Height Irrigation of Yield
fm Gpnlied Irrigation €%}
{13 (23 {3} (4) (5}

' Tuly 1 75-235 Nil - 73,5
st Sept 19 91,2
2o Rt 13 100
July 11 FE-23E Nil - E&. 2
st fept 13 £, 64*
Zrd Oct 71,4
Ird Jct 13 21,2
4th et 21 100
July 18 Th-225 Mil - 2k
1zt Sept 19 D2, 4%
et et 9 B0, 4
S Aot 15 50,2
4th Oct 25 T3

* Additional irrvigation was required to obiain 100% vield




CONCLUSIONS AND SUGGESTION FOR FURTHER STUDY

Conclusion

A copputer model that fan be wsed in prediciing the impact of
various water management options on rice vield has been developed, The-
ws=fulnass of the developed model has beasn denonstirated through its

applicaticon in a drought prone srea (Rajshehil) to determine the optimum

planting date and optimom 1rr'qH%1nn srhedule for Transclanted Aman
grown under different scil conditions and farm manaoement practicss
Bzsed on results of podel application the following conclusions can

be mades:

1, To avoid sig

nificant yield loss due to drought the transplanting of
Aman rice in the study area should be done on or before July 21

for moderate to heavy tex=tured soil, July 11 for light to soderats

textured soil and July & for very light textured soil

2, Land management tadjusiment of dike heis

!.IJ

Rty can not help in reducing
drought effect on Transplanted Aman yvield grown in moderate to light

texiured soil bl fan be an effective way to raduce droucht affect

for moderate to heavy textured soil,

éLJ
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model provides a useful

irrigation planning for rice,

o

literature and judicious assumptions, Mence further verification of the

dat

ey
L

If transplanted later than the above dates supplemental ivrigation is

(2ctober /November ) to avoid
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vield loss dus to droudht,

The icremental benifit of supplemental irrigation dscreases as the

mgmber of application increasses

._
M
o
It
Pt

The rumber of supplemental irrigation to obtain 2 desired yield

largely depends on the soil type and date of transplanting,

[l
I

hirad

) "

M

The number of application of supplamental irrigation rcan
by raising the dike height from low to medicm (FSmpc to 150 mml for
meadium ard heavy tewxtured soil, But the adjusiment of dike height can

mot help cuiting down the number of application for very light

Lextur

T

o4 =Smil,

ITn the model apolicstion most of the data were obtainsed from

and wupdating of ithe conclusion may be necessary, Nevertheless the

Byl

to the decision makers dealing with
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Suggestion for Further Study

The following recommendations are made for further refinement of

the prasent work |

P

L]

Systematir collection of field data to provide 2 basis for

validation of the modsl

Fizld experiments to determine percolation losses from the rice

lands wrcksr intermittent ircigatiom,

Investigatinn to detersine the mimimum soil moisture below which

the vield of rice crop will be significantly reduced,

T
s
1
ot
Ik
s

wperinents to verify the values of the crop suscetibility

factor ysed in this study,

An seemonic analysis of the cost of supplemental ivrigation and
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NOTATIONS

A - Unit vield reduction per onit ares par unit of Stress Day Indes

"

#lwl —— Yield reduction factor for st

o

S35 appligd on oa growth stags
a —— Factor

] ~~ Paramster

£ —— Paramster

B - Pafameter'

B o~ Yield raduction ratis where ET deficit sedquencing is aptisal
Be —— Yield reduction ratio predicted for the sesson

CAFP -— Capillary contribution

c — Sdjusiment factor

Cr == Imperical constant

Cae —— Fan cosfficient

Ca -— Crop swsceptibility factor
D — Roomt zone desth

d —— Ztanding water depth
REF -— Drainage adjustment factor
ET -~ Evapotranspiration

ETe —— Potentizal evapoiranspirvation
ETm = Total ET requirement

ETa = Actwal ET

£

Fo == fverage frash water evaporation

Epan —— Fan evapovation




NOTAT

Ea T

S T
Fings
&Gp —

GF --

fe —— Functiom for potential growth for one irvigation cyole

g ™

Mo

-

F'__

Psat.

F‘f iel

o

[ ——
M=

Ha -

AHmas

RHmin

IONS (Continuesds

Saturation vapour presuure a2t mean zir temperatur:

Mzan actual vapouwr pressure
-— Wind related function
Ralative growth

Growti e o

Crop coafficient

Param=ter

o
11
P
Pl
o
]

ive sensitivity of the crop to water stress

—— Percolztion st saturated condition
a == FPercolation at field capacity
Rainfall

Incident global radiation

Extr

Y

terrastirial radiation
—— Maxims relative humidity

~= Minimum relative humidity
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NOTATIONS (Contivnusd?

%1 -— Siress index

Z01 —-- Stress Day Indes

25D —— Accunulated stress days
T —- Length of irrigation season
t —~ Lengih of irrigation cyele
TR -— Transpiration

TRe —— Fotentizl franspiration
Tmms == Maximum femperature
Tmin —= Minimum temperaturs
Tmean —— Mean temperature

Ue — Wind spesd at elevation z

WD -- Soil moisture content

I

W —— Temperature related factor
Whsat —— Saturated moisture content

WDtimria — Moistura content at fisl

Ymese —— Maximum yield

Ya —— Drought yield

YRR —— Yield reduction ratio
Yo —— Mormal viald

z - EI‘vétiGn

(39
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DEFINITION OF TERMEZ

fean —~ Rice growing season from Auwgusi-Decenber

fus -~ Rice growing ssason from Mareh—August

plant to a given waler deficit,
Brouaht — Phenomenon that occurs dud to non occurrence of rain
Dike - an =arth wall surrounding the rice fiseld to provide stand
water in the fisld apd for weed control

Feonomically Accentable Yield - Abouwt 70% relative yield

Fharif I - Crop growing season during March-April

Frarif II - Crop growing ssason during Sepiemnber-Octiober
Optimum Flanting Date — Transplanting date for maximum relative
“PFercalation - Downward movesmeni of water bevond the rootzone to
; :
Y

tahla

i
|Pl"

Fabi - Winter crop growing season during Nvember-Marih

!._I

]
1T

vie

the

Rainfed Cultivation =~ When rice is only on rain for its soil moistu

raauiransnls

Boro — Rice growing season from Decembar-May
Crop Susceptibility Factor - Factor that indicatss suysceptibility of

e
iZL

I'l:i

Siress Day — A day in which total egivalent water depth in the fieid
falls below 20% of saturation
Supplementsl Irrigation - Irrigation that supplements rain

Uoland Crop — COrop grown without standing water in the field

Crop W

m

percolation

ter Reaquirsments - It hers includes evapotranspivation and
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5 REM DIMENSION DECLARATION

10 DIM MONTHX (12> ,N(6),Cs(6), IrMBTH (63, IrDATE(10), AMOUNT (103, IrJULCL10),5b<6) , Wbt
365), IRRIG(36%5) , PRRAIN (365>, PER(365), ETO(369), THKEAN(

365), ASSMN(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

50 READ YESS$, NO$ :DATA “YES",""

62 READ CK11,CK12,CK13,CK14,CK15

64 DATA 0.80,0.104,-0.647,1.80,-1.08

66 KEAD CKZ21,CK22,CK23,CK24,CK25

68 DATA 1,07,0.291,-0.798,0,46,-0.44 .

70 1INPUT “ 1S THE GROVING YEAR 1S A LEAP YBAR 7",Y%

B0 1F Y$=YES$ THEN KONTH(2) = MONTH<(2) + 1

81 REM SITE DATA

85 INPUT "“WHAT IS THE LATITUDE AND ELEVATION OF YOUR AREA 7', XLAT, ELEV

86 REM REGRESSION CONSTANTS FOR RSO

490 REM Crop Informatlions

92 INPUT “WHAT IS THE NAME OF THE CROP 7", CROPS

94 PRINT “WHAT IS THE PLANTING MONTH AND DATE FOR "CROP$"[ENTER MONTH AS THE SER
1AL ND 1 FOR JANUARY AND THEN ENTER DATE SEPARATED B

Y A COMKA}": INPUT PMONTH, PDATE

98 INPUT "WHAT IS THE NAME OF THE CROP 7", CROPSs

105 MONTH = PMONTH : DATE = PDATE

107 CHAIN MERGE " JULIAN. SUB", 108, ALL

108 GOSUB 35000 : PJUDA = JUDA

109 PRINT FJUDA

110 PRINT "WHAT IS THE HARVESTING MONTH AND DATE FOR "CROP$ : INFUT HMONTH, HDATE
140 MONTH = HMONTH : DATE = HDATE

150 GOSUB 35000 : HIJUDA = JUDA

151 PRIKT HJUDA

160 IHNPUT "HOW MANY GROVTH PERIODS ARB THERE 7', RGP

170 FOR X = 1 TO NGP-1 . .

180 PRINT "HOW MANY DAYS BETVEEN GROVTH PERIOD-"X" AND GROWTH PERIOD-"X+1'" ARE T
HERE AND WHAT IS THE RESPECTIVE CROP SUCCEPTIBILITY

FACTOR 2": INPUT NCX),Cs(X>

190 NEXT

191 PRINT "WHAT IS THE STANDING VATER LEVEL AT THE TIME OF TRANSPLANTING":1NPUT
SWD

192 INPUT "DEGREE OF REGRESSION CURVE",NDR

193 FOR L = 1 TO NDR

194 PRINT "coefficient of";i;"order : input CRso(l) :next

165 INPUT "WHAT 1S THE MINIMUM HEIGHT OF WATER FOR STRESS DEVELOPMENT 7", WLMIN
205 REM SDIL INFORMATION

210 INPUT WHAT S THE SATURATED MOISTURE CONTENT IN HEIGHT OF WATER TN HM T« W
DSAT

220 [NPUT » WHAT 18 THE FIELD CAPACITY OF THE SOIL 7", WDFLD

"230 INPUT " WHAT IS THE PERCOLATION UNDER SATURATED CONDITION 72", PSAT

240 INPUT * HAVE YOU APPLIED ANY SUPPLIMENTARY IRRIGATION 7",Y$

290 IF Y$ = NO$ THEN GOTO 320.

260 INPUT ** HOW MANY IRRlGATIDN/S HAVE YOU APPLIED 7", 1Irri

270 FOR Z = 1 TO Irri

280 FRINT "MONTH, DATE AKD AMDUNT FOR IRRIGATION-"Z" {ENTER THE SERIAL NO OF MONTH
THEN DATE THEN AMOUNT IN MM OF HEIOGHT OF WATER)"

INFUT IcMNTH(Z), IrDATE(Z), ANOUNT (Z)

290 MONTH = I[rMNTH(Z)> : DATE = IrDATE(Z>

295 INPUT " WHAT IS THE DIKE HEIGHT IN MM 7", WDMAX

300 GOSYB 35000 : IrJUL(Z)> = JUDA

310 NEXT

320 INPUT " DO YOU HAVE EVAPORATION DATA ?",Y$
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330 IF Y$ = NO% THEN GOTO 340
335 CIHAIN MERGE "RDEVPO.SUB", 337, ALL
337 GOSUE 55000 ¥
339 INPUT " INSERT THE PROGRAM DISK",Y¥$ : GOTO 400 ;
340 INPUT " DO YOU VANT TO ENTER EVAPOTRANSPIRATION DIRECTLY T, YS
350 IF Y$ = NO$ THEN GOTO 360
352 CHAIN MERGE "RDEVPT.SUB", 354, ALL
354 GOSUB 37000
355 INPUT " INSHERT THE PROGRAM DISK ", Y% :GOTD 402
360 INPUT " DO YOU WANT TO ESTIMATE EVAPOTRANSPIRATION BY HARGRIEVES METH(ID LY
$
370 IF Y& = NO$ THEN GOTO 390
375 CHAIN MERGE "EVPTHR.SUB",377, ALL
377 GOTO 27000 : GOTO 404
379 GOTO 404 ’
390 INPUT " DO YOU WANT TO ESTIMATE EVAPOTRANSPIRATION DATA BY PENNMAN METHODL
DYS !
395 IF Y$ = NO$ THEN GOTO 320
397 CHAIN MERGE “PENMAN. SUB", 398, ALL
398 GOSUB 20500
399 INPUT “Insert your program disk', Y$ : GOTO 406
400 CHAIN MERGE "RDRAIN.SUB", 401, ALL, DELBTE 55000-55220
401 GOSUB 56500 : GOTO 410 .
402 CHAIN MERGE "RDRAIN.SUB", 403, ALL,DELETE 37000-37140
403 GOSUB 56500 :GOTO 410
404 CHAIN MLERGE "RDRAIN.SUB",40S, ALL, DELETE 27000-27160
-J' ) 405 GOSUB 56500 :GOTO 410
406 CHAIN MERGE “RDRAIN.SUB"”, 407, ALL,DELETE 20500-20850
407 GOSUB S6500
410 J = PJUDA: WD(J) = WPSAT + 50 :SDI = Q: Z=1 : L=2
420 FOR 1 = 1 TO NGP-1
421 X8D = 0: lmx = N(I> : IF I = 1 THEN lmx = lmx -1
422 FOR K = 1 TO 1lmx )
423 IF J > 365 THEN J
424 lm = J + 1 : IF J
426 GOSUE 110G0
430 IF 2 > Irri THEN IRRIGKIm) = 0 ;: GOTO 444
440 IF J = IrJUL(Z) THEN IRRIG(1lm) = AMOUNT(Z) : Z = Z+1
443 H = HJUDA : IF PJUDA > H THEN H = H + 365
444 -R =L/110 o
445 IF R > 0.5 THEN GUTOD 448
446 Kr = CK11l +(CKi2+(CK13+(CK14+CK15¢R)#R) #R)*R
447 GOTO 450 .
448 Kr = CK21 +(CK22+(CK23+(CK24+CK258R)#R) #R) *R
450 ¥WD(1lm) = WD(J) + PRRAIN¢1m) + IRRIG(lm) - PERClm)-KrsBTO(lm): IF ¥WD(lm> > W
DMAX + WLSAT THEN WD{(1m) = WDMAX + WDSAT
452 IF WD(lm) < O THEWN WD(lm) = 0
455 PRINT ”JDAY="1m;“WD="WD(1m);"RAIN="PRRAIN(1m);"PER="PER(1m);”ETD=”ETD(1m>;“K
r="Kr;" IRIG="IRRIG(1m}
460 IF WD(lm) >= WDMIN THEN GOTO 480

l e

1
36% THEN 1m = 1

nhu

470 XSD = XSD + 1: PRINT "XSD = "XSD
: 480 F =} + 1 :L=L+1
’ 485 NEXT - |
SO0 SDCI>» = XSD/N¢I} :PRINT *1 = “I;" N(I) ="N(I);"SDCI> = ";SDCI);"Cuel) ="Cs(]
>
510 SDI = SDI + SD(I)%Cg(I):PRINT "SDI = “SDI
520 NEXT '

530 RYEILD = 100 # (1-SDI): IF RYEILD < 0 THEN RYEILD = 0

540 PRINT "YEILD SIMULATION MODEL FOR RICE ™

550 PRINT " THE MODEL 1S RUNNING FOR THE CROP "CROPs

560 PRINT "PLANTING DATE ="PJUDA;” *; "RELATIVE YEILD ="RYERILD; " %"




570 PJUDA = PJULA + 3: HJUDA = PJUDA + 110 :1F PIUDA > 240 THEN GOTO 580
575 GOTO 375

580 END

585 REM PER. SUB

11000
11010
11020
11030
11040
11045
20000
20010
20020
20030
20040
20050
. 20060
20070
20080
20090
20100
20110
20115
201290
20500
20510
20512
20630
20640
20650
20060
20670
20680
20690
20700
20710
20720
20730
20740
20750
20760
20770
20780
20790
20800
20elo
20820
20830
20840
20845
20850
27000
270190
27020
27030
27040
060

27050
27060
27070
27080

1F WDb(J-1> > VWDMAX THEN WD(J-1) = WDMAX
IF WD<J-1) >= WDSAT THEN PER(J) = PSAT
IF WD(J-1) <= WDFLD THEN PER(J) = 0

PER(J> = PSAT & WD(J-1)/ (WSAT-WDFLD)

RETURN

REM MONTH.SUB

I¥ MONTH = 1 THEN DAY = 31 : GOTO 20120

IF MONTH = 2 THEN DAY = 28 : GOTO 20120

IF MONTH = 3 THEN DAY = 31 : GOTO 20120

IF MONTH = 4 THEN DAY = 30 : GOTO 20120

IF MONTH = S5 THEN DAY = 31 : GOTO 20120

IF MONTH = 6 THEN DAY = 30 : GOTO 20120

IF MONTH = 7 THEN DAY = 31 : GOTO 20120

1IF MONTH = 8 THEN DAY = 31 : GOTO 20120

IF MONTH = & THEN DAY = 30 : GOTQ 20120

IF MONTH = 10 THEM DAY = 31 : GOTO 20120
IF MONTH = 11 THEN DAY = 30 GOTO 20120
1F MONTH = 12 THEN DAY = 31 : GOTO 20120
REM JULIAN.SUB

RETUKN

DLM TMEAN<200), RHMEAN(200),. ASSMN(200>, VELMN(200)
CHAIN MERGE "RDTHAV.S5UB",20512, ALL

GOSUE 43000

FOR J = PJUDA TO HJUDA

C = 1: DEL = 2#(0.00738sTMEAN(J)>+0.8072)"7-0.00116

CP = 0.24 :PA= 1013 - 0.105S#«BLEV : LAMDA = 595 - 0.51«THMEAN(D)
E=0.622 : a =1.35 : b= +-0,35: al = 0.34 : bl = -0.044
GAMMA = CPePA/ (LAMDASE?

XT 0.017453¢XLAT : Y = COS(0.017214#(J+192)>

DR 0.40876 =Y :SR = 1,00028 + 0.03269sY

Z = —TANCXT)*TANCDR> : AZ = ATH(SQR(1-Z2"2)/Z)

PSS = 7.639424AZ : AR = AZ#SIN(XT)*SIN(DRK)

BR = COS(XT>sCOS(DR)*SIN{AZ)/SR

RA = 916.732# (AR+BR)>

RS = (0.25+0.5#ASSHN(]) /PSS)*RA

RSO 0,166%10°-48J"3 +0.205#10°-18J°2 +0.567#10%J + 0.381s10°3

EAF = 1.3320sEXP(21.07-53367/ (TMEAN(J)+273.1)>

ED = RHMEANCJ)#EAF/100 .

RBO = (al + blsSQR(ED>)>#*11.71%10"-82(TMEANC(I) + 273> "4

RB = RBO#(a +RS/RSO2b)>

W= DEL/(DEL + GAMMA) .

U2M = VELMN(«J)*(2/ELEV)"0.2

FV = 0.27#(1+0.018U2M>

RNET = (0.77#RS — RB> # 10/LANDA

ETO(J)> = Cs (Wa#RNET +(1-W)*FVs (EAF-ED))

NEXT

RETURN

DIM TMEAN(365), ASSMHN (365)

INPUT "YOU WILL BE NEEDING TMAX, TMIN, ASS DATA FOR THE METHOD",
CHAIN MERGE " RDTHAV.SUB",27030, ALL

GOTO 43000

INPUT "DO YOU WVANT' TO START CALCULATION ?“ ¥$ : IF ¥% = "YES® THEN GOTO

GOTO 27220

1 = PJUDA : J
IF 1 > J THEN
FOR DAY = 1 TO J
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27090 K = DAY : IF K > 365 THEN K = K - 365

27100 LAMDA = 585 - 0.51 # TMEAN(X)

27110 XT = 0.017453#XLAT : Y = COS(0.Q1721421&8 (K +192) )

27120 DR = 0.40876#Y :SR = 1.00028 + 0,03260#Y

27130 2 = ~TANXT)sTANC(DR) :2ZAZ = SQR(1-Z°2)/2:1IF Z>0 THEN GOTO 27135: AZ —5. 141
SY2H54E + ATN(ZAZ)

27135 AZ = ATHC(ZAZ>

27340 PSS = 7. 639423AZ AR = AZ #SINCXT)>eSIN(DKR)

27150 BR = COS(XT)»#COS(DR)*SINCAZ)/5R

27160 RA = 0lo.Y32+ (AR+BR)

7170 K3 = (0.2540,5+ASSMN (K)/PSSY®RA/LAMDA & 10

27180 THMEANC = TMEAN(K)»#*9/5 + 32

27190 ETO(K> = 00,0075+ TMEANCsRS

27200 PRINT "EVAPOTRANSPIRATION HR = “ETO(K)>;"JULIAN DAY ="K

27210 NEXT ‘

27220 GOTO 379

AR000 THUN = o

BHLL0 FOR J= 1 T 12 -

35020 1F MONTH = J THEN GOTO 35050

25030 ISUM = [ISUM + MONTHX ()

35040 NEXT J

35050 JUDA = ISUM + DATE -

35060 RETURN

36000 ISUM = 0O
" 36010 FOR J= 1 TO 12

356020 [SUM = ISUM + MONTHI)

36030 1F JUDA <= 18UM THEN GQTO 36050

36040 NEXT

36050 DATE = JUDA - ISUM + MONTH(J>

36060 RETURN

2000 INPUT "ENTER THE STARTING MONTH AND DATE OF DATA ENTRY", SDMONTH, SDDATE
52010 INPUT “"ENTER THE ENDING MONTH AND DATE OF DATA ENTRY", EDMONTH, EDDATE
52020 INPUT "Do you have a #ile name?”, flnns

32030 INPUT " For how many years do you have maximum and minipum tamperature dat
a ", NYR .

52040 INPUT " Insert the maximum and winimum temperature data file disk ", Y%
52050 OPEN "I",1,flnm$ . :

52060 SD = SDMONTH : ED = EDMONTH

52070 IF SDMONTH > EDMONTH THEN ED = ED +12

52080 FOR XMONTH = SD TO ED

52090 1F XMONTH > 12 THEN XMONTH = XMONTH - 12

52100 MONTH = XMONTH

52110 GOSUB 20000

52120 1F XMONTH = SDMONTH THEN L = SDDATE : GOTD 52140

52130 L = 1

52140 1F XMONTH = EDMONTH THEN M = EDDATE :GOTO 52160

$52180 M = DAY

2160 FOR XDAY = L TO M .

52170 MONTH = XMONTH : DATE = XDAY

52180 GOSUE 35000 : JUL = JUDA

52190 STHMAX = O : STMIN = 0

02200 FOR XYEAR = 1 TO NYR . )

Sez10 INPUT &£1, THAX, TMIN: PRINT “YEAR="XYEAR;"MONTH="XMONTH; " DAY="XDAY;" IDAY="JU
Li"TMAX = "TMAX;“TMIN = "TMIN: STMAX =STMAX + TMAX

STHIN = STHIN + TMIN

52220 NEXT : :

52230 THMEAN(JUL)= (STMAX + STMIN)/(2#RYR)>:PRINT "TMEAN = "TMEANCJUL)>:IF JUL = HI
UDA THEN GOTQO 52250

522406 NEXT : NEXT

52290 CLOSE

52251 H = HIJUDA : IF PJUDA > H THEN H = H + 365

Ld g
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$2252 OPEN "0",1,"THEAN.DAT"

522853 FOR J = PJUDA TO H

52254 IV J > 365 THEN J = J-365 :

52255 WRITE &£1, TMEAN(I)>: IF HJUDA = J THEN GOTO 852257

522596 NEXT

LERLY CLOSE

52260 RETURN .

53000 INPUT "ENTER THE STARTING MONTH AND DATE OF DATA ENTRY" , SDMONTH, SDDATE
53010 INPUT "ENTER THE ENDING MONTH AND DATE OF DATA ENTRY', EDMONTH, EDDATE

S3020 INFUT "Do you have a file name?", flnms

53030 INPUT " For how many years do you have maximum and minimum bunidity data =
", NYR

53040 INFUT " Insert the maximum and minimum bhumidity data file disk ", Ys

S3050 DPEN "I, 1,flnm$

53060 SD = SDMONTH :ED = EDMONTH

53070 IF SDMONTH > EDMONTH THEN ED = ED +12

53080 FOR XMONTH = SD TC ED o

©3090 IF XMONTH > EDMONTH THEN XMONTH = XMONTH - 12

53100 MONTH = XMONTH

53110 GUSUB 20000 . .

53120 IF XMONTH = SDMONTH THEN L = SDDATE : GOTO 53140

53130 L = 1
53140 IF XMONTH
53150 M = DAY
53160 FOR XDAY = L TO M

53170 MONTH = XMONTH : DATE = XDAY
53180 GOSUB 35000 : JUL = JUDA
53190 SHKAX = 0 : SHMIN = 0

53200 FOR XYEAR = 1 TQ NYR

EDMONTH THEN M EDDATE :GOTD S3160

53210 INPUT £1, RHMAX, RHMIN: PRINT "“RHMAY = "“RHMAX,"RHMIN = "RHMIN:IF JUL >= FJUD
A THEN SHMAX =SHMAX + RHMAX : SHMIN = SHMIN + RHMIN
£3220 NEXT

53230 RHMEANCIUL>= (SHMAX + SHMIN)/ (2aNYR):PRINT " RHMEAN
= HJUDA THEN GOTO 53250

53240 NEXT : NEXT

53250 CLOSE

53260 RETURN o : .
53500 INPUT "ENTER THE STKRTING MONTH AND DATE OF DATA ENTRY ", SDMONTH, SDLATE
53510 INPUT "ENTER THE ENDING MONTH AND DATE OF DATA ENTRY ', EDMONTH, EDDATE
53520 INPUT "Do you have a file name?", flnm$ .

53530 INPUT " For how many years do you have velocity data 7", NYR

53540 INPUT " INSERT THE VELOCITY DATA DISK AND THEN PRESS RETURN/ENTER",Y$
53550 OPEN "I",1,flnm$

53560 SD = SDMONTH : ED = EDMONTH

53570 1F SDMONTH > EDMONTH THEN ED = ED + 12

53580 FOR XMONTH = Sb TO ED

53590 IF XMONTH > EDMONTH THEN XMONTH = XMONTH - 12

53600 MONTH = XMONTH

53610 GOSUB 20000 < ’

53620 IF XMONTH = SDMONTH THEN L = SDDATE : GOTO 53640

53630 L = 1 -
53640 IF XMONTH = EDMONTH THEN M
53650 M = DAY

53660 FOR XDAY = L TO X

853670 SVEL = 0

33680 MONTH = XMONTH : DATE = XDAY

53690 GOSUB 35000 : JUL = JUDA

53700 FOR XYEAR = 1 TO NYR

S3710 INPUT &£1,VEL : PRINT “VEL= “VEL : IF JUL >= PJUDA THEN SVEL = SVEL + VEL
53720 NEXT ‘ ‘ .

53730 VELMN(JUL) = SVEL/NYR :PRINT "VELMN = “VELMN(JUL): IF JUL = HJUDA THEN GOT(

"RHMEANCIUL)Y: 1¥ UL

EDDATE :GOTO 53660

82




53750

53740 NEXT : NEXT

53750 CLOSE

53760 RHETURN

54000 INPUT "ENTER THE STARTING MONTH AND DATE OF DATA ENTRY " ,SDMONTH, 5DDATE
54010 INPUT "ENTER THE ENDING MONTH AND DATE OF DATA ENTKY *, EDMONTH, ELDATE
54020 INPUT "Do you have a file name?”, flnm$ .

54030 INPUT " For how many years do you bave actual sunshine data 7", NYK
54040 INPUT " 1INSERT THE ACTUAL SUNSHINE DATA DISK AND THEN PRESS RETURNZENTERT,Y
%

54050 CPEN " I",1, flnn$

54060 SD = SDMONTH : ED = EDHMONTH

54070 IF SDMONTH > EDMONTH THEN ED = ED + 12

54080 FOR XMONTH = SD TO ED

54090 IF XMONTH > 12 THEN XMONTH = XMONTH - 12

54100 MONTH = XMONTH

54110 GOSUB 20000: PRINT “day="DAY

54120 IF XMONTH = SDMONTH THEN L = SDDATE : GOTO 541490

54130 L = 1 ‘

54140 IF XMOKTH = EDMONTH THEN M = EDDATE :GOTO 54160

54150 M = DAY

54160 FOR XDAY = L TO M

54170 BASS3 = 0

54180 MONTH = XMONTH : DATE = XDAY

54190 GOSUB 35000 : JUL = JUDA

54200 FOR XYEAR = 1 TO HYR .

54210 INPUT £1,A85 : PRINT “YEAR ="XYEAR;"MONTH="XMONTH;“DAY="XDAY;"JDAY="JUL;" A
8S= "aAS5S : IF JUL »>= PJUDA THEN SASS = SASS + ASS:PR

INT "3BASS="SASS,; "PJUDA="PJUDA

54220 NEXT

54230 ASSMN(JUL) = SASS/NYR :PRINT “ASSMN = "ASSMNQJUL):IF JUL = HJUDA THEN GOIO
54250 :

54240 NEXT : NEXT .

54250 CLOUSE ]

54260 RETURN
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13 THE GROWING YEAR IS A LEAP YBAR 7
WHAT 15 THE LATITUDE AND ELEVATION OF YOUR AREA ? 24.2 10
WHAT 1S5 THE NAME OF THE CROP 7?TRANSPLANTED 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
OMMAl 7 1
WHAT 15 THE HARVESTING MONTH AND DATE FOR TRANSPLANTED AMAN 10 18
HOW MAKY GROWTH PERIODS ARE THERE 7 6
HOW MANY DAYS BETVEEN GROWTH PERIOD- 1 AND GROWTH PERIOD- 2 ARE THEKE AND WHAT
15 THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR 7 45
0.28
HOW MANY DAYS BETWEEN GROVWTH PERIOD- 2 AND GROWTH PERIOD- 3 ARE THERE AND WHAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR 7 S
0.4
HOW MANY DAYS BETWREN GROUTH PERIOD~ 3 AND GROWTH PERIOD- 4 ARE THEKRE AND WHAT
IS THE RESPECTIVh CROP SUCCEPTIBILITY FACTOR ? 30 :
0.48
HOW MANY DAYS BETWEEN GROVWTH PERIOD- 4 AND GROWTH PERIOD- 5 ARE THERE AND WHAT
IS THE RESPECTIVE CROP SUCCEPTIBILITY FACTOR 7 10
0.59
HOW MANY DAYS BETWEEN GROWTH PERIOD- 5 . AND GROWTH PERIOD- 6 ARE THERLE AND WHAT
! IS THE RESPECTIVE CROP SUCCEPTIBILITY RACTOR ? 20 ’
0. 44
WHAT IS THE DIKE HEIGHT IN MM 7 150
WHAT IS THE SATURATED MOISTURE CONTENT IN HEIGHT OF VATER IN KN 7 150
WHAT IS THE MINIMUM HEIGHT OF WATER FOR STRESS DEVELOPMENT 7 120
WHAT IS THE FIELD CAPACITY OF THE SOIL 7 120
VHAT IS THE PERCOLATICON UNDER SATURATED CONDITION ? 6
HAVE YOU APPLIED ANY SUPPLIMENTARY IRRIGATION 7
DO YOU HAVE EVAPORATION DATA 7
DO YOU WANT TO ENTER EVAPOTRANSPIRATION DIRECTLY 7
DO YOU WANT TO ESTIMATE EVAPOTRANSPIRATION BY HARGRIEVES METHOD 7YES

I = 1 N(1) = 45 SD(I) = 0 Cs(l) = 0.28 SDI = 0
I = 2 N> =5 8D(I> = O Cs(l) = ¢.4 SDI = ©
"I = 8 N¢i> = 30 SD(I> = O Cs(Il) = 0.48 SDI = O
I = 4 W) = 10 8EDKI» = 0.1 Cs{(I> = 0.59 SDI = 0.059
I = 6 N> = 20 SD(I) = 0.15 Cs(I) = 0.44 SDI = 0.125

YEILD SIMULATION MODEL FOR RICE
THE MODEL IS RUNNING FOR THE CROP TRANSPLANTED AMAN
PLANTING DATE = 182 RELATIVE YEILD = 87.5 %
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