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At the outset, the Chairman emphasised the need for carrying
out intensive studies on crop weather relationship particularly in the
areas where the crops are grown under rainfed conditions and in the
areas which are drought prone. He also informed the group that in
the country the major part of the cultivation is done under unirriga-
ted conditions and as such theré is a need for development of suitable
cropping systems in these areas which have minimum risk to the
vagaries of weather.. The extended summarles of 23 papers received
for the symposium are as follows :

Agroclimatic Study of Productivity of Groundnut in India
and Importance of Evolving Realistic Water Balance Models
for - Drought Monitoring and Crop Planning of Rainfed
Cropped Area, N

By

A. KRISHNAN?,

An mterna’uonal comparison of productivity of groundnut
indicates that in spite of India being the country having the largest
area under groundnut in the world its productivity is rather low.
Analyses of the distribution of groundnut production, in India’ and
the trend and stability of the area under groundnut, the
production and productivity in different parts of India have
been presented. Regions where groundnut is being inefficiently and
regions where productivity is high but the coverage is low have been
delineated. The relationships between the crop productivity and

1. National Scientist, University of Agricultural Sciences, Bangalore,
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duration of drought free periods and periods with little or moderate
water stress within the crop growing season have been studied. An .
illustration of determining the optimum sowing dates for the ground-
nut crop by use of system analysis approach and carrying out of
risk analysis under different system of sowing has also been presen-
ted for Kolar and Bijapur districts of Karnataka state.

For rainfed croping system, evolving of realistic water budget-
‘ing model for monitoring of soil moisture as well as occurrence of
droughts during the growing season is extremely important. The
" same will also be usefull in crop planning as well as estimation of
surplus water available for water harvesting in a region. Such an
analysis for assessment of feasibility or double cropping system and
estimation of water harvesting potential in respect of semi-arid
region of Bangalore has been illustrated. Importance of evolving of
general crap weather models for different crops has been stressed.

Crop Weather Relationship with Reference to Rainfed
~ Agriculture .

By
R.P. SiNngH?

Crop productivity is weather-dependent. In rainféd agricul-
ture, more than the quantum of rainfall, it is the distribution of
rainfall which govern the yield. - Crop environment plays a very
vital role in crop growth, development and productivity. ‘Epigenstic’
factors often superimpose themselves on the genetlcally prescmbed
reactions which the plants perform in a given environment. . Micro-
meteorology is a much neglected science in India. There is a need
to carry out in-depth studies on the micro-climates and their related
influence on crap growth and productivity. Available soil moisture
and micro-climate which in turn, is governed by crop geometry and
population dynamics, prescribe the threshold values of productivity
in rainfed agriculture. A multi-disciplinary approach involving
the disciplines of Meteorology, Agronomy, Soil Science, plant
Physiology and Agricultural Statlstlcs will go a long way in under-
standing the micro-climate and its influence -on crop productmty
The inter-disciplinary approach will alsa help in crop planning and
forecasting of epidemics of diseases and pests. )

There is a need-to work out the probability of occurrence of
drought of varymg durations and 1ntens1tles at different growth

2. PrOJect Director, All India Coordinated Research Pro;ect for
Dryland Agriculture, Hyderabad-500 659,
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stages of crop plants grown in different agro-climatic fegions. The
probability of getting -adequate: runoff for water "harvesting, its
storage and recycling has also to be worked out for different regions.
Micro-climatic studies in soils and intercrop systems have to be
pursued. ‘Influence of wind breaks on crop performance .in relation
to micro-climate created on the lee-ward side has to be studied. ' The
incidences of ‘diseases: and pests in :relation- to temperature and
humidity obtainable in the crop canopy- has to be-studied. The
effect- of weather and climate on crop growth, development and
productivity of rainfed crops supplied with variable inputs has to be
taken up in a. co-ordinated manner. Based on these studies, a
scientific crop planning could be done. - Strategies for mitigating
aberrant weather situations, called strateglc plannmg could also be
done.

System Analysns Approach for Crop Planmng in Ralnfed
Agriculture

By ;
PN BHARGAVA3 AND ASHA S‘AKSENA“

The vagaries of weather in-the areas where the -cultivation is
done under rainfed conditions have been mainly responsible for the
variation in yield/productivity of the crop. In such areas, the strategy
for farming would involve avoiding ‘of i important farming operations
during periods of crop season associated with ‘high level of risk.
System analysis ‘approach would therefore be an- extremely 1mportan‘é
tool for this type of problems. This would enable to Jdentlfy the -
suitable crop season, -optimum sowing time, periods of - moisture’
deficiency and surplus and-the crop suitable for the region. In - the
present papér, three approaches to crop plannmg -based” on ‘the
empirical studies on the pattern.of occurrence of weather: parameters -
during various ‘stages of crop growth have been delineated. The-
first approach utilises the information on pattern of moist and humid
days, second on-the probability. distribution of dry.-and.wet. spells
and-the third on the actual. -evapotrauspiration moedels. To illustrate.
the use of first twa system analysxs approaches for crop planning,
data from Jalgaon district for jowar crop- has been. utilised. whereas

- for the third approach, data from Jamnagar-i in respect of groundnut
Jowar and bajra has been utilised. - - : o

.Head, Division of_ Crop-Sciences, IASRI New Delhx 110 OlZ
: 4 chentxst (s-1), IASRI . New Delh1 110 012, - L
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To study the influence of moist andihumid days, the number of
moist and humid days for each year were worked out separately and
thereafter, a linear regresion between yield and moist/humid days
was fitted. It was found that the regression coefficients in both the
regressions were highly significant. The minimum number of moist/
humid days required to obtain the normal yield as obtained through
graphical method, were 24 and 34 respectively. Theeffect of cessasion
of humid days on the jowar yield was also studied. It was found
that if the humid period terminates before I5th of Septem, berthere
are chances of reduction in the yield of the jowar crop. If the humid
period extends beyond this date, there ars chances of increment in
the yield. The chances of getting the acquired number of moist/
humid days are high if, the sowing of the crop is completed by the
end of June or latest by first week of July.

Under the-second procedure, for each year, each day of the
season was first classified as wet or dry according to the available
amount of rainfall in relation to PET (a day is classified as wet if
R>PET/2>3mm., otherwise it is dry). This sequence of wetand dry
days can be reckoned as outcome of Bernoulli trials. Utilising this
sequence, a two-stage Markov chain model we fitted to find the
probability of occurrence of such spells- for obtaining the expected
length of wet and dry spells during different crop phases (sowing,
germination and seedling, vegetative growth, flowering and grain
formation). This information was built up corresponding to different
alternative dates of sowing. This distribution of expected length of
dry and wet spells over the crop season was super-imposed over that
of the ideal situation required to choose the most suitable period of
sowing. The results indicated that if the sowing is done in the last
week of June or in the first week of July, the number of wet and dry .
days available during the different phases of the crop growth coincide
favourably with the ideal length of wet and dry spells corresponding
to different crop growth phases.

Under the third approach, the study was made on the basis of
the data available on rainfall, actual evapotranspiration (4E) and
potential evapo-transpiration (PE). The weekly (4E) and (PE) were
calculated for- all the years for the standard weeks .ranging
from 23rd to 46th week (4th June to I8th November). The .
average AE and PE for each of the week was worked : out, the
corresponding MAI (moisture availability index) for each week was
also obtained. For each year the very first week when 4E was greater
than PE/2 was considered as the sowing week. On the basis of the
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sowing week, cropping season for an year was classified as early
(system 1) when it occurred from 23rd to 26th standard week (4th
June to 20th June) ; normal (system 2) if it occurred between 26th to
28th standard week (25th June to 15th July) and late (system 3) 29th
standared week or Jater (26th July or later). For each of these systems,
the relative A and PE/[2 were obtained for the period of 18 weeks
starting from 24th, 26th and 29th weeks. These cumulative models
were examined for the existence of three types of pericde namely,
drought free period (4E is less than or equal to PE/2), moderate
drought period (AE is less than PE/2 but greatér than PE/4)
and severe drought period (when AE is less than PE/4). Under the
system 1, a crop season of 15 weeks is available with drought of
moderate intensity for two weeks in the beginning and two weeks in
the end. Very good condition of soil moisture would also be available

- towards the end of the season. Under the system 2, a crop season

of 13 weeks is available. Under this system, there are two weeks of
moderate drought in the beginning and two weeks of moderate
drought in the end and also severe drought of two to three weeks
towards the end of the season. After I5th week, there is a likelihood
of steep depletion of soil moisture. Under the system 3, a crop
season of 12 to 13 weeks is available after thata period of contiruous
drought of 8 to 9 weeks exists towards the end. Under this system,
a crop of about 70 days can:safely. be grown. It is, therefore,
inferred that under system 1, groundnut can safely . be grown. The

-system 2 is also suitable for groundnut but it is ideally suited to

bajra and jowar particularly in view of the chances of crust formation
in the soil towards the end of the season which may give rise to
harvesting problems for groundnut. Under the system 3, a pulse or
a fodder crop is suggested.

&

Models for Studying Effects of Weather on Crop Yield
By ‘ N ' ‘
RANJANA AGRAWAL,S R.C. JAIN® AND M.P. JHA?

Models for studying crop- 'W'eather relationship have been
discussed. The suggested models have been used to study the eﬂ"ects
of weather on rice yield for Ralpur d1stnct '

5. Scientist (S2) -
6. Scientist (S1) p LA.S.R,I,. New - Delhj-110 012-
7. Scientist (S3) . .
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. The results. of individual effects'.of- weather . variables on rice

yield indicated:that the crop reacts : differently to climatic variables
during different stages :of: its. growth.. : Above: average maximum
.daily temperature. had- small béneficial effect dulmg active vegetative
phase and detrimental on other phasesiof the crop: This’ indicates
. that prevailing maximum temperature-at Raipur is-sufficient for ‘rice
crop except. in - active vegetatxve phase . Above. average relative
_humidity (7 hrs.) had:small beneficial effects: during initial growth,
lag vegetative and reproductive phases while small adverse effects
were observed during active vegetative'and ripening phases Increase
in relative humidity :(14:hrs.) and number of 'rainy  days- had
beneficial effects in general thraughout-the.crop season: Effects were
‘pronounced ‘in later part of :the- reproductlve phase ‘Increase ‘in
rainfall was béneficial- throughout the 'crop’' season ‘suggesting
that crop production can' be' increased: by supplymg additional
water O '.,‘t,,.n*,‘..i'_".".“_i*‘v‘- R VLR O] DIPEE G UL R S BN

ple i FEE TS R rl e

Stadies on' joint effects of max1mum temperature and relative
-humidity ‘(14 hrs.) revealed’ that- ‘beneficial effects'of above average
" maximum temperature ion y1e1d 1ncreased‘ With'rise in humldrty “while

detrimental effects "decreased.” WLhé effects” Of © relative ‘humidity
increased wrth ‘the increase'in temperature Jomt eﬁ'ects of maximum
temperature and- ramfall showed '‘that- beneﬁcral ‘effects of ‘above
average maximum temperature on’ yield mcreased with incredse in
rainfall while adverse effects’ decreased in"genéral. ' The increase
in railfall’ with’ suﬂiment temperature as' ‘benéficial’ for the crop
'except towards the end of mmal growth “and'1 rrpemng phases

RS L 5
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Influence of Water Avallablllty on Yield of Seme Ollseed and
Pulse Crops in the Arid Region

BY (. s e D i U wlnn
B.V. RAMANA RAo® AND Y.S. RaAMA KRISHNA®

The influence;.of watér avajlability;, durjng-different, weeks of
the growing season on the yield of castor, sesame, greengram and
‘cowpea during the, years, 1972 .to 1979 « was:studied. zExperimental
yields -of the. .crops- grown i under-irainfed ;conditions  at. CAZRI,
Jodhpur were utilised. ..The: ratio.of actual-evapotranspiration:to

potential evapotranspiration (4E/PE) valueswere computed weekwise

using Thomthwarte‘ and Mather’s' water balance procedure Grap‘h’s

(e WaR NI . : 4

8,9 : Central Arid Zone Research Instltute Jodhpur i
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--were drawn to' fepresent the: valies lof' 4E/PE during" differeht weeks
‘of the growing season in'the’ years ‘wrth good average and poor yreld

g

for the dlﬁ'erent crops considered.” ! 1d i el #AT guoth
ot : K NI e “i“‘l"'»;l o i s e "”" l.,"_._‘,.,{
In .case of «castor, | the . yleld was.lfound 10, be consrderably
a correlation coefficient of 097 and the relatlonshlp between (Yc)
.in g/haiand,. water yused. ins -mm:i(X), frem -flowering: to, maturlty
perrod 1S S e debve it jongne yllsuing H] i cioley™
¥is —0.5021+0. 3458 X'+ 0. ai02a5)cz ¢ e bieaon
P VR ST SR N
The yield-of cowped: (Y) was found to: depend ‘upon:‘the | méan
:‘AE/PE(X ) with-a correlation coéfficietit' of 0.98 andi'the: lrelatlonshxp
between crop yield in.g/ha and mean AE[PE.is: «1.:5: wyotnadon

. VT Yol n
Y= —0.9988- 1207 X+ 12.03.X2 i

g \1 i [EETeEH st

‘ The study clearly reveals th,at 1t rs possrble to quantrfy the
1nﬂuence of water ava1labllxty on the yreld of ramfed crops, 1n the
arrd reglons The results are., very much useful to determme the
Critical periods during whrch supplementary 1rr1gat10n ‘fo ‘the’ crops
will be beneficial and the extent to which the yield of rainfed crops

can, be 1mproved through (proper. managf:rnent of r,z’u}n wate{r
....... . fo PSR Iray [N

BTNV I g.u.“um;, 'l

Drought and Rainfed Rice Yield Some on-Farm Expenment
and Farmer Evidence from West Bengal : Khavif 1983

eoan BY coiiny Dune sion by hns 2o yoilog wd T

SUDHIN K' MUKHOPADHYAYm’ vl 1o 0omee sl ol o b

e s o Basnioy eoisilon {n «av)”)\/
The paper examrnes the, following hypothﬁesje\sum the, light; of the
drought conditions: of West; Bengal during, the”,Khanf che Season
1982 : () in the face of an-adyerse weather,.a, technology approprrate
for one land-type. and levelimay; not,,be approprlate‘ for & dlﬁ"erent
land type, even in: the same;; agro-clrmatlcHreglon\,“(iz) a technology
recommendable from the point,. of;view.,,of,, yreld., an d;. output
maximisation may not be viable from the farmers’ economic point of
view. Data have beenstaken from the Rice-BasediFarming: Systems
Research for: Aman Rice for the:district of Nadja:wheresagronomic
-experiments have beéen:carried.out:with:various managementipackages
using varlety, fertlhzer and insecticide as variable inputs. '

cremdt evineasl Lag swicnonosi o - ll ml ullxl .lf'

nm/ll 1 lt.ll 4

10. Professor of Economlcs University of Kalyam West Bengal
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The experiments conducted upon up, medivm and lowland plots
suggest that medium Jand farms suffered most as a result of the
drought. This is true both for advanced technologies applied on
farmers’ plots and for farmers’ technologies. Although experimental
technologxes performed uniformly better than former technology, the
superiority was most marked on the lowland plots

However, the technolog1ca1 superlorlty of the High Input
Technology is practically wiped out when existing cost and price

_considerations are brought in. For up and medium land plots
farmer technology seems to be able to provide positive, though mar-

ginal, rates of profit, whereas experimental technology is not found
to be viable. It is only for the lowland plots that the experimental

technology stands out. viable from the point of view of both yield
and economy. :

Thus, it appears that in the present arsenal of the agricultural
scientists,” there is available technology appropriate for meeting
droughts’ of the "kind that occurred in 1982. To make it viable,
however, appropriate extensmn and economic policies are called for

Crop-Weathér Rélaitiox.]ship'for Pre-Harvest Forecasting of
Production of Crops

By R

M.S. BHATIAM. -

The policy makers - and planners need estimates of crop

_production in advance of harvest:for formulation and execution of

various farm policies related to productxon, prices, procurement,
distribution, export import etc. The present system of forecasting
productlon of standing crops 'has some element of subjectivity as it is
based on the visual observations and impressions of the land revenue
and agricultural oﬁic1als To ellmmate this subjectivity, there is need
to develop an objective method of "estimation of preharvest crop
production based on scwntlﬁc footmg

Qae of the important method of making preharvest forecaste
is that based on crop-weather relationship. Weather includes factors
like rainfall, temperature,"hum:‘dity, evapotranspiration ratio etc. but

11. Directorate of Ecouomlcs and Statlstlcs, Ministry of Agriculture,
Krishi Bhavan, New Delhi. - -
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of these, rainfall is the most important factor affecting crop produc-
tion in India as about three-fourths of the cropped area in the
country is still rainfed. Technological development in the country
are regarded as an expression of the desire to influence the various
natural factors including weather and rainfall, as irrigational
development to a large extent may mitigdte the adverse impact of
deficient or scanty rainfall. It is because:of this relationship between
weather and technological factors, the present study has considered
both these factors simultaneously.

R

The present study, Wthh is aimed to establish crop weather
relationship for makmg short term forecastmg, has been made for
) paddy in 13 major growing states in the country. The study is based

on time series data for the period 1970-71' to 1981-82. The factors
B- considered were area and yield per.hectare of paddy as dependents
and production weighted rainfall indices at the end of the months of
; June, July, August, September and October, percentage- of irrigated:
area total area under paddy, drstrrbutlon of rainfall as reflected by
the .number of weeks with normal or excess of- the normal' ‘
! rainfall durmg South West Monsoon Season and. time trend represen-
r ting changes i in technology as independents. '
Y .

The forecasting equations based on crop weather . relationship
gave a very good fit as coefficients of multiple determinations of
forecasting equations for area relationship were "as high as_ 0.9588,
0.9556, 0.9292 and 0.9027 for Punjab, Orissa, Madlya Pradesh and
Bihar respectively which indicate that 90 to 95 per cent variations in
area under paddy were explained - by the weather and other }
technological variables included in the forecastmg equations. Incase

of Andhra Pradesh, Assam, Kerala, Maharashtra and Uttar Pradesh
L ever 80 per cent of the variations in area under paddy were explained
by the rainfall and technologlcal factors In case of yreld forecasting
equations 91 to 95 per cent of the varlatlons in the yleld per hectare
was explained by the explainatory . factors in the states of Kerala,
Andhra Pradesh, Punjab and Maharashtra In other states 50 to 80
. per cent of the variations in the yield of rlce have been explamed by.
] the factors included in the crop-weather relatxonshxp models. '

Rainfall in June has shown posxtxve and s1gmﬁcant regressmn

coefficients in area forecasting €quations for. the ‘states of Assam,

r Bihar and West Bengal. June rainfall do not have any s1gmﬁcant
impact on area under paddy in the state of Andhra Pradesh Haryana,

i Karnataka, Kerala, Madhya Pradesh Mabharashtra, Punjab, Tamil




100 JOURNAL OF THE INDIAN2SOGIETY OF. AGRICULTURAL STATISTICS!

Nadu.and Uttar Pradesh: vRainfalliindex in-the month:.ofiJuly has..
significant:influence-on area\under:paddy::in the states. of Bihar, :

Ortissaycand.iTamilaNadu'.~~Rainfall-Thasi .n6t shown ‘any significant.
influence ontarea uiiderspaddyiin the-states:-of ::Karnatakd; Haryana: :
andrPunjab-as theseistatés:havea veryhigh proportion of -area under -
irnigation..’ Timeitrend whichi represents changes in technology: over
time has.shown: positiveiand.significantieffection area in the- states of -
Assam;iBihar,Haryana; Madhbya Pradeshy Mahdrashtra, Punjab and :
Uttar Pradesh. R TR R T I TR S R PER T

If is, further,. seen that rainfall;.in June ‘has significant -and

posrtrve 1mpact Om.. yre]d of paddy in_the states of Andhra Pradesh;.,

Karna’taka, ,Madhya Pradesh and:Omssa o Thls was because rains in

June, helps in- tlmely ra1s1ng .of nursary ; and transplantatlon of paddy. .

whrch in, turn had positive; effect on, yxeld of :crop. -High-rains. in the
month of August ‘have shown, gene1ally negative impact on- yield . of

paddy. ; Total ramfall in the South—West Monsoon perrod as reflected .,
by.the ramfall mdex at the end of September has.shown . positive, and. .

srgnlﬁcant 1nﬂuence .on. yreId in the states: of Assam Haryana Orissa,,

PunJab and ’l;amrl Nadp “is Coeﬁicrents were alsofpos1t1ve in.the states--
of Kerala, Madhya Pradesh and; Maharashtra ,O:stober, .irains - have "

positive -and significant coefficients in yreld ‘weather relationship
equatrons in the, states, of. Assam, Blhar, Kerala, Orrssa .and West

et o

(' Study also revealed'that chstrrbutlon of ramfall 1n the season“
has posxtrve and srgnrﬁcant 1mpact on yleld in the States of Andhra-.:.,

Pradesh Madhya Pradesh Maharashtra Orlssa and Uttar Pradesh.

Technology has shown posmve and s1gn1ﬁcant coeﬂicrents for yield .
in the states, of Andhra Pradesh Haryana, Kerala _Mabharashtra,-

Orrssa, Punjab and West Bengal

Based on the crop weather relatlonshlps developed on past -
t1me semes data and takmg weather and techno]ogy situation for the 5
current year into consrderatron forecasts for area, yield. and produc- .

tion of paddy for 1982+ 83 for dxﬁ'erent states were made According

to “these’ forecasts, W] ‘11e area under paddy may show: only .marginal -

decline of abotit'one' p per ‘cent, yleld of paddy is expected to decline
about 5to 6 per cent in 1982-83 over 1981-82. The decline in yield

in 1982- 8§ is expected to be more marked in the states of Andbra
Pradesh, Karnataka Madhya Pradesh Maharashtra Orissa, Tamil. .

Nadu, Uttar Pradesh and West Bengal which was mainly because
of deﬁcrent or scanty rains in the months of September and October.

RIS I FERCE I MY
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. Tt is. concluded.: that; crop : weather relationship models .with- -
productlon weighted rainfall-index: numbers alongwith irrigation 4nd
technology can bé'used for making preharvest forecasts of productlon
w;th a-reasonable degree of accuracy TR

i - . . * .
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Evaluatlon of dlﬂ'erent statistical models- for- pre-harvestmg of

o groundnut Yield - oo och b Ledmeren o '

By DOl st L s T SN

P R VAISHNAVH AND R M PATEL13

A small prOJect was’ taken up to evaluate fourdifferent statistical . .
models for pre-harvest forecasting of groundnut (Arachis hypogaea,
Linn) yield :in Kharif during - the  years. 1980-81 and 1981-82 -in
Junagadh district of Saurashtra region, Gujarat State. - The different
yield contributing. biometrical characters -were. recorded “on the
randomly selected plants during their life period.. :Moisture content
in the soil at 0-15 cm and 15-30 cm depth of soil was also recorded
at different stages of crop growth.. ... . . . .-

IS EEPUE M

Correlations of yield with the number of branches and the
number of immature pods were non sxgmﬁcant in both the years,
whereas the fiumber of ‘plants at harvest; the numbér'of maiire pods
and the total number of pods per plant were significantly correlated
with the final yield..(The: effect” of mioisture -content in the soil at
0-15 cm depth at the time of pegging and pod development: stages ‘
was significant.

The multiple regression technique was employed for the
suggested four different statistical models. - ‘The models were as
follows : ,
Model-1. : Y= @o+ﬁ1X1+sz2+ kak”*‘E-

R coe N

Model-II : Log Y—ﬁo—i-BlLogXl—i—BzLong-i— —i—BkLong-}—s
Model Il : VY=BotPivXotBav Xot o +Bv/ Xyte
Model-1V + BurtBid T+ BaXy 4. BXp e o
. The equatlons were fitted by consldetlng ‘tﬁ‘e ‘piant population
and the number, of mature-pods per plant at 30 days-and 15'days
prior’ to -actual harvesting, of the crop. The testing of the partial

12,13 ¢ Gujarat Agricultural University, Anand Cainpils, Gujarat, 388 110



102 JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

regression coefficients of vield on the two variables for all the four
models for 30 days prior to actual harvest revealed that partial
regression coefficients of both the variables were significart in case -of
first three models, however in case of fourth model, only one of the
two partial regression coefficients was significant. The te.t of
significance of the multiple correlation coefficients suggested that all
the coefficients were more or less at par.  Similar trend was observed
in case of data recorded at 15 days prior to actual harvest. The
maximum variation accounted for was 35 per cent for Model —1I.

In the second attempt, moisture per cent at a depth of 0-15 cm
at 91 days after sowing (pod development stage) was included in the
equations and data were reanalysed. The maximum variation accounted
for model—1 was 48 per cent and 44 per cent, in case of 30 days
and 15 days prior to actual harvest of the crop respectively. However,
the test of significance of the multlple correlation coeﬁicmnts suggest-
ed that all the models were at par. .

The equations for 30 days and 15 days prior to harvest of the
crop are :

A

@ Y =-— 3I4.702+8.348X1+34.837X2-{—, 18.664.X3 and

(i) Y =—312 243+ 10. II7X1+18 233X2+16.865X3
respectively. o _

A

whete, ¥ = Predicted yield of crop
X1= -Plant population per unit area.
Xz= Number of mature pods per plant

X3= Moisture content in the soil at the -depth of 0-15 cm
after 91 days of sowing of the crop. .

Thus Model—T which could be computed easily and which had
accounted for the maximum amount of variation could be adopted
for forecasting purpose, with the above mentioned variables, 30 days
prior to harvest of the crop. However, such a model will have
perhaps less utility on account of the comparatively lower amount of
accounted variation (R%*=0.48). "Such a model may be tested for
smaller zones rather than a large region or a state to examine if there
is any improvement in prediction.
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Crop-Weather Relationship with Reference To Rainfed
Agriculture—A Brief Review of Work Done in Agricultural
Meteorology Division, Pune

By :
S J. MASKE! AND P.S. NAYAR'S

The success of Indian Agriculture depends mainly on monsoon
rains. The farmer anxiously looks forward to timely commencement
and proper distribution of rainfall during the season. However,
commencement of rain may be much earlier or considerably delayed -
than the normal dates over all parts of India. The rain may
terminate considerably earlier or persist longer than usual. Rainfall
may unevenly distributed in space and time being excessive in one
part of the country and in deficit in another or excessive during the
part of .the season and in deficit during another part. Because the
vagaries of south-west monsoon, scientific approach to study rain,
water availability for use is dryland agriculture .is all the more a
necessity. As such information on onset, withdrawl and variability
of monsoon rain, water availability periodsand probability of assured
weekly rainfall for different parts of the country, was-discussed in the

paper. N

A network of 36 Evapotranspiration stations located in
different parts of the country has been found useful in estimating
crop water requirements during different crop growth phases and it
has helped to identify the periods of peak consumption. Agricultural
Meteorology Division has undertaken collaborative studies with
Agricultural Universities and Agricultural Research Institutes on
pests and diseases like Paddy Stemborer, Jowar Shootfly, Cotton
Boliworm, Pyrilla of sugarcane, Wheat Rusts and Downy Mildew of

‘ Bajra.

Crop Yield Models Based on Weather Parameters

By
G.S. SARWADE!®

In this paper, work done in India Meteorological Department
on predicting rice and wheat yield in India from weatter parameters
and technology has been reviewed. Some salient features of the
results have been summarised. :

* 14,15 : Indian Meteorological Department, Pune.
16, : Meteorological Office, Pune-3.
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It was ‘observed-that the’ coefficient * of ~vatiation in the yield
ranged !from 10 'to :35%- in case -of kharif Ticé whereas in case of

wheat it ranged from 10to 60%. The percentage variationsaccounted .

by the models were between 75% to 96% for both rice and wheat.
Technology was found to be largely responsible for the yield increase
in recent years in wheat whereas for rice it is felt that technology has
still much scope T R L T TR ST

syt

As regards to’ crop, weather relatlonshlp, 1t was: concluded that. ‘

‘for _kharif rice, dry. spells of more than 8 days in July and August
drastically diminish the yield. Temperature.and other weather factors
were not found to exert significant influence. - In contrast, in case of
wheat low minimum temperatire during Décémber -to 'February was

found helpful in' increasing the- yield: ."Also rainfall prior to the -

sowing. :period of- the wheat -crop which provides necessary soil
moisture " at., the .emergence and initial, growth was found to-exert
profound mﬂuence : -

The performance of the, models have been dlSCllSSed in the .

paper ; Various suggestions have. been. offered. to improve the models
and increase its efficiency in yield forecastmg

o . =

,,,':fIntercroppmg An Approach for Maxnmlzmg Produchon in__ -
. Ramfed Agnculture I N T R R TR S :

By . -
. Lol ani, R U A TR R
. SH. SHINDul?, B.B. PATIL'® AND S.V. MAHAJANY,

In Maharashtra nearly 88 per cent area is underramfed croppmg )
where rainfall is marginal with erractic distribution of rains. In such 9

situation, it is essential to utilize the available rainfall to maximize the
yeild. Intercropping prov1des insurance against risk and gives stable
returns even under -aberrent Wedther conditions. This | is the reason
why small farmers show preference for intercropping over sole Crops.
The intercropping can achieve greater stability by compensation of
one competent crop when the other fails or grows poorly because of
drought. ' Jodha' (I979) has reported’ dlfferent advantages of inter-
cropping system and 'ohe of them is' “mixture involving drought

resistant and’ drought Sensitive crops’; which''reduces the risk of -

failure, of either of the crops”.

17,18,19 : Mahatma Phule Agricultural Uni., Rahuri, Maharashtra-413 722.
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il Success of the' intercropping? systém'.depends -on* selection 'of 2
approprlate (6mponént. cropsosuch «that. ‘they should be'mutually -
cobpérative iinrespect to'théir growth rhiythms, »canopy developmient '
rootingzdepths:|Considering the growthithythms, the best-example of ~
component crops is pearl millet and pegeon pea. Pearl millet complets
the life icycleiby'85 t0:90:days ‘which-iisithe period ofislow growth for
pigeon pea. :After theharvest . of!pedrl mijllety plgcon pea‘getsfull =
scope foi-its gtowth: upto ‘harvest.. Thusthere is minimum competltlon
period. for component crops :resulting fin substant1a1"mcrease in thelr 3
ylelds_ u C‘.,_.EI’ P SR AU AT IS S RO IR TR RS YEY
‘)J 5yl 1.';’ v 3?: 1,} (e /1;,'.-A']‘ RS R e N \ fetr e
In the. mtercroppmg system the, s01l envnronment 1is explorted by i
two different species having different root zones. A combination of
cereals and-pulses is; therefore, found:to: be ~beneficial.. Inclusion of
pulses;in the:intercropping system provides-an additional -benefit of
njtrogen. fixation. ~:Some:;crop .speciesiare "known’ ;to dotbetter in-
diffused light:and thére fore inclusion-ofsuch crops in:intereropping -
system:is-more: advantageous e.g, spréading typeiof groundnut Wthh
requires low light intensity is found:to.:be.good intercrop.- sy

Analysis of data collected for intercropping system faces some
difficulties,, due;:to,, varyingenature;. of marketable products and their

market rates have large fluctuations w1th time and location., So stress
may be given to evolve appropriate statistical procedure for analys1s

intercropping data. ,
oAt Nl wa THenrstE L
o eiaditib sdr aabieron of e ino (RECT T
Sxmulatlon of Sorghumy Yleld .Hsmg Environme_nta]- Factors. - .-+
BY BN 2 e piett o A e - G '-_v,”;', NPT
\A.K.S. :'HUD‘A S M VIRMANIZJ‘ AND:J.G: SAKARAI\” el
,.'S‘ ‘\w;'w NI TR MY, P r.»n\.Wr‘\'Fg'-. n ALK R :7'.‘:';"-' i

- v TQ assess: the contnbutlonl of cnvrronmental factors to sorghum

growth and dcvelopment,, ,,,,,

ments;, were,;conducted. ; durmg 1979 1981. ;at'10" locations (11-31° N=i
lat;tudc) . Data.on cropl growth;>soil waterrat.critical:rgrowthi stages"‘

and. dally climatic variables were ‘¢ollected: thRegression madels that

included one'or;smore:of.the indeperident variables. namely Soil' ‘Water” |
at uplantmg {(SW); . rainfall, »meansitemperature,’ solar' rad1at1on,
evapotranspiration'. (EI) forthe whole:growing season and-for three -

A 20 i"Agroclimatologist’ ¢4y Farming' Systems' Research Program
..Program Leader;. i, .. ¢ JCRISAT, Patanchelu A P.—502 324
22 Computer Programmer et A RV I A T L
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growth stages were developed from 48 data sets. The three growth
stages included emergence to panicle initiation (GSI), panicle
initiation to anthesis (GS2) and-anthesis to maturity (GS3).
Stepwise regression technique was also utilized to develop models.

Results showed no single environmental factor explained
sufficient variability in yield. Rainfall, mean temperature and their
product for three growth stages together explained 67% yield vari-
ation. SW, rainfall, rainfall x ET in GS2 and GS3, rainfall x solar
radiation in GS2 and the mean temperature x solar radiation in GS2'
explained 76% yield variation. These two models when testcd
with. 11 independent data sets explained only 50% ' yield variation.

The need for physiologically based climate and soil driven crop
simulation models as research tool was demonstrated using sorghum
simulation model (SORGF). This model simulates daily sorghum
growth and development. Simulated grain yield using SORGF model
was compared with actual yield data (correlation coefficient =0.87).
Results on error analysis were disussed. '

Bajra Yield in Relation to Rainfall Distribution in Kutch
(Gujarat). : . = : :
By

J.H. PATHAK?® AND R.M. PATEL?!

Fisher (1924) opined to consider the distribution of rainfall to
study its influence on crop. -Alsberg and Griffing (1928) suggested
much shorter than a month for this purpose. Accordingly efforts
have been made tostudy the effect of weekly rainfall. (consider
ing standard meteorological weeks) during the growth period (23rd
week to 38th week) of bajra in Kutch district-of Gujarat State. On.
the basis of correlation between the weekly rainfall and the bajra
yield certain variables (rainfall of 28th, 30th, 31st, 34th, 36th, 37th
and 38th) were omitted from-the analysis and the multiple regression
equation was fitted to the data. Omitting the results of the abnormal
year (1974-75) it was observed that the variables under study
explained 49.75% of the total variation in crop yield. Inclusion of
results of the abnormal year reduced it to 24.32% only.

23. Dy. Dircetor, Directorate of Agriculture Gujarat State, Ahemdabad.

24. Prof. of Agril. Stat.,, B.A. College of Agriculture, Gujarat Agri.
University, Anand Campus, Anand. .




SYMPOSIUM ON.CROP WEATHER RELATIONSHIP ' 107

Role of Water use Efficiency in Crop Weather Analysis—A
Case Study for Rice.

By
A.S.R.A.S. SASTR125 AND J.S. URKURKAR, 2“

¢

In tropical countries like Indxa water is the - llmltmg factor for
crop growth and: development.. For exammlng ‘the relatlve ceop
performance for deciding suitable cropping patterns or crop rotatlons,
a knowledge of water use efficieney gives a clear picturé of the crop
performance. The crop performance can better be judged with "an
analysis of the water use efficiency of not lonly grain yield but also
the total biomass production in view of the economic importance of
fodder productlon The main objective of the study is to stress the
role of water use efficiency in crop weather analysis as the water use
. efficiency analysis integrates more or less the weather based.influence
on crop growth and developed

As a case study the water use eﬁimency of rice crop (Var-Asha)
under 10 different dates of transplanting was studied with a 10 days
interval under 10- different dates of transplanting starting with st
June. The grain yield data as such indicated that the optimal period
of transplanting is from 1Ith to 31Ist -July whereasthe water use
efficiency pattern further filtered thespectrum as 1Ith to 21st July
only. '

This study thus determines the optimal .dates of transplanting
the rice crop. For continuing the same analysis for rainfed crop one

-has to consider the actual evapotranspiration rather than potential
_evapotransplratxon The -actual .evapotranspiration , can. -either' be
.measured by lysimeteres or can be estimated through any water
" budgeting technique. This-type of analysis helps in comparing the
relative performance of rainfed crops. for examining the croppmg
,pattern and crop rotation m any glven ered.

Crop Weather Relatlonshlp—A Study of Ralnfed Agnculture
mlMarathwada '

By
P.R. WAGHMARE?? AND S.R. KSHIRSAGAR®

Agrarian economy of the region is pre-dominantly a weather

25,26.: Zopal ?Agricultural Resear'ch"étatidn,' (Rice Zohe) Jawaharlal
Nehru Krishi Vlshwa Vidyalaya, Ralpur, (M.P.)
7 271,28: Marathwada Agril: Umversxty, Parbhanl, Maharashrta State,
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controlléd-: ‘ongt "Nmety "per icént *bffhe gross cropped area of
Marathwada region is rainfed. Hence, rainfall plays” Jmportant role
in agricalture. However, it is very difficult to obtain the relationship
between yield and, rainfall on, aggregate. basis, In the. .present paper
fo obtain the correlations between aggregate yield “of région and
rainfall, (the rainfall is pooled.from; all.the, «centres),ia isuitable rain-
fall index -is prepared to.obtain the relationship: ; The. relationship
between the yield index and rainfall.index-is.;studied for the--crops
kharif jowar, rabi j Jowar wheat /mung;groudnut; baJra andv tcotton
Crops. o R '-”ixtr GOt RNy

S TR

SRR f'/ s ‘:'i)

A Study on Eﬂ'ect of Ramfall on Ba_]n ‘Yields in. a Few .
Selected Tahsils Flfom.Sc,arcrty Zone of Maharashtra,_State
BY Lo O A (O A SR Ty T

T T

T.A. GHARPURE? AND E.D. BororLg® -

Considering the close association of rainfall and its distribution
in scarcity zone, and its-ultimate effect on the yield of the crop, an
attempt has been made to:find out:suitable prediction equation to
predict yield rate of a tahsrl ‘on the basis of rainfall and “its
distribution. e

Three tahsils yiz, Sirur (Pune), Parner (Ahmednagar) and
Karmala (Solapur) were selected for'the study

The tahsilwise average yield rates of umrrrgated bajrr and
rainfall from 1964-65 to 1981 82 was utrhsed for the study.

Fourteen combination’ of Ifumber of rainy days-and ramfall
durmg each of the periods of (I) June (2) July (3) August (4) Jine-
+ July (5) June + July -+ August (6) September (7) June to Septem-
ber were considered as independent variates. Selection of suitable
variates was carried out in accordance with step down methods as
laid down by Suedecor and Cochren,

The prediction equations obtained for different tahsils are given
below :

1) - Sirur

y=-52.7V():'—{-'I4.99"¥"f‘ X3 F052% g T

4
'

(R = 0 8032)

29,30 Départment of Agricalture, Maharashtia state, Puie-1-
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1

© (2) Parner B e een ol vl bl :}L‘nii'l(\")x"'i b

L y=-4378 +‘087x6+047x1 b Hivi nbow

’_',‘f i S TEIRE Wity LS \“ D (R2 = 03844)

(3) Kal‘mala Procec it by Tl aanuinr

y— 11873 878x1+209**xz-2376*x5+093x6
S e 3o W e T vocasdinal’s e L (R = 07002)

where : y
sac g EAverdge yield rate of unirrigatedbajri-for: the tahs1l
x; = Number of rainy days in June. "
ixz = Rainfall in Junel g s : ‘ S
Number of rainy, day ln.oIP,lY T T
.xs = Number. of rainy. days in August. . -~ -~ - . - .
= .Rainfall in-August. ' ’ Do

fi’_ B Ixm = Rainfall from Tst June to 31st August ‘_ :" T

T L BPT R B R
It is possible to pred1ct ~tahsil level yield rate - On the - basis:of
rainfall data available up to August end.

R

Instability in Agricultural Produétivity and Rainfall in Growth

Context—A Case Study of Karnataka L

' MV NADKARN131 AND R.S. DESHPANDE32 R
Do S

It is contended here that 1nstab1hty in agrlcultural product 1v1ty

'1s not'a purely’ cllma‘uc phenomenon and that’rainfall plays but-a

limited role in explalmng ﬁuctuatlons in product1v1ty over tlme It
is when we view instability in terms of an inter-district anid inter-
crop picture in a growth context that we begm to have more

: 1ns1ghts

As distinct from the usual ‘green revolut1on mode] Karnataka
followed a strategy of extending  the growth push to areas with
unstable rainfall and to rainfed crops, incurring in-the process the
risk of increased -instability. It succeeded:because farmers in.these
regions took the necessary:risks.. It is.atgued that.a state- of affairs
where benefits of such' risk:taking are cornered: by :0ne . 'sector’-while
the costs are borne by risk takers alone, cannot sustain agricultural

growth in the long run. =

N

"731,32 : Tnstitute for-Social and-Econoiiiic Change, Bangalore— 560 072,
RN A ,\]:
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Another factorthat could have increased overall instability in
food-grains productivity is the changing crop composition. Crops
whose yields wére strongly and positively correlated became more
prominent in the process of growth. This needs further attention.

Study on Probability Distribution of Rainfall at Parbhani

By
U.G. DeSHMUKH,® B.S. KULKARN134 AND G RAMAKRISHNA

Rao?

An attempt has been made to fit normal distribution to daily
rainfall data of 30 years recorded at Parbhani (Maharashtra) by using
gamma transformation. ‘The quantile estimates for each penteds were
obtained. It is suggested from the analysis [that estimates corres-

ponding to quantiles lying within 55.to 70 per cent can be considered
to be reliable for forecasting. This mformatlon 1s very much useful
for planning agricultural operations. ~

Influence of Amount and Distribution of Rainfall on the
Yield of Castor in Chalka Soils of Telengana

U.M. BHASKARA RA0% AND C.H. Rao¥

Castor is an important crop of Telengana region of Andhra °
Pradesh. Only 67 per cent of variation can be explained by relating
total rainfall during the crop. growth period. The entire growing season
is divided into five periods broadly c01n01d1ng with different physio-
logical stages of crop. It was. observed that-about 90 per cent of
the - varjation in yield is explained by the rainfall during the period
91-120° days. By considering the rainfalld uring the three periods,
viz. 31-60, 61-90 and - 91-120 days, 98 per cent yield variation is
explainable. The regression equation using these three periods is
most meaningful in view of the fact that the regression plane passes
through origin. The rainfall during the period 1-30 days 121-150 daysare
not influencing the yield as the moisture requirements in those periods
are less, Moreover therainfall duringearlier periods is much stable. The

.regression coefficient for 91-120 days (P,) -is about four times the

regression coefficient for the period 31-60 days (P2) and about five
time the regression’ coefficient for 61-90 days (Ps) indicating the
importance of (Ps). Similar trends were observed by using number
of rainy days as the independent variable,

33,34,35 : Marathwada Agricultural University, Parbhani—431 402.
36,37 : All India Coordinated Research Project for Dryland Agriculture,
Hyderabad—3500 659.
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Rainfall deficiency and recurrence tlme-dmught predlctmn for
Jhansi T

By

D.P. HaNDA®® AND C.R. HAZRA®®

The study indicates the weekly and ‘monthly ‘probability. of
deficient rains and recurrence time in Jhansi. The weekly drought
has* ‘more relevance to crop growth. Rainfall bréaks during mid June
and cantinues upto mid September. About93 per cent yearly rainfall
occurs during monsoon season of which June accounts for 11% July
33% August 32% and September 17%. The- rainy'months (June to
September) vary with respect to drought. September accournts for
54.6 per cent probability of such an occurence and July -being the
least with 26.5 per cent. Similarly, the probablhty of occurence of
drought in first two weeks of June and last two weeks of September are
more (58-73 per cent), indicating a proper crop planning in dryland
condition to overcome these situations. The possibility’ of having
drought in July and August is about once in every seven years whereas
the chancé for June and September bemg the drought once in every _

three years.

Sowing could not possibly be effected before mid June in dryland
condition and also the major field crops particularly those which are
sensitive to drought should synchromize their: flowering and grain
filling period till the moisture lasts. Late maturing crops beyond
September should be avoided in light soils with low moisture holding
capacity. Similarly, the double cropping and’ winfer cropping is
difficult in these areas because of the cessasion of rains by
mid September. Only in heavy soils, ' some crops with Tow moisture

. requirements viz. saflower and mustard could be taken up provided

the first crop is over by end of August preferably fodder crops. -

The possibility of occurence of drought once in qevén years in
the months of July.and August and once'in three years chance for
June and September. This: calls for diversification of crops with
respect to maturity, so that the risk from drought occurence of such
a frequent nature once in three years in the-month of September-
could be minimised particularly with short duration early maturing
crops. Similarly, the sowing of crops will be possxbly be delayed if
the June being the drought once in every three years

38 "2 Scientist, S—1 (Statistics), Division of Blometrxcs and Rural Economxcs
IGFRI, Jhansi.
39t Scientist, S—2 (Soil Science), DlVISIOH of Soxl Scmnce IGFRI Jhans: o
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Crop Weather Relationship With Reference to Rainfed
Cultivation of Groundunut in Saurashtra Region of Gujarat
State*

By
T.J. KHATRI?® AND R.M. PATELY

The Saurashtra region of Gujarat is famous for its groundaut
cultivation. Among various States in India, Gujarat and particularly
Saurashtra region occupies the first position for groundnut cultivation
both in respect of area as well as production. - The crop is mostly
grown as rainfed in a short duration of 100 to 120 days monsoon
season. Attempts have been made to analyse crop weather dafa of
21 to 24 years for the five district of Saurashtra region. The yield
production models have been worked out by selecting, rainfall
variables through step-wise regression analysis. The selected variables
proved very useful in recognizing the critical stages of crop growth
and their relationship with yield. These critical stages will serve as
guide lines in scheduling irrigation treatments for summer and Rabi
cultivation of groundnut crop.

Growth and Fluctuations in Crop oufput of Rainfed Crops in
Anantapur District of Andhra Pradesh -

By _
P. SATYA SEKHAR*?

An attempt has been made to asses the growth performance in
Area, Production and yield of rainfed crops—Jowar, Bajra and
Ragi—in the Anantpur district of Andhra Pradesh. Trends in area,
production and yieid are analyzed with the help of piece-wise
regression relationship. For the purpose of analysis, the study period
1956-80 is devided into three sub-periods, viz (a) Pre HYV period
(1956-57 to 1965-66) (b) HY'V period (1966-67 to 1975-76) and (c)
Post HYV period (1976-77 to 1979-80). The piece-wise relationship
also explaining the season specific effects of rainfall on crop area,
production and yield.

40. Associate Professor of Agricultural Statistics, N.M. College of Agriculture,
Gujarat Agricultural University, Navsari, Gujarat, Pin-396 450.

41. Professor and Head, Department of Agricultural Statistics, Gujarat
Agricultural University, Anand Campus, Anand, Gujarat, Pin-388 110.

42, Centre for Economic and Social Studies, Hyderabad-500 004
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The growth rates of area, production and yield vary substan-
tially across crops as well as over time periods. It can be observed
that the yield rates have been constantly high for all the three crops.
For Jowar and Bajra the growth in area has declined in all the three
periods, However, for Ragi, a positive growth rate in the HYV
period has been observed and in the post-HYV-period, growth rate in
area and yield has declined due to shifts to other crops. The results
have clearly indicated that in 50 per cent of the years of the sample
period rainfall had favourable effects and in the remaining years
unfavourable effects on crop area expansion, production and yield.



