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ABSTRACT

Hice one of the most important staple food, drows in varying agroclimatic condltions and s
growth and yield Is severely affected by changes in rainfall, temiperature and solar tadiation. In
this study, DSSAT v 45 I Used te simulate crop growth for thres different cultivars namely NDR-
359, NDR-9T and Zarjon-52, to know the Impact of radiation and tempersture an productivity of
tice aver Varanasi The study shows that fluctustions In mean radiation and mean diurnal
tempersiure impact the potentlal yield [t = also found that the Sarjoc-52 i the highest yield
producing variely In the agrociimatic conditions of Varanas|

Keywords: Agreshimatic conditions, radiation, diurnal temparatiurz yeeld prediction

1. Introduction on the rice production in Orissa. They found that
Rice is grown underihe divarse environmental  the model pradicted phanclagical developments
condifions of a wide range of lstiludes and allitudes.  3cturately
The major climatic factors affecting growth and yleld Application of mode! for solar radiation stress
include solar radiation, lemperature and rainfall  agsessment due tlo atmespheric brown clouds at
(Ghoudhury stal. 2008) Therice yield simulated.  Cynak. Orissa during diy seasan (January-May)
by Mathauda and Mavi (1294) for Punjab indicated  revealed a reduction in rice grain yisld by 4% with
that under the warm climate seenaries there was  reduction of incident solar radiation by 30% under
dediing in the grain yield and under the coolclimatic non-ferilized condition (Swainstal, 2007) Pathak
scenario. there was increase in the grain yield etal (2003) congluded that the negative trends In
Sinha et al (1991) analysed the declineinthegrain  solar radiation and an increase in minimum
yigld undsr the warm climatic conditions end  temperature, resulls in decreasing trends of
indicatad the need for selection of the sultable potential vields of rice and wheat in the Indo-
genotypas which will have tha potantials to produce Gangetic plains of India:

&5 good as. under the narmal climatic conditions. I Keorala e sensiivily experimants: of the

Crop growth simulation models pave the way  CERES-rice modal to COZ concentration changes
o choose the best crop variety which s tolerantte  wers carried out by Saseendran et a| (2000)
drought, disease, pesis and to adopt adequale soil  indicated thal ovar the Kerala stata, an increasein
and managemen! praclices to achieve best €02 concentration level enhianced yiald due to its
productivity and sustainabllity of agricultural  ferfiization effect and also increased the water use
production. Pathak et al. (2005) used DNDC modsl  afficiency. The experimenis have also shown that
and found it useful for optimizing agrenomic  forz positive change In temparature upto 50C._thete
managament. changing land use. water and  was a continuols decline in the yisld. Labell (2007)
fertilizer managementin rice fields using a combination of historical datesets and

CERES:Rice models have been calibrated climate modal prnieﬁiuns and national crop ylig!ds
evaluated and used for predictions of phenological  for 1961-2002 tried to evaluate the empirical
development and grain yiald of the crop in differant relationships between average temperature, diumnal

agroclimatic conditions of Kerala and Andhra temperature range (DTR) and crop :”El{iE and

2001) I athiﬂﬁ'ﬂd reasunahhzr accuracy hence  many locations in the latier half afthe 20th cantury

planning. EERESﬂicnmndEIwaﬂ used by Kumar Alluvial Zons of West Bangal for two commonly
etal (2007)for solar radiation siress management  9rown fice cultivars IR-36 and Khifish to determine
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the year-wise variation of simulated visld and
change of it due to change in sowing dales and
observed thal July-end transplanied crop performed
better than mid-July transplanted crop, also, mid-
July transplanted crop performead betiar than 1st
July transplanted crap

Mall and Singh (2000) analyzed the whaat yisld
progress in the Punjab State from trands in the

actual averags yields. followed by adjustments of

these vislds for weather fluctuations using weather
basad yield prediction models CERES-wheat and
WTGROWS and compared them Annual weather
varistions remain majer hindrance in identifying the
contribution of the differant factors o yield across
the years. However trends might be analysed
betier through modalliing, which zllows prediclion
of yield potential as a function of weather alona
across years: Contribution of factors other than
waatherto the yield trends could be evaluatad (Bell
and Fischer, 19594 by companson of actual yields
with those obtgined from weather-driven modals

In the presentistudy an afiemp! i3 made lo s=¢
the effect of climatic variahility through sssociated
maximum and minimum tempsrature and solar
radiation. on the potential productivity of three
differant cultivars of rice namaly NDR-97 Satjoo-
52 and NBR-359.over Varangsi region in the
Eastarn Uttar Pradesh using BSSAT-v 4.5 madal
Such regional Impact studies ara very critical and
impariant for India which has about 65% of its
pepulation relying on agriculture diractly or
indirectly, This will help in develoging crap varieties,
which can withstand to weather conditions of 2
particular region, so as to malntaln food and
nutritiohal security

2. Materials and Methods

21 Data used

Average yearly rice yield (Tabls 1) for the
Varanasi District is obtained from Ministry of
Agriculture, Lucknow for a period 1973-2003
Furiher, any variation In the productivity of rice In
Varanasi District due to separation of Bhadohi
(Mame changed as Sant Ravidas Nagar for faw
years)in 1995 and Chandauli in 1987 is ramoved
while ealculating productivity of unbifurcated district
of Varanasifor these years: incorporating area and
production data of newly created districts of
Bhadohi and Chandauli Daily weathsr data
mﬂuﬂhg sun shing kour, makmum empsraturs and
minimum temparature from 1973 to 2009 were
collecisd from India Meteoroiogical Department.
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2.2 Motel

I the present siudy the CERES-Rice model 3
part of DSSAT-v 4 5 ls used fo assess the potential
yiglds of rice during 2 period of 37 years (15873-
2003) gver unbifurcatzed district of Varanasl using
maximum temperature minimum tempsraiure and
solar radiation under unlimit=d water and nuirient
supply conditions. It i attempted to study the affect
ofthese weather parametars on potential yislds of
rice for three differant cultivars, under varying
growing conditions Since experimental yield data
for these crops are not available In sufficient,
therefore, the genetic coefficient for these rice
cultivars (Table 2) are taken from crop data basse
available at IMD. New Delhi (Singh et sl 2009).

2.3 Yield prediction

The polential vields ef the Varanasi District for
the pariod 1973 to 2005 (year of ﬂuwmg} as
infiuenced by weather were predh:ted using the
CERES rice model CERES rice simulation model
was run, assuming no limitations due to nitrogen
and watar for three cultivars of rice with diffzrent
date of sowing .2 NDR-97 (6 July), Sarjee-52 (11
July) and NDR-353 (25 July)

2.4, Statistical significance tast

The nor-paramettlc Mann-Kendall (M-K)
statistical rank test (WMO, 1%68) which is widsaly
us=d in climate rasearch, is emplovad in this study
to find eut significance of trands present in fims
series data of actual and simulated productivity of
rce as well as various weather paramaterused in
the study The statistical significance is tested at
55% confidencs level

3. Results and Discussion

3.1, Actualyield trends

Linear regression analysis of actual yield
suggests that the average yisld in Varanasi
unbifurcated District has significantly increased
(=10,5976) from 1973 to 2085 at a rate of 46 2 Kg
ha-1y-1 (R2=038) (Fig-1 and Tablz-1}
Considerable variation in annual yisld was obvious
and 3 sharp decline was observad in yisid (1383
Kg ha-1) in the year 2004 which followed by law
yigld years 2005, 2006 and 2007 A remarkable
varialion s seen in rale cfchangs of averaga yield
between twao penm:*:s (1) eariier period of 19731597
showing a rate of increass of 796 Kg ha-1 y-1in
average yield (RZ=0.83) and 12] later penod of
1997-2002 recording a decrease in yield at rate of
61.4 Kg ha-1y-1 (R2=0.30)
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TABLE 2
Actual and Predicted Yields, monthly and crop duration Mean Temperature and Mean

Radiation,
Variety P PZR P5 P20 G1 G2 53 G4
Saljuuﬁ' 4500 1700 365 .0 12.2 47.8 0238 1.00 0.a0
MWDH-ST 3850 B510 4450 ils 520 0220 1.00 1.00
NER-35% 6000 150 0 4100 120 420 D200 1.00 0.2
. Actusl Rice Viefd Over Varanas| Disbrict i M Temperature. [Grop Daration) - Serfeo 52
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Fig1 Pru&r&as of Actual rice yield form 1573 te
2009,

The year to yvear variatien In actual yield
exhibited by the graph is expectad firstly due to
varations in weather parameters and secondly due
to changes in the farming strategies applied each
year viz the changas in inputs e g ferilizers,
salaction of diffarent cultivars. time of sowing
amount and time of imigation efc

3.2 Weather trends

To study the weather trends. sarioes2 (crop
duration 11 July to 18 November)is considerad as
:‘Epre.f.entatwe of whiole rice crop, a5 65% crop ares
is covered by this cullivar {as per local
observations). whersas 15% ofthe land are planted
by NDR-97 and 20% are covered by NDR-359. H
average potential yielo of Sarjoo-52 (4731 Kg ha-
1) ks compared with the average.of area weighted
msan of the potential yields of the three varisties
(4616 Kg.ha-1) taken over the period of 37 yzars
1873-2009 it seems justifiabls

The average growing season (11 July- 18
November) mean temperaturs versus year of
sowing is pressnted in Fig 2 and Table-1 The
Limear regression analysiz of mean lemperature
shows that the mean lamperaiure al Varanasl has
increased butinsignificantly atarate 0f 0.010C y-
1(R2=0.03) Wtindicates that thers is largs yearto
year variation presentwithout g definite frend. The
K squared value is very asmall, which shows that

o Z Mean tempatatur= for crop duration (Sarjoos2)
versus year of sawing

thistrand linz is unable to predict the future values.
The highest mean temperature of 29 10C s
observed during the cropping year 1999, whersas
lowest mean temperature was 26 50C during the
ciop growing year 1980 '

The crop season (11 July-18 Novembar) mean
radiation versus year of sowing is shown in Fig 3
and Table-1 The Linear regression analysis shows
thatthe maan radiation has decreased significaritly
at a rate of 0.03 MJIm-2day-1y-1 (§2=0 12} The
highest maan radiation recaived is 20 1 Mdm-2day-
1 (1879) and minimum mean radiation received is
15.9 MJIm-2day-1 (1588)

Mmn Redatlon [Crop dutstion)- Sajoe 52

3

A T

R Y.

e e

Yuur!

Fig.3 Meaan Radiation for crop duration (Sarjoe-52)
versus year of sawing

Radiniion {ltmduy ")

¥ 3 85 &

133



3.3 Simulated yleld trends

Fig.(4) shows the progressin potantial yvield for
ihree rice cultivars chasen for ihe prasent study
The vatiation In thair potential ylelds Is similar but
thay differ in theirmagnitude A&l the three cultvars
show Insignificant [t values for NDR97=-02102,
Sarjoo<52= -0 1742, NDR-359= -0.09%01)
decreasing trend in their potential yields
GQuantitatively Sarjes-52 is showing highast yield
as compatad to the other twe, most probably dus
to NDR-97 being 2arly sown and NOR-359 belng
iate sown The average petential yigld for the parod
1973-200% (37 year average) for three varishias
clearly shows that Sarjoa:52 is highast yield
producing vartsty_ (Fig 5)
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Fig 4 Comparison of potantial yisld among thres

crop vargtiss
fentagn Poteritinl Yisld Ve Crop Variety
I

L H:III- At

£

& e ando

T

E 4zm e

- [ ]
MER-AT Hiinieaa N

Crop Variely
Figs Average potential yield for thrae crop

varieties during the period (1973-2009)

Further, the actual yizld is compared with the
potential yisld for sach variety, but presented for
enly Sarjoo-52 (Fig &) While the actual average
annual yield In Varanasi show an incrzasing trend
gvertime, polential yields pradicted by the CERES
rice model (for the case of Sarjeo-52) shows
decreasing tendency of 5.3 Kg ha=1y-1 (R2=0.02)

as shownin Fig. 6. ltis also observed, thatthereis
a yizld gap. Sht:erH; that actual yisld may be
increased by minimising this gap, provided the
optimum crop managemeant practices are adopted.
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3.4 Yield and westher variation

As rice crop mainly depend on three weather
parametsrs namely tamperature. rainfall and
radiation, therafore temperaturs and radiation ars
plotted to study their variation and relation with
productivity, however rainfall is not discussed as
model assumes availabllity of adequate rainfall The
analysis of these graphs reveals the complicating
effect of year to year variations of mean
temperature and mean radiation on the predicted
potential yields Fig 7 shows the varation of potential
yleld and crop duration mean temperature versus
year of sowing for Sarjos-52 it fs ssen that with
1ncreaslng trend of mean mperaturs there is
decline in the grain yleld "Similar resuiis were
abtzainad by Mathauda and Mavl (1994)
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Fin.7 Paotential yield and Mean Temparatuse
variations for Sarjoo-52.



Yearto year variations in potential yisld logether
with mesn radiatlon (crop duration) is presented In
Fig B8 for Sarjoo-52. A small but statistically
significant decreasing frend in mezan sadiation is the
comman fzaturs in all the thres varieties. A
decreasing trend In the potential ylelds of 2ach crap
variety Is assoclated with the decreasing trend of
corresponding mean radiations. The same s
analysed by calculating the corselation coafficient
betwesn potential yield and mean radiation for each
crop vanety and tisfoundtobe 0 4, 0 3and 0 4 for
NDR-97. Sarjoo-52 and NDR-359 raspactivaly
Analysis of variations of mean diumal faénges of
ismpetature (Fig. 9) is considered for Sarjao-52
wherz it s2=ms to be one of the impadant faciors
cantralling the Increase or decreass of potaniial
productivity of sice, However, the trend of maan
DTR is decteasing but inslgnificantly st a rate of -
0.00130Cy-1 o

To study all the threa cultivars and associated
temperature and radiation collectively, arsa
weighted mean has been taken, such that the
variety which covars larger area has mors
reprasentation (weight] in the area weighted mean
In Fig. 10, 11 anag 12 the arsa weightad maan of
simulated yield Is compared with area weightad
mean radiation area weighted mean lemperature
and area weighted mean diumal tamperaturs rangs
respectively Fig 10 shows the variations of area
weightad simulated yigld and area weighted mean
radiation. whare area welghied mean radiation

shows a significantdecreasing trend atrate of 003

Mlm-2day-1y-1. The two curves are in phase
zxcept at few years. and hance deviations in
radiation may be impertant influencing paramater
for potential produdivity of the rice crop, The similar
characteristic is seen in Fig 12, showing
imptitance of diurnal range of temparature, with &
decraasing trend but not significant, in deciding the
potential yisid,
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15 Removal of weather variation

Weather effects were removed from vield trand
by subtracting the actual average yields from the
weather-bazed poiential ylelds. o glve a3 mars
appropriate sccount of the rate at which the yield
gap decteases Fig 13 depicts thal whan weather
sffects on yield are removed yield gap decreased
at a lingar rate 0f 51.5 kg ha-1 y-1 (R2=0 13) with
significant trend.

Yisld Gup
{4 ]
%"n ﬁl o6 &1ty ¢ 3002
!ﬂ.'l:- s ='=[1432
! ls
§m . A%
= s = ] ""'r" 1
1 ————
FESLFSFIFFFILPFFLEF
‘foar of Sowing

Fig 13 Yisid gap betwesn pradicted potential yield
using CERES model and obervad actual
yield as funictions of year of sowing

Altkough taking yield diffsrence, considerable
variation dueto weather s remaved. there are slill,
howsaver, large annual deviations prasent The
remaining annual fluctuation in yield is raflacling
model error, annual management deviations from
the long term avarage and pestidiseass The actual
yields are always below predicied potential ylelds
indicate subecptimal management and
marginalization of the rice crop in the region

4. Conclusions

In the presant study different weathes
parameters were analysed and it is found thatsmall
changesin the growing season mean radiation and
mean diurnal range of temperature over the years
appeared to be the key aspectofweather affecting
yaarly yleld Among the thres rice cultivars
mnqﬁ_ered for the current study. Sarjoo-52 = _fElum:l
o be highest yield producing variety. This type of
study could help to find out crop varisties, which
can withstand to the varied climatic conditions in
differant regions

Variation in yisld due fo weather could be
removed by laking yield difference; however,
remaining fluctuations may be dues fo imperfect
modsl, variabans In crop management stralzales.
nature and inlensity of pest and diseass over the
years The variatiens in rainfall may be other factor,
aitheugn it is assumed to be adequate in the madel
The actual! yields are always below predicted
potentil yields indicates suboptimal management.
Rice productivity may be enhancad by minimizing
yietd gap through improving efficiency of presant
agricultural system and appropriate management
praciices |
Acknowledgements

The authars wish 1o 2xprass sincare thanks to
India Metesrological Deparimant for providing the
necsssary weather daia and to Deparimant of
Agriculture, Ultar Pradesh for providing Rice
productivity data aver Varanasi. One ofthe authors
[AT) ecknowledges with thanks the financial
assislance in the form of a Fellowship provided by
the University Grants Commission for ressarch.

References
Bell MA and Flscher RA . 1934  Using
vield prediction models to assess yisld gains:

a cass study for wheatl. Figld Crops
Research, 36 pp 161-166

Bara M  Bansrjes 5 Sharmah, K. Nanda,
M K., Ehattacharya B:¥ and Khan DK,
2013 Determining Potzntial Yield and Effect
of Change of Transplanting Dats on Yield of
Kharif Rice through Crop Grawth Simuiation
model, Joumal of Agricultural Physics, Vol 13,
No. 1, 80-85

Choudhury, S Basti ASRAS. Singh R
Patel 5./ and Naidu D. 2008° Assesment of
praduction patential of rice with and without
mojsture stress in clayay soil using CERES-

136



Ricz model, Journal of Agrometeorology
10(2). 165-168. ' '

Kumar, Dafip; Srikantha Herath . Sanjoy Saha
and Rabindra Nath Dash 2807 CERES Rice
model Calibration. Evaluation and application
for salar radiation siress assessment on rice
production. J Agrometerology 9(21 138-148.

Lebell, DB, 2007 Changes in diurnal
temperaturs range and national cerzal yislds,

Agricultural and Forest Meteorology, 145,
238:238

Mall R K and Singh K K., 2000 Climate
variabifity and wheat yield progress in Punjab
using the CERES-wheat and WTGROWS
models, Vayu Mandal, pp 35-40

Mathauda. 5.5, and Mavi H.8 1594 Impact
of Climate change in Rice production in
Punjeb, Indis Climate change and rica
Sympesium, IRRI, Manlla, Philippines

Pathak H C Li and B Wassmann 2005
Greenhouse gas emissions from Indian rice
fields calibration and upscaling using the
DMNDC medel Bisgeosciences 2, 113123

Pathak H., Ladha. Aggarwal F K Peng, 5.
Das, S, Singh, Y, Singh, B, Kamra, S K
Mishra, B., Sastri ASRAS  Aggarwal
HP _ Das DK and Gupta RK 2003
Trends of cimatic potantial and an-farm ylelds
of rice and wheat in the Indo-Gangetic Plains,
Figld Crops Research 80 223-234

137

Sasesndran, AS.K , Singh, KK  Rathore,

LS. . Singh, SV. and Sinha, 5K . 2000

Effects of climate change on rice-production
in the tropical humid climate of Kerala. India.
Climatic Change, 44 495514

Saseendran, SA, Rathore LS . Singh KK
Nistia Mendiratta and Singh, SV 1998
“Validation of CERESHicav3 model for the
tropicat humid agroclimatic of Kerala state”
Metaotalogical application. 5. 385-392.

Saseandran, 5.4  Reddy, D Raji . Rathore.
L S Rao, Narasimha$S B.S. and Singh SV
2001 Vaiidation of CERES-Ricev3 5 undar
the ciimate of Andhra Pradesh state, India
Mausam, 52 (3} 551-550

Singh K K., Baxla A K. and BalasubramaniR |
2009 A report on database for rice cultivars
used in CERES-Rice crop simuplation model
2009

Sinha. £ K. and Swaminathan, M 5. 1931
Deformation, Climate change and sustainable
nutrition security. Climate Changs 16,3345

Swsain D K., Herath 5 Saha S and Dash
RN, 2007 CERES-Rice model: Calibration,
avaluation and application for solar radiation
stress assessmeant en rice production,
Joumnal of Agrometecrology. Vol 9 No 2, 138
148

WHIO 1986 WMD Technical Note No 79, WMO
No. 195-TP100, WMO, Geneva, p 6465



