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Impact of elevated carbon dioxide and temperature on wheat production
under sub temperate climate in north western Himalayas, India
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Abstract: Wheat is the second most important cereal crop and plays a key role in food and nutritional security. The
study examines the impact of elevated carbon dioxide and temperature under limited irrigations on wheat crop using
crop growth simulation models under sub temperate climate. The InfoCrop model was validated using the historical
data generated by the research trials of All India Coordinated Research Improvement Project at Palampur, Himachal
Pradesh. The model was run for 20 years from 1991 to 2010 for Palampur weather station. The results revealed 3.6
to 4.0 percent and 1.7 to 7.5 percent increase in simulated crop yield with 420 and 470 ppm CO, respectively. The
elevated maximum and minimum temperature by 1 and 2°C with 370 ppm carbon dioxide reduced the anthesis pe-
riod by 5-7 and 9-11 days respectively over the sowing window of November 15" to December 30™. Similarly, days
to maturity also reduced by 4-5 and 7-8 days with 1 and 2°C rise in temperature respectively. The simulated crop
yield showed increase by 17.9 to 63.0 and 33.2 to 133.4 percent with 1 and 2°C rise in temperature at 370 ppm CO;
under limited irrigations. The simulated grain yield at 420 ppm CO, showed an increase of 23 to 69.7 percent with
1°C and 39.5 to 123.5 percent with 2°C whereas at 470 ppm CO, level the increase was 27.9 to 76.1 at 1°C and
46.4 to 133.0 percent with 2°C rise in maximum and minimum temperatures respectively. Hence, simulated results
of elevated temperature and CO; levels proved to be beneficial in rabi wheat with adaptations strategy of limited
irrigations under sub temperate climate of North Western Himalayas
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INTRODUCTION versely affecting the crop productivity (Bhagatal.,

h . . d. Fiori | 2007). In the face of climate change impact on grop
Wheat {Triticum aestivum (L.) emend. Fiori & Paol.}  otimym sowing time is one of the adaptation meas-
is the staple food of millions of Indians, partaty in

h h Fh di heat i q ures to cope with climatic variability. Shift inwing
the northern of the country. In India, wheat isqeed  ya105 have a great bearing on phasic developmeint an

in %1'19 miIIiog ha arsr? with d94.49' million tonné o dry matter partitioning of crop as variation inncéite
production and 3.03 tha productivity (Annonymous, 5y growing degree days modifies varietal perform-

2015). It is grown from temperate irrigated to dnd 06" The main constraint in assessing risk fram cl

high rainfall area, and from warm humid to dry cold ,5te change is the lack of long-term weather data.
environment. Climate change and variability have th Agricultural productivity is sensitive to climatéange

potential to significantly affec'_[ the production of 4ue to direct effects of changes in temperaturgipi-
yvheati _In chrjnachal Prr?desh,(;hrl]s Cr?ﬁ IS predsehrglg/ tation and carbon dioxide concentrations, and dis®
ing cultivated on 341 thousand ha with a productidn , jgirect effects through changes in soil moistand

680 thousand tonne and produ.ctivity of 1'9, Uha-—yne distribution and frequency of infestation bystse
(Annonymous, 2014). Future climate scenarios may,ng giseases (Mendelsohn, 2014). The spectre of de-
be beneficial for wrg)eat n 8|ng dreglons ((I;hch_teqj an pleting water availability through receding Himaday
Semenov, 2005), but could reduce productivity ineseryoirs and diminishing natural recharge cavero
zones where optimal temperatures already exisiZOrt 1, he 5 kingpin in reduction of wheat productivithe

et al., 2008). In mountain state of Himachal Pradesh, g, q\ing judicious water management strategies in
evidences of global warming are clearly demonatrate crops can adapt the plausible impacts of chanding ¢
by receding rainfall and increasing temperature, ad ota Kumaret al. (2014) reported 6 to 23 and 15 to
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25 % reduction in the wheat yield in India during site (latitude, longitude and altitude) and cropsam
2050s and 2080s, respectively, under projectedatim inputs are also required .
change scenarios. The study presents the impact ddoil texture: Soil thickness upto three layers, pH, EC,
projected climate change (temperature and,)Cah N, P, K, soil organic carbon, soil texture, sand alay
performance of wheat under sub-humid and sub-percent, soil moisture, saturation, saturated hyldra
temperate climatic conditions of Himachal Pradeshconductivity, field capacity wilting point of soiknd
using InfoCrop, a crop simulation model developgd b bulk density.
Aggarwal et al, (2006a) considering the coefficients Crop management: Seed rate, specific leaf area of
worked under Indian conditions. variety, grain weight of crop, date of sowing aee r
quired to initiate the simulation process. The agro
MATERIALSAND METHODS nomic operations namely irrigation, fertilizer masu
Site description: The experimental site is represented crop residue etc. with amount ,type,time of appiaa
by the sub temperate climate during the rabi ceg  and depth of placement are required to execute the
son having mean maximum and minimum temperaturemodel.
between 4.9°C (February) to 31°C(May) . The redgiona Output variables: The standard outputs comprises
fall under mid hill region(1290 m amsl.) with mean crop developmental stage,daily drymatter of stem,
rainfall during crop season is 450 mm . Increasingleaves and roots, grain number and grain yield; lea
trend was observed throughout the year in the mea®@rea index, N uptake by crop, soil water and N eait
temperature change except June (less than -0.5h@). evapotranspiration, N and water stress , flooding,
maximum value was during March and Decembermethane and C{&missioretc.
(more than 2°C). In the irrigated area generallg 3- Calibration and validation of model: In order to
irrigation are available. The simulation was trigifh ~ calibrate and validate the crop simulation model fo
pre-sown irrigation and three irrigations at 40,88@  different phenophases ( Days to reproductive pase
120 days after each sowing window. maturity) and grain and straw yield of wheat, te
Model description: InfoCrop is a generic crop model served field data were taken from All India Coerdi
designed to simulate the effects of weather, sasp-  nated Wheat Research Improvement Project at Palam-
nomic management (including planting, nitrogenj-res pur for three dates of sowings i.e."3ovember, 15
dues and irrigation), and major pests on crop yéeld and 3¢ December (Rabi 2000-2001 and 2001-2002).
its associated environmental impacts. Each proisess The phenological data of variety HS-295 was taken f
described by a set of equations, in which the param Vvalidation of the model. To evaluate model perform-
ters vary depending upon the crop/ cultivar. Infg€r ance, statistical indicator of root mean squarererr
considers the processes such as crop growth amd dev (RMSE) was computed from observed and simulated
opment (phenology, photosynthesis, partitioningyf le Vvariables (Days to maturity: 12.5 days and gyaefd
area growth, storage organ numbers, source: sikk baof wheat : 426.8 kg). The lower difference between
ance, transpiration, uptake, allocation and reitlistr ~ observed and simulated values of crop parameters
tion of nitrogen), effects of water, nitrogen, teergp-  indicated the good fitness of model.
ture, flooding and frost stresses on crop growt an Impact assessment of climate change: The study area
development, crop-pest interactions (damage mechawas represented by sub-humid and sub-temperate cli-
nisms of insects and diseases), soil water balauik, mate with 450 mm mean rainfall is received durryg ra
nitrogen balance, soil organic carbon dynamicssemi Season. The seasonal climate scenarios of 1°C%hd 2
sions of green house gases and climate change enodulrise in maximum and minimum temperature and ele-
More details of the model are provided by Aggareial Vvated carbon dioxide levels (Gf 50 and 100 ppm
al. (2006a). from normal of 370 ppm were used in the model to
Model input requirements: The InfoCrop growth assess the impact of weather parameters variability
model requires input data on crop/variety masteit, s The model was executed for 20 years using data from
texture master and weather for successful execution 1991 to 2010 for Palampur weather station.
Cropl/variety file: The crop variety detayls like variety RESUL TS AND DISCUSSION
name, crop phenology (days to anthesis, days tarmat
ity etc.), leaf area index, grain yield above grbinio- Validation of model: The InfoCrop model simulated
mass, 1000 grain weight are required to developoge and observed days to anthesis for wheat crop under
typic coefficients and characterize the basic fhys late sown conditions were compared for different
logical behavior of a variety. planting dates (Figs. 1-2). The result indicateghbr
Weather:. Daliy weather parameters viz. maximum observed values compared to simulated values. The
and minimum temperature, rainfall, relative humyidit similar study conducted by Kumar et al. (2014) re-
solar radiations are essential and wind speed @&d  vealed that higher simmulated the days to antlibais
pour pressure are optional parameters requiredde e simulated in wheat ranged between 93 to 96 ana 93 t
cute the crop model. The physiography of the study97 respectively using CERES-wheat under Uttara-
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Table 1. Impact of elevated C{J420 and 470 ppm) levels on of late sown whegh arader limited irrigations.

Planting window Grain yield (ka/ha)

Per cent increase/decr ease

370 ppm 420 ppm 470 ppm 50 ppm 100 ppm
30™ November 4307.1 4480.4 4381.5 4.0 1.7
15" December 3339.0 3468.8 3590.9 3.8 7.5
30" December 2103.5 2180.0 2244.5 3.6 6.7

Table 2. Impact of elevated 1 and°2 rise in temperature on days to anthesis, mataritygrain yield of late sown wheat un-

der limited irrigations.

Planting Daysto anthesis Daysto maturity Grain yield (kg/ha)
window Control 1°C 2°C Control 1°C 2°C Control 1°C 2°C

(370 ppm) (370 ppm) (370 ppm)
30" November 137 131 126 165 160 157 4307.1 5078.8 (17.9) 5738.1(33.2)
15" December 126 119 115 151 147 144 3339.0 4759.5(42.5)  4966.1(48.0)
30" December 116 111 105 139 135 132 21035 3428.6(63.0)  4488.2(113.4)

*values in parenthesis are percent increase aneasein yield

Table 3. Impact of elevated CQ50&100 ppm) and 1 andZ rise in temperature of late sown wheat apopdays to anthesis

and maturity under limited irrigations.

Planting Daysto anthesis Daysto maturity
window Control 420 ppm (50 470 ppm (100 Control 420 ppm 470 ppm (100
(370 ppm)  ppm) ppm) (370 ppm) (50 ppm) ppm)
1°C 2°C 1°C 2°C 1°C 2°C 1°C 2°C
30" November 137 131 126 131 125 165 160 157 160 157
15" December 126 119 115 119 115 151 147 144 147 144
30" December 116 111 105 111 105 139 135 132 135 132

Table 4. Impact of elevated C50&100 ppm) and 1 and°€ rise in temperature of late sown wheat crop omgyield and

percent increase/decrease under limited irrigations

Planting window

Grain yield (kg/ha)

Per cent increase/decr ease

Control 420 ppm (50 ppm) 470 ppm (100 ppm) 420 ppm 470 ppm (100
(370 ppm) (50 ppm) ppm)
1°C 2°C 1°C 2°C 1°C 2°C 1°C 2°C
30" November 4307.1 5297.1 6012.0 5508.2 6309.4 23.0 395 27.9 46.4
15" December 3339.0 4973.2 5202.1 5185.4 5431.0 48.0 55.8 55.2 62.6
30" December 2103.5 3570.2 4700.8 3705.3 4901.8 69.7 1235 76.1 133.0

khand agro-climatic condition. The study at Palampu to 113.4 percent, respectively under all plantirig-w

(Fig.2) reflected more simulated yield in companis
to observed except in $0November, 18 December in
2000 and 3November in 2001 sown crop.

Impact of elevated CO, on wheat yield under
limited irrigated condition: The simulated grain yield
with the elevated CQevels of 50 and 100 ppm was
obtained to the tune of 3.6 to 4.0 percent at 5@ pp
The higher increase in yield was observed ifi B@-
vember sown crop followed by f%nd 3¢' Decem-
ber. The higher C@evel of 100 ppm showed increase
in yield to the tune of 1.7 to 7.5 percent and ayed
sowing also

dows. The highest yield was observed iff' Eecem-
ber sown crop followed by 5December and lowest
in 30" November respectively in both 1 and@ rise

in temperature. Mishret al. (2015) observed in Anand
region of Gujarat that the rise in maximum tempaeat
by 5°C may cause reduction in wheat yield by 2230
percent . In present study’Clrise in temperature ad-
vanced the anthesis 5-7 days, wheré@salvanced it
by 11 days. The impact of elevated temperature af-
fected the maturity also as it affects the anthd3is-
thermore, the °C rise in temperature advanced matur-

increased the yield of crop (Table 1).ity 4-5 days where as’@ advanced it by 7-8 days. It

Kour et al., (2013) also reported increase in simulatedmay be due to advances in days of anthesis (Tgble 2

wheat yield up to 18.3 percent with elevated,G®

Prasadet al. (2016) observed thagbi 2011-12 wit-

350 ppm from the base value 330 ppm in temperatsmessed higher temperature during heading which re-

condition.

Impact of elevated levels of temperature: The in-
crease in temperature by 1 and’@ also simulated
higher yield in all the planting windows. The temgpe
ture rise of Jand 2°C showed increase in the yield of
late sown wheat crop to the tune 17.9 to 63.0 &@d 3

duced the wheat yield by 84.3 and 45.2 per cent in
rainfed and irrigated conditions of Palampur (H.P),
respectively as comparedrabi 2010-11.

Impact of elevated temperature and carbon dioxide
levels: The yield of wheat crop increased with rise in 1
and 2°C temperatures when coupled with the elevated
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Fig. 1. Smulated and observed days to anthesis for rabi
wheat crop in Palampur for late sown varieties.
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Fig. 2. Smulated and observed yield for rabi wheat crop in
Palampur for late sown varieties.

and maturity by 4-5 days. WhereaSQ elevated tem-
perature advanced 11days and 7-8 days among days to
anthesis and maturity respectively. When the etsl/at
level CQ, (100) coupled with elevated temperature
(1&2°C) resulted that with °C elevated temperature
the advancement in anthesis was 5-7 days and tyaturi
4-5 days whereas, with elevatetC2elevated tempera-
ture advancement was 11-12 days (anthesis) and 7-8
days (maturity) (Table 3). Yadat al. (2015) revealed
from the study conducted in Varanasi region that th
productivity ofrabi crop wheat decreased by 25.0 per-
cent when temperature increased by "0rom nor-

mal at 330 ppm C@concentration.

Conclusion

The present study assessed that elevated lev&l®of
which resulted in increase in yield in late sownalh
planting windows whereas higher yields were obthine
in 30" November at 50 ppm G@nd 18' December at
100 ppm CQi.e 4480.4 (4 percent) and 3590.9 kg/ha
(7.5 percent). The increase in temperature % dnd
2°C increased the yield in all the planting windovfs o
late sown wheat to the tune of 17.9 to 63.0 peraadt
33.2 to 113.4 percent, respectively wherea8 Be-
cember proved to be the best planting window. The
simulated yield of late sown wheat crop under atégl
conditions at Palampur increased with rise in 1A@ a
2°C temperature when coupled with the elevated CO
levels of 50 and 100 ppm over different dates of-so
ing. The increase in the yield was found to be 28.0
69.7 percent and 39.5 to 123.5 percent under 1% an
2°C elevated temperature levels with elevated, CO
level to 50 ppm and 27.9 to 76.1 percent and 46.4 t
133.0 percent under 1 and 2°C elevated temperature
level with 100 ppm, respectively under limited ga
tions. The 1 and 2C rise in temperature coupled with
50 ppm and 100 ppm higher level of €é@dvanced
the maturity of the late sown wheat crop by 4 to 5

CO; levels of 50 and 100 ppm in different dates of @nd 7 to 8 days, respectively. Amongst the differen
sowing i.e.30 November, 15 and 30 December. The Planting window 30 December planting window
and 2°C elevated levels of temperature coupled with Proved to be yielded higher with rise in temperatur
50 ppm level of C@increased the yield by 23.0 to &lone and along with the elevated C@vel (50
69.7 percent and 39.5 to 123.5 percent, respegtivel PPM and 100ppm) as compare to other planting

The higher increase in yield obtained id"december
followed by the 18 December and 30November,
respectively as followed the same result of impzfct

dates (3® November and 1% December). Hence,
the elevated levels of temperatures by 1 and 2%C an
CO, levels by 50 and 100 ppm from 370 ppm

elevated 1 and °2 rise in temperature. Further in- Proved to be beneficial in rabi wheat with adapta-
crease of 100 ppm GQiso increased the yield by the tions strategy of limited irrigations under sub tem
tune of 27.9 to 76.1 percent and 46.4 to 133.0gmerc Perate climate of North Western Himalayas.

under 1 and 2C elevated levels of temperature, re- ACKNOWLEDGEMENTS
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