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सार – वतर् मान कनततुामन म्न21वी ंसद�न ेनअतंनत नवमयत् डंु�यन मबराडमाइऑनसमाडन(CO2)  कनसमंदतमन510 सेन760 

्माक्नु�ल�नर तनु�ल�नत नवनकसतनवसत नव नतमप्मान ेन1.5 सेन4.5º सेतलनसयसनत नबढ़ाेन कनसभंमवामनह�नज्न ृ�षन
 ्नर्नय�नवनअर्नय�नरपनसेनरभम�वतन �ेकमेनभम�तनजुवमयतनपु�वतरान कन पेलन म्न ाेनवमुमना नर्त नवसत नव न�तेन
हस, हमुमं� , सी�्तन अधनयया�न ाेन उप- दरन जुवमयतन वमुेन पवेपन ककंमन  ेन ्सदमाीन ाुम �न म्न केहेेन उ्नपमदान प�न
 मबराडमाइऑनसमाडन(CO2) व तमप्मान ेनसंयतऑनतनरभमवनप�नधनयमान  �षरतन� यमनहसेनासन्तुदेन मनस्मममान �ाेन ेन
�ुान ा न  तुमन शीषरन  �न (OTC) रय्कन � यमन कयमन तजस म्न ह्ाेन उ न न वमतमव�णीयन  मबराडमाइऑनसमाडन (CO2) वन
तमप्मान मनकेहेेन कनरजम तय�न ेन�व मसनवनउपजनप�नरभमवन मनअधनययान� यमेन�बीन ेनदौ�मानकेहेेन कनफसुनन(DBW 

14 क�न HD 2967)  मबराडमाइऑनसमाडन (CO2) क�न OTC म्न तमप्मान  ेन  म�न उप म�न सयंतऑनत�न  ेन समथन उकमईन कईेनन
अधनययानसेनपतमन ुमनहसन� नकेहेेन कनरजम तयमंनउ न न मबराडमाइऑनसमाडन(CO2)  ेनतहतनबेहत�नरदशरान �तीनह�नतथमन
सम्मननयनपु�वेशन कनततुामन म्नअ�म नदमा�न कनसखंनयम, प���णनवजानक�नउपजनदेतीनह�नव�ानउ न नतमप्मान म्नउपजन
ावनंउपजन�वशेषतमांन ्नपमईनकईनह�ेनसम्मननयनपु�वेशन कनततुामन म्नउ न नतमप्मानवमुेनपु�वेशन म्नपौम�न कनशम��ु� न
पु�पऑनवतमन4 सेन7 �दानत न ्नतथमनउ न न मबराडमाइऑनसमाडन(CO2)  कनपु�तसनथ तन म्नपु�पऑनवतमन3 से 4 �दानत न
बढ़नजमतीनहसेन येनसभीनपु�णम्न ां�कतन �तेनह�न � नउ न न मबराडमाइऑनसमाडन (CO2) वमुमनपु�वेशन केहेेन कनवृु �मनावनं
पसदमवम�नप�नस म�म्न्  नरभमवनवनउ न नतमप्माना म�म्न्  नरभमवनडमुतमनहसे  

 
 ABSTRACT. The atmospheric CO2 will be in the range of 510 to 760 μl L-1 by the end of 21st century and mean 
global temperature will be 1.5 to 4.5 oC higher than the present day which has a direct and indirect effect on agriculture. 
India is a key global region vulnerable to climate change; however, limited studies have focused on the combine effect of 
CO2 enrichment and temperature on wheat production in Sub-humid climate of eastern IGP in India. To address this 
issue, an Open top chamber (OTCs) experiment was conducted during 2013-14, to determine the effects of elevated 
atmospheric carbon dioxide (CO2) and temperature on growth, yield attributes and yield of wheat. Wheat cultivars (DBW 
14 and HD 2967) were grown with four treatment combination of CO2 and temperature in OTCs, during the rabi season. 
The study revealed that wheat genotypes performed better under elevated CO2 condition in term of grain number, test 
weight and grain yield than an ambient condition. The greater biomass under elevated CO2 was brought about by an 
increase in radiation use efficiency (RUE) during both heading and physiological maturity periods. Elevated temperature 
decreased the grain yield but increase plant height compared to ambient temperature. Days to physiological maturity was 
reduced by 4 to 7 days in both the cultivars under elevated temperature condition and increased by 3 to 4 days under the 
elevated CO2 condition with respect to ambient condition. The elevated CO2 had positive effects whereas elevated 
temperature had negative effects on growth, yield attributes and yield of wheat. With elevation of both CO2 and 
temperature, elevated CO2 compensate the negative effects of elevated temperature on growth, yield attributes and yield 
of wheat. 

 
Key words – OTCs, Elevated CO2, Elevated temperature, RUE, Wheat and climate change.  
 

 
1.  Introduction 
 
 Climate change associated with rise in the 
concentration of green house gases (GHG) is likely to 
affect crop production and thus human food supplies. 
Increasing carbon dioxide (CO2) concentration in the 
atmosphere together with rising temperature and changes 
in rainfall amount and patterns are current concerns for 

agricultural crop production and crop quality in the near 
future (Miraglia et al., 2009). Current atmospheric CO2 is 
expected to increase to 550 µmol mol-1 by 2050 under 
most emission scenarios which have the direct and 
indirect effect on rainfed agriculture (Carter et al., 2007). 
This increase is likely to affect the global and regional 
climates and weather patterns. Crop production will be 
affected  by  global  warming.  Elevated  atmospheric CO2  
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Fig. 1. Average climatic condition of experimental site during Rabi season 2013-14 

 
 
 

will promote the growth of plants through fertilization 
effect and enhanced photosynthesis. At the plant level, a 
higher CO2 increases photosynthesis, growth, 
development and yield of a wide range of cultivated       
crops, including rice (Long et al., 2004, 2006; Ainsworth 
and Long, 2005). The productivity of most agricultural 
crops increases under elevated [CO2] is in the                        
range of 15 to 41% for C3 crops and 5 to 10% for                      
C4  crops (IPCC, 2007; Lotze and Schellnhuber, 2009; 
Kimball, 2011). 
 
 The past 50 years have shown an increasing trend in 
temperature @ 0.13 °C/decade, while the rise in 
temperature during the past one and half decades has been 
much higher. It is projected that with the rise of GHGs, 
global average temperature will rise by 3.7-4.8 °C by the 
end of the 21st century (IPCC, 2014). The effect of short 
periods of exposure to high temperatures (>31 °C) on 
wheat grain yields is thought to be equivalent to a 2-3 °C 
warming of the seasonal mean temperature (Wheeler        
et al., 1996b). Also, up to a 23% reduction in grain yield 
has been reported from as little as 4 days exposure to very 
high temperatures (Randall and Moss, 1990; Hawker and 
Jenner, 1993; Stone and Nicolas, 1994). Elevated 
temperature will cause heat injury and physiological 
disorders resulting in reduced yield (Johkan et al., 2011). 
Elevated temperature as a result of elevated CO2 will have 
a major influence on food grain production depending on 
the locations. With temperature increase by 1.0-2.0 °C in 
tropical and subtropical countries such as India food grain 
production is projected to decrease up to 30% (IPCC, 
2014; Johkan et al., 2011). Higher temperatures thus 
decreased the number of days during which plants could 
intercept light for photosynthesis, with consequent 
reductions in biomass and grain yields When mean 
temperature was >28 °C and when there were extremely 

high temperatures early in the growing season with many 
days of maximum temperature (Tmax) > 34 °C, a critical 
maximum temperature for wheat (Porter and Gawith, 
1999), crops did not reach to anthesis or grain set, so it 
was not possible to record anthesis or maturity dates. 
Yield loss of wheat in India due to rising temperature has 
been projected as 4-5 million tonnes per year with every 
degree rise in temperature throughout the growing period 
(Aggarwal, 2007). Therefore, there is a need to develop 
such cultivars that are either tolerant to warming or to 
identify cultivars which perform better under predicted 
climate change scenarios. There are very limited studies 
on the impact of elevated CO2 concentration and 
temperature interaction on this important cereal crop 
under field conditions (Dwivedi et al., 2015). Objectives 
of the study were to evaluate the impacts of elevated 
atmospheric CO2 and temperature on growth and yield of 
wheat cultivars in sub-humid climate of eastern IGP under 
field condition.         
  
2.   Materials and method 
 
 2.1.  Site description 
 
 An experiment using OTCs was conducted in the 
experimental farm of ICAR Research Complex for 
Eastern Region, Patna. The site is located in the Indo- 
Gangetic Plains of north-east India at 25°35ʹ37" N latitude 
and 85°05ʹ E longitude and at an altitude of 51.8 m above 
mean sea level. The climate of the experimental site is 
semi-arid with dry hot summer and mild winters 
(November to January). December, January and February 
are the coldest months with mean daily minimum 
temperature ranging from 5.8 to 15.2 °C. Mean annual 
rainfall is 1205 mm, of which 80% occurs during 
southwest  monsoon  from  June  to September. The  mean  
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TABLE 1 
 

Treatment descriptions 
 

Treatment No. Name Description 

T1 T0C0 Ambient temperature and ambient CO2 
T2 T0C1 Ambient temperature + elevated CO2                     

(500 ± 20 ppm) 
T3 T1C0 Elevated temperature (1 °C higher than 

ambient temperature) +  ambient CO2 
T4 T1C1 Elevated temperature + elevated CO2                 

(500 ± 20 ppm) 

 
 
 
daily pan evaporation reaches a high of 10.1 mm per day 
in May and a low of 0.9 mm per day in January. The crop 
season of wheat is from November to March/April 
(locally called the Rabi season). The soil at the experi-
mental site belongs to the major group of Indo-Gangetic 
alluvium. A soil type was clay loam and good texture with 
neutral pH 7.4 (Table 2). 
 
 2.2.  Crop management and plant sampling 
 
 Experiment was carried out during Rabi season 
2013-14. Two wheat genotypes were evaluated inside 
OTCs at ICAR-RCER, Patna, with an objective to assess 
the impact of elevated CO2 and temperature                             
(1 °C ˃ ambient) on morphological traits and yield. Fields 
(inside the OTCs) were dry ploughed and leveled. Sowing 
was done in the month of November (25th November) at 
the rate of 100 kg/ha with the row to row spacing of 23 cm 
in all plots. In each plot, a uniform plant stand was 
maintained and standard agronomic practices were 
followed for raising and maintenance of plants. 
Experimental plots were fertilized at the rate of                      
120-60-40 kg NPK ha-1. Nitrogen was applied on three 
occasions (50% at sowing as a basal, 25% at 21 days and 
25% at 45 days), while the P2O5 and K2O were applied as 
a basal application. Four irrigations were applied at CRI 
stage, tillering, heading and milking stage, respectively. 
The experimental plots were kept weed free by regular 
hand weeding. The observations were recorded on ten 
randomly selected plants per genotype per replication for 
all the traits in all the phenological stages, plant height 
(cm), biomass (dry basis), as well as grain yield. The gaps 
created by plants removed at all samplings in both OTCs 
and open plots were immediately filled by wheat plants 
from outside the experimental plots. These plants were not 
used for any of the subsequent measurements. Dry 
weights of leaves, stems, roots and grains were 
determined by oven drying at 80 °C until a constant 
weight was attained. Grain yield was measured by 
harvesting the central 1 m2 of each plot at final harvest. 
Yield  components were  measured on a sub-sample  of 10  

 
 

 
Figs. 2(a&b). (a) Weather condition within the OTCS (a) CO2 

concentration at 45, 60 and 75 days after sowing and   
(b) Mean air temperature at 15, 30, 45, 60, 75 and 90 
days after sowing 

 
 
plants from the final harvest. Grain yields were obtained 
from a sampling area obtained by discarding the outside 
rows of each plot.  
 
 2.3.  Construction of open top chambers and CO2 

supply  
 
 Open top chambers (Heagle et al., 1973) were 
extensively used as plant exposure units both in                        
air pollution and in CO2 response studies in the  field.  The 

(a) 

(a) 

(b) 
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TABLE 2 
 

Soil characteristic of experimental site 
 

Year Sand  
(%) 

Silt           
(%) 

Clay       
(%) 

Organic 
carbon  

(%) 

Soil     
pH 

Bulk 
density 
(mg/m3) 

Electrical 
Conductivity  

(dSm-1) 

Available 
Nitrogen 
(kg/ha) 

Available 
Phosphorus 

(kg/ha) 

Available 
Potassium 

(kg/ha) 

2013 -14 29.7 41.8 28.5 0.66 7.4 1.46 0.26 235 27.4 203.6 

 
TABLE 3 

 
Radiation use efficiency (RUE in g MJ-1), for wheat cultivars under T0C0, T0C1 and open field treatment conditions                                                        

in rabi season (2013-14) 
 

Cultivars Treatment RUE±SE (Heading stage) R2 (%) RUE±SE (Physiological maturity) R2 (%) 

DBW14 
T0C0 (Ambient CO2) 1.85 ± 0.23 84 1.83 ± 0.13 82 

T0C1 (Elevated CO2) 1.97 ± 0.33 88 1.95 ± 0.29 86 

 Field condition 1.87 ± 0.20 81 1.81 ± 0.16 84 

HD2967 
T0C0 (Ambient CO2) 1.81 ± 0.19 84 1.79 ± 0.36 87 

T0C1 (Elevated CO2) 2.09 ± 0.18 89 1.98 ± 0.31 90 

 Field condition 1.86 ± 0.21 79 1.86 ± 0.34 83 
 

 
 
Climate in OTCs tracks the dynamic change in 
temperature, light, rainfall as experienced in open area 
without costly and complex environmental controls 
characteristics of closed chambers. The principle 
advantage of OTCs is the ability to provide control over 
the atmospheric variations to which plants are exposed 
while maintaining more or less the same soil conditions of 
the field setting. The circular structure of OTCs was made 
with an aluminium frame covered with UV-treated poly 
carbonate sheet, which transmits around 85% of natural 
sunlight. The frame was 4 m high and the upper part of the 
OTCs was kept open to maintain the near-natural 
conditions of temperature and relative humidity. The base 
of each OTC was provided with a hollow ring of 0.4 m 
diameter covered with PVC sheet and having perforation 
inside for the supply of CO2-air mixture inside the OTCs. 
 
 Each open top chamber was divided into four equal 
quadrants with waterproof brick partitioning. Pure CO2 
was (99.7%, v/v CO2 and less than 10 ppm CO) was 
released from a commercial grade cylinder fitted with a 
regulator. The CO2 concentration of air within the elevated 
CO2 chambers was maintained at the target concentration 
by a PC-based real-time data acquisition and control 
(DAC) system designed based on the principles described 
in Collins et al. (1995). The air sample from the middle of 
the chamber was drawn periodically into a CO2 sensor 
(NDIR, make Topak, USA) to monitor CO2 concentration. 
The set level of CO2 was maintained with the help of 
solenoid valves which were controlled by Program Logic 

Control (PLC) and Supervisory Control and Data 
Acquisition (SCADA) system running Winlog software 
(Make SELCO, Italy). A data logger recorded the                     
mean CO2 within all chambers at 15-min intervals. The 
CO2 supply was switched on only during the daylight 
hours. The chambers were washed regularly with a gentle 
stream of water to remove the dust and to maintain 
transparency. 
 
 2.4.  Weather during crop season 
 
 Daily maximum and minimum temperatures, 
maximum and minimum relative humidity (RH), total 
radiation, daily rainfall and Sunshine hrs (SSH) were 
recorded from the meteorological observatory of the 
ICAR Research Complex, Patna (Fig. 1). Mean daily 
maximum and minimum temperatures and CO2 changing 
trend inside the OTCs were recorded using data logger. 
 
 2.5. Photosynthetically active radiation and 

radiation use efficiency  
 
 The Incident, transmitted and reflected 
photosynthetically active radiation (PAR) were measured 
periodically at the top, middle and bottom of rice crop 
throughout the season using line quantum sensor                      
LI-191SA (LICOR Inc., Lincoln, NE, USA. Radiation   
use efficiency (RUE) was estimated as the slope of the 
linear regression between total biomass accumulation and 
cumulative radiation interception (Monteith, 1977). 
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TABLE 4 
 

Effect of elevated CO2 and temperature on yield attributing traits of wheat crop in OTCs 
 

Treatment Ear length (cm) No. of grain/ear Test wt. (g) Plant height (cm) Physiological maturity (days) 

Environmental condition (Ec) 

T0C0 9.46 32.16 41.00 82.08 117.00 

T0C1 10.01 40.50 44.83 96.50 121.83 

T1C0 9.20 29.83 39.00 93.50 113.83 

T1C1 9.63 37.83 40.83 98.67 119.00 

Cultivars (C) 

DBW 14 8.82 29.91 38.08 90.92 114.92 

HD 2967 10.30 41.25 42.41 100.56 122.42 

Environmental condition * Cultivars 

Ec C      

T0C0 
DBW 14 8.76 26.66 38.33 84.67 115.33 

HD 2967 10.16 37.66 41.66 95.50 122.67 

T0C1 
 

DBW 14 9.20 36.00 40.00 94.00 118.00 

HD 2967 10.76 45.00 45.66 103.00 125.67 

T1C0 
 

DBW 14 8.50 23.00 36.00 93.67 110.00 

HD 2967 9.85 37.67 40.00 99.33 117.67 

T1C1 
 

DBW 14 8.80 34.00 38.00 99.33 116.33 

HD 2967 10.43 43.67 42.33 104.00 123.67 

Factors Ec C Ec x V Ec C Ec x V Ec C Ec x V Ec C Ec x V Ec C Ec x V 

SEm+ 0.44 0.31 0.63 1.48 1.04 2.09 0.88 0.62 1.25 2.08 1.47 2.95 0.87 0.61 1.23 

LSD (p=0.05) 1.15 0.78 1.74 3.49 2.17 5.35 1.68 0.89 2.79 4.33 2.47 6.75 2.45 1.73 3.43 

 CV (%)           11.44                 10.19       5.38             5.28             1.80 
 

 Ec - Environmental conditions; C- Cultivars; Ec × V- Interaction 
 
 
 2.6.  Analysis of soil samples 
 
 Soil samples were collected from 0 to 15 cm depth 
from three places in the OTCs using a 5-cm diameter 
sample auger. Each sample was a composite from three 
locations. The composite samples were analyzed for pH 
and electrical conductivity (Jackson, 1973), organic C 
(Walkey and Black, 1934) and alkaline KMnO4 
extractable N (Subbiah and Asija, 1956), Olsen P (Olsen, 
1954), and NH4OAc-extractable K (Hanway and Heidel, 
1952) contents. 
 
 2.7.  Experimental design and Statistical analysis 
 
 The experiment was conducted in a two                     
factors completely randomized design with three 

replications, CD at 5% (p = 0.05) and ANOVA were 
calculated. The data were analyzed using Statistics 8.1 
software programme. 
 
3. Results and discussion 
 
 3.1.  Weather outside and within open top chambers 
 
 Variations in meteorological parameters within 
different OTCs treatments (Table 1) during the daytime on 
a sunny day are shown in Figs. 2(a&b). The hourly 
average CO2 in the T0C1 ranged between 436 and 518 
ppm with a mean of 477 ppm. The corresponding means 
and ranges for T0C0 and T1C0 were 337ppm (319-391) 
and 330 ppm (322-387), respectively. Findings of the 
study suggest that the CO2 concentration was higher 
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Fig. 3. Effect of temperature in segregation and in combination with CO2 on grain yield of wheat genotypes 

 
 
during morning hours and decrease the day progress due 
to photosynthetic activity of wheat during day time and 
during evening hours the concentration of CO2 again 
increased [Fig. 2(a)]. In all OTCs, the concentration of 
CO2 showed a reduction during a 2-hr period around 
midday and an increase towards the end of the day. The 
mean air temperature was more inside the all OTCs 
compared to open field conditions [Fig. 2(b)]. The mean 
air temperature of the T1C1 treatment was consistently 
greater than that of the T0C0 treatment. This temperature 
difference ranged from 0.09 to 3.9 ºC.  
 
 3.2.  Radiation use efficiency  
 
 The greater biomass under T0C1 treatment was 
brought about by an increase in radiation use efficiency 
(RUE), during the anthesis periods and not by an increase 
in radiation interception. Results have shown that this 
increase in light use efficiency at the cellular level is 
reflected at the crop level also as an increase in radiation 
use efficiency. The RUE of the T0C1 (1.95 & 1.98 for 
DBW 17 and HD 2967, respectively) was significantly 
(p< 0.05) greater than the T0C0 (1.83 & 1.79 for DBW 17 
and HD 2967, respectively) treatment (Table 3). There 
was no significant difference between the RUE of ambient 
and open field conditions. In contrast, both the elevated 
and ambient treatments had appreciably greater post-
heading RUE.  
 
 3.3.  Yield and yield attributes  
 
 The yield attributes and yield of all the wheat 
genotypes showed the positive response to elevated CO2 
and negative with elevated temperature. Yield and yield 
attributes of wheat cultivars growing in different 
environmental conditions were recorded in terms of 
number of ear length (cm), no. of grain ear-1, test weight 

(g), plant height (cm) and physiological maturity (days). 
The maximum length of ear (10.7) recorded in HD2967 
when crop sown under T0C1 treatment and the lowest 
(8.5) T1C0 treatment in DBW14. In case of wheat 
cultivars the maximum ear length (10.3) was found in 
HD2967 followed by DBW14 (8.8), respectively. The 
highest number of grain ear-1 (45) and test weight (45.66) 
was observed under T0C1 treatment in HD2967 and the 
lowest (23, 36 respectively) was recorded in DBW14 
under T1C0 treatment condition. Days to physiological 
maturity reduced by 4 to 7 days in both wheat cultivars 
under elevated temperature condition and increased by 3 
to 4 days under elevated CO2 condition (Table 4). The 
grain yield was significantly higher (0.40 and 0.48 kgm-1) 
in T0C1 treatment compared to T0C0 treatment (0.25 and 
0.34 kgm-1) in HD2967 and DBW14, respectively (Fig. 3). 
The higher grain yields under T0C1 treatment were 
primarily due to their greater biomass production capacity 
and not due to a greater fraction of total biomass being 
partitioned to grains. Wang et al. (2016) also reported that 
grain yield and total biomass were significantly increased 
for rice and wheat with elevated CO2 while decrease with 
elevated temperature. Tao and Zhang (2013) and Abebe  
et al. (2016) also reported that increasing CO2 
concentration in the atmosphere could lead to higher crop 
yields. Singh et al., 2013 found that elevated CO2 
generally stimulates plant photosynthetic processes, 
thereby increasing crop growth and yield. Ghannoum       
et al. (2000) observed that this positive effect of CO2 on 
plant growth is more pronounced in C3 crops such as 
wheat but less notable in C4 crops such as maize. 
 
4. Conclusions 
 
 It can be concluded that the elevated CO2 and 
temperature has a direct impact on wheat yield as there 
was increase in wheat yield with the increase in CO2 
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concentration. Yield attributes (number of ear length, no. 
of grain ear-1, test weight, plant height and physiological 
maturity) and yield of wheat was improved under elevated 
CO2 condition and had negative response with elevated 
temperature. On the contrary, rise in temperature, decrease 
yield attributes and yield of wheat. The elevated ambient 
temperature by 1 °C along with elevated CO2 up to             
500 ± 20 ppm, however, increased grain yield. The 
positive role of CO2 in enhancing photosynthesis and 
productivity of wheat is expected to counteract the 
negative effect of increase in temperature. HD2967 
performed better than DBW14 under elevated CO2         
(500 ppm) as well as elevated temperature condition. 
Since wheat is a staple food crop, long-term studies may 
provide the better understanding on the efficiency of such 
genotypes which are increasingly associated with food 
security. 
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