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Abstract 

  The impact of eCO2 is crop and genotype specific. In order to access the impact of the elevated CO2 (550 ppm) 

two crops with different photosynthetic pathway maize (C4)-an important cereal and groundnut (C3)-leguminous oil 

seed crops were raised in OTCs. At harvest the biomass and yield parameters were recorded. It was observed that 

eCO2 improved biomass and yield of both the crops with different magnitudes. It was interesting to observe that the 

eCO2 condition improved more of reproductive components than vegetative biomass of both the crops. The increased 

seed number under eCO2 improved the seed yield of both the crops. The higher partitioning of biomass towards 

economic parts improved the harvest index of the crops. 
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Introduction 

The elevated atmospheric CO2 concentration is a 

major concern of global climate change. The 

anthropogenic greenhouse gases resulting in global 

warming will no doubt affect the food productivity 

directly and also raise concern for security indirectly 

as the population increases. Plant growth response to 

the rising CO2 concentration affect ecosystem 

productivity in the future and also the magnitude of C 

sequestration by plants. Changes in CO2 

concentration, temperature and water availability are 

likely to substantially regulate plant growth, function 

and development, thereby affecting the productivity 

of terrestrial ecosystems (Cramer et al., 2001; 

Nemani et al., 2003; Allen et al., 2010). 

Understanding how plants have and will respond to 

the rapid change in CO2 concentration, is an essential 

initial step in understanding the impact of global 

change on terrestrial ecosystems. (Bernacchi et al., 

2007). Current atmospheric CO2 levels are increasing 

at a rate of 2.5 ppm per year and are predicted to 

reach nearly 550 ppm by 2050 (Kallacrackal and 

Roby, 2012; Friedlingstein et al., 2014). Crop 

productivity will be greatly influenced by how 

climate affects the rate of crop development 

(Craufurd and Wheeler, 2009). 

Plants carry out fixation of carbon during 

photosynthesis either by C3, C4 or CAM process. 

The C3 pathway is representative of approximately 

94% of all known plant species (Barnaby and Ziska, 

2012).  The C4 photosynthesis is an adaptation of the 

C3 pathway that overcomes the limitation of the 

photorespiration (which takes place in C3 plants), 

improving photosynthetic efficiency and minimizing 
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the water loss in hot, dry environments (Edwards and 

Walker, 1983). Increasing CO2 concentration 

increases crop yield once the substrate for 

photosynthesis and the gradient of CO2 concentration 

between atmosphere and leaf increase. C3 plants will 

benefit more than C4 plants at elevated CO2 (Streck, 

2005). C4 plants have rapid growth rates and higher 

biomass and economic yields as compared to the C3 

plants. Doubling of the current ambient CO2 

concentration stimulated the growth of C4 plants to 

the tune of 10–20% whereas that in C3 plants was 

about 40–45% (Ghannoum et al., 2000). Yields of 

most agricultural crops will increase under elevated 

CO2 with productivity increases in the range 15 to 

41% for C3 crops and 5 to 10% for C4 crops (Lotze- 

Campen and Schellnhuber, 2009).  Even with 

elevated CO2 levels, C4 plants are able to maintain 

their competitive advantage over C3 plants under 

environmental extremities (Srivastava et al., 2012).  

Maize (Zea mays L.) is the C4 species which is 

the most extensively grown in the world. We selected 

maize as a C4 crop plant because this crop is 

important to smallholders and it has a wide range of 

uses such as human food, feed grain, and fodder crop 

and for hundreds of industrial uses. The reason for 

this is broad global distribution, its low price relative 

to other cereals, its diverse grain types and its wide 

range of biological and industrial properties. In terms 

of production, maize is the third most important food 

crop globally, and its demand is predicted to increase 

45% from 1997 to 2020 (Young and Long, 2000). 

Groundnut (Arachis hypogaea L.), a subtropical 

leguminous C3 crop, which is widely grown under 

various climatic conditions in Asia, Africa and North 

and South America. Groundnut is the third most 

important oilseed crop in India after soybean and 

rapeseed mustard. Groundnut is considered as a vital 

source of nutrients and calories for optimum health 

(Chowdhury et al., 2015), as it is a good source of oil, 

protein, food for people and is a source of fodder for 

cattle. However, assessment of the regulatory 

mechanisms of groundnut in response to future 

changes in climatic conditions is limited (Clifford    

et al., 2000).  

Materials and Methods 

Groundnut (Dharani) and maize (DHM-117) 

were selected to assess the impact of elevated CO2 on 

their growth, biomass and yield. Dharani is a released 

groundnut (C3 plant) variety obtained from Regional 

Agricultural Research Station (RARS), Tirupati, 

Andhra Pradesh while DHM-117, is a maize (C4 

plant) variety  obtained from DMR regional station at 

Hyderabad. Plants were grown in Open Top 

Chambers (OTCs) of 3 x 3 x 3 m dimension which 

were covered with transparent PVC sheet (Vanaja    

et al., 2006) at CRIDA Hyderabad, India. Two lines 

of eight plants of both the genotypes were grown in 

four OTCs where ambient CO2 conditions was 

maintained in two OTCs and 550 ppm concentration 

of CO2 was maintained in the other two OTCs, 24 hrs 

a day, from sowing to final harvest and was 

monitored continuously throughout the experimental 

period to quantify the effect of elevated CO2
. The 

spacing between the groundnut plants was 10 cm and 

between rows was 30 cm while the spacing between 

the maize plants was 35 cm and between the rows 

was 75 cm. The recommended dose of fertilizers was 

applied and crop was irrigated at regular intervals.  
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 At final harvest, three plants were collected from 

each crop from each treatment and were examined for 

growth, biomass and yield related parameters. The 

samples were evaluated for shoot length (cm), root 

length (cm), root volume (ml), yield parameters i.e. 

pod/ cob weight (g/pl), seed number, seed weight 

(g/pl), test weight (g), total biomass (g/pl) (calculated 

as total biomass of pod weight or cob weight and dry 

weight of leaf, stem and root). The harvest index (%) 

was calculated as ratio of seed weight and total 

biomass and expressed as percentage.  

Results and Discussion 

The results of ANOVA revealed that the 

variation in response of both the crops is highly 

significant (at p<0.01) for all the plant growth and 

yield parameters (Table 1). For the two CO2 levels, 

highly significant differences (at p<0.01) were 

observed for plant height, shoot and root dry weight, 

total biomass, vegetative biomass, seed number and 

seed weight while  significant differences (p<0.05) 

were observed with root volume and leaf dry weight. 

The interaction of crops and CO2 levels, registered 

highly significant (p<0.01) variations for plant height, 

root and shoot dry weight, total and vegetative 

biomass, seed weight and seed number while 

significant difference (p<0.05) were observed with 

test weight and root volume. 

Morphological characters 

Among the crops selected, the impact of eCO2 

resulted in taller (12.2%) plants in maize while no 

impact on groundnut was observed when compared to 

plants grown in ambient CO2 conditions (Table 2). 

Slafer and Rawson (1997) reported that height of 

Triticum aestivum plants grown in elevated CO2 

increased by 17%. Several other studies reported that 

plant growth of C4 species responded positively to 

elevate atmospheric CO2 (Larcher, 2003).  A number 

of C4 crop plants express a positive response to 

growth at elevated CO2, although to a smaller extent 

compared to C3 plants (Kimball, 1993; Poorter et al., 

1996). Studies done by Pettersson and McDonald 

(1992) on Castanea sativa reported that there is no 

effect of elevated CO2 on stem length. 

In both the crops increased root length was 

observed with elevated CO2 (Table 2). In groundnut 

the root length increased from 13.67 to 14.33 cm 

while in maize the root length increased from 34 to 

36 cm in the plants grown in elevated CO2 

conditions. Rice variety Pusa 834 when exposed to 

elevate CO2 resulted in increased root length and the 

increase was 65% more than compared to ambient 

grown plants (Uprety et al., 2000). The Root volume 

also improved in both the crops. In groundnut the 

increase was 12.5% more in eCO2 grown plants while 

in maize 26.83% more voluminous roots were 

observed in the plants grown in eCO2 revealing that 

the eCO2 improved the lateral roots which enable the 

plants to explore more volume of soil for moisture. 

As both these crops mainly grown under rain fed 

conditions, this increase in root volume enable them 

to survive under moisture stress for more number of 

days. Root volume was increased in blackgram 

(Vigna mungo L. Hepper) when grown under 

elevated CO2 conditions due to more lateral roots and 

root hair formation (Vanaja et al., 2007). 

Biomass and Yield parameters: The total biomass of 

both the crops increased with eCO2. The total 

biomass was increased from 44.07 to 48.36 g in 
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groundnut while in maize it increased from 380.17 to 

486.53 g in eCO2 grown crops (Table 2). In both the 

crops the contribution of reproductive biomass was 

more in increasing the total biomass under eCO2 as 

compared to the vegetative biomass. The eCO2 

conditions increased the vegetative biomass by 6% in 

groundnut while 20.8% in maize. Rice plants when 

exposed to elevated CO2 resulted in the 16% increase 

in dry weight of shoot while the increase in root dry 

weight was 200% (Uprety et al., 2000). The 

availability of additional photosynthate enables most 

plants to grow faster under elevated CO2, with dry 

matter production in FACE experiments being 

increased on average by 17% for the aboveground, 

and more than 30% for the belowground portions of 

plants (Ainsworth and Long, 2005). Kimball (1983) 

reviewed 430 observations of carbon dioxide 

enrichment studies and reported an average yield 

increase of 33% for a doubling of the carbon dioxide 

concentration.  Experiments conducted by Yadav     

et al. (2011) on two cultivars of groundnut (Arachis 

hypogaea L.) at elevated CO2, reported that the total 

biomass registered an increase of 25.6 and 12.9% 

respectively at both 550 and 700 ppm CO2 levels 

compared to ambient control conditions. 

Pod weight per groundnut plant in aCO2 grown 

plants was 19.2 g while in eCO2 grown plants it was 

22 g. In maize, cob weight was found to be 122.8 g in 

aCO2 grown plants while it was 175.6 g in eCO2 

grown plants. It was interesting to observe that 

reproductive biomass increased 14.5% in groundnut 

while 43% in maize, when grown in elevated CO2 

conditions  (Fig. 1).  Wand et al. (1999)  reviewed the  

literature and reported that atmospheric 

CO2 enrichment increased total biomass of C4 and 

C3 grasses by 33 and 44%, respectively thus it is 

clear that C4 plants can respond to increases in the 

CO2 content of the air and concluded that at current 

and future atmospheric CO2, C4 grasses have 

advantages over C3 grasses. 

In both the crops eCO2 resulted in more seed 

number and more seed weight. In groundnut the seed 

number increased from 31.67 to 41.33 while the seed 

weight increased from 14.03 to 15.67 g under eCO2 

conditions. In maize the seed number increased from 

384.33 to 529.67 in plants grown in eCO2 conditions 

while the seed weight increased from 80.03 to 117.83 

g under eCO2 conditions.  The percentage increase in 

maize seed weight was more than seed number which 

implies that plants grown under eCO2 had fuller 

seeds. However, the test weights decreased by 14.3% 

in groundnut while an increase of 6.3% in test weight 

was observed in maize when grown in eCO2 

conditions. The harvest index increased in the two 

crops when grown under elevated CO2. The increase 

was 1.8% in groundnut while in maize 14.96% 

increase in harvest index was observed (Fig. 1). 

Elevated CO2 significantly improved the HI of maize 

genotypes when grown in elevated CO2, to the extent 

of 11% with DHM-117 and Varun to 68% with 

Harsha (Vanaja et al., 2015). 

Conclusion 

The eCO2 conditions impacted both the crops 

positively and improved biomass and yield. However 

the magnitude of response of individual components 

of   each   crop   differed.  Among   the    different
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Fig. 1. Responses of biomass and yield parameters of C3 (Dharani) and C4 (Maize) crop plants under eCO2 

 

 

 

 

 

 

 

 

*TB total biomass, RB reproductive biomass, VB vegetative biomass, SW seed weight, SN seed number, HI harvest index and TW test weight 

Table 1. ANOVA for growth, biomass and yield parameters of Groundnut (Dharani) and Maize (DHM-117) crop plants under aCO2 and eCO2 levels 

 

 

 

 

 

 

* LDWT leaf dry weight, SDWT shoot dry weight, RDWT root dry weight, TB total biomass, S.Wt seed weight, SN seed number, VB vegetative biomass, HI harvest index, TW test weight, RV 

root volume, RL root length, P Ht. Plant height. (**p<0.01; * p<0.05) 

 DF LDWT SDWT RDWT TB S.Wt SN VB HI TW RV RL P Ht 

Crops 1 
13595.94

** 

95836.81

** 

465.87

** 

449612.78

** 

21210.02 

** 

530460.75

** 

200490.01 

** 

271.56

** 

1149.68

** 

17236.92

** 

1323.0

** 

142354.08

** 

CO2 

levels 
1 

39.676 

* 

1541.33 

** 

4.380 

** 

9183.67 

** 

1166.24 

** 

18018.75 

** 

2270.68 

** 

10.462 

 

18.90 

 

257.61 

* 

5.333 

 

574.08 

** 

Crops* 

CO2 

levels 

1 
22.908 

 

1474.08 

** 

3.58 

** 

7814.73 

** 

981.02 

** 

13804.08 

** 

2031.38 

** 

 4.96 

 

44.232 

* 

246.61 

* 

1.33 

 

588.0 

** 

Error 8 5.454 121.681 0.318 611.570 48.943 353.33 160.923 6.536 6.249 29.177 1.667 13.917 
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Table 2. Mean performance of growth parameters and vegetative biomass of C3 (Dharani) and C4 (DHM-117) crop 

plant under ambient CO2 (aCO2) and elevated CO2 (eCO2) 

 

Parameters 

Groundnut Maize 

aCO2 eCO2 aCO2 eCO2 

Plant height(cm) 68.67±1.78 68.5±1.62 272.50±3.98 300.33±2.48 

Root length(cm) 13.67±0.41 14.33±0.41 34±1.22 36.00±1.22 

Root volume(ml) 1.6±0.071 1.80±0.122 68.33±2.04 86.67±7.36 

Leaf dry weight(g) 10.44±0.069 11.32±0.054 75.0±0.96 81.4±3.16 

Shoot dry weight(g) 13.9±0.561 14.40±0.857 170.47±11.916 215.3±10.02 

Root dry weight(g) 0.53±0.037 0.65±0.015 11.90±0.612 14.2±0.51 

Total biomass(g) 44.07±0.66 48.36±1.25 380.17±34.48 486.53±5.71 

Vegetative biomass(g) 24.87±0.51 26.36±0.92 257.37±13.31 310.90±11.99 

Reproductive biomass(g) 19.2±1.11 22.00±1.04 122.8±22.64 175.63±8.01 

Seed weight(g) 14.03±0.78 15.67±0.64 80.03±6.19 117.83±7.65 

Seed number 31.67±1.08 41.33±1.08 384.33±9.34 529.67±24.85 

Harvest index (%) 31.89±2.27 32.47±2.16 21.09±0.31 24.24±1.78 

Test weight 44.31±1.75 37.96±2.17 21.09±0.31 24.24±1.78 

parameters,   the   reproductive   components were 

improved more than vegetative components of both 

the crops. It was interesting to record that maize 

being a C4 crop recorded significant improvement 

with eCO2 for both biomass and yield. The groundnut 

being a C3 leguminous oil seed crop responded 

positively more for seed number and continuous 

flowering resulted in decreased test weight mainly 

due to late formed pods. The improved HI in both the 

crops due eCO2 indicating that the partitioning of 

increased biomass towards economic yield implies 

that future predicted increased atmospheric CO2 is 

going to benefit the crop yield. 

References 

Ainsworth EA, Long SP (2005). What have we 

learned from 15 years of free-air CO2 

enrichment (FACE)? A meta-analytic review of 

the responses of photosynthesis, canopy 

properties and plant production to rising CO2. 

New Phytologist 165: 351-372 

Allen CD, Macalady AK, Chenchouni H, Bachelet D, 

Mcdowell N, Vennetier M, Kitzberger T, 

Rigling A, Breshears DD, Hogg EH, Gonzalez 

P, Fensham R, Zhang Z, Castro J, Demidova N, 

Lim JH, Allard G, Running SW, Semerci A, 

Cobb N (2010). A global overview of drought 

and heat-induced tree mortality reveals emerging 

climate change risks for forests. Forest Ecol 

Manag 259: 660-684. 

Barnaby JY, Ziska LH (2012). Plant Responses to 

Elevated CO2. In: eLS. John Wiley & Sons Ltd., 

Chichester, UK.    

Bernacchi CJ, Kimball BA, Quarles DR, Long SP, 

Ort DR (2007). Decreases in stomatal 



Ira Khan et al., 2018 

www.currentsciencejournal.info 

conductance of soybean under open air elevation 

of [CO2] are closely coupled with decreases in 

ecosystem evapotranspiration, Plant Physiol 

143: 134-144. 

Chowdhury MFN, Hossain MD, Hosen M, Rahman 

MS (2015). Comparative study on chemical 

composition of five varieties of groundnut 

(Arachis hypogaea). World J Agric Sci 11: 247-

254. 

Clifford SC, Stronach IM, Black CR, Singleton-Jones 

PR, Azam-Ali SN, Crout NMJ (2000). Effects of 

elevated CO2, drought and temperature on the 

water relations and gas exchange of groundnut 

(Arachis hypogaea) stands grown in controlled 

environment glasshouses. Physiol Plantarum 

110: 78-88. 

Cramer W, Bondeau A, Woodward FI, Prentice IC, 

Betts RA, Brovkin V, Cox PM, Fisher V, Foley 

JA, Friend AD, Kucharik C, Lomas MR, 

Ramankutty N, Sitch S, Smith B, White A, 

Young-Molling C (2001). Global response of 

terrestrial ecosystem structure and function to 

CO2 and climate change: results from six 

dynamic global vegetation models. Glob 

Change Biol 7: 357-373. 

Craufurd PQ, Wheeler TR (2009). Climate change 

and the flowering time of annual crops. J Exp 

Bot 60: 2529-2539. 

Edwards GE, Walker DA (Eds.) (1983). C3, C4: 

mechanisms, and cellular and environmental 

regulation of photosynthesis. Science 222(4627): 

pp. 100. 

Friedlingstein P, Andrew RM, Rogelj J, Peters GP, 

Canadell JG, Knutti R, Luderer G, Raupach MR, 

Schaeffer M, van Vuuren DP, Le Quéré C 

(2014). Persistent growth of CO2 emissions and 

implications for reaching climate targets. Nature 

Geoscience 7(10): 709-715. 

Ghannoum O, Von Caemmerer S, Ziska LH, Conroy 

JP (2000). The growth response of C4 plants to 

rising atmospheric CO2 partial pressure: a 

reassessment. Plant Cell Environ 23: 931-942. 

Kallarackal J, Roby TJ (2012). Responses of trees to 

elevated carbon dioxide and climate change. 

Biodivers. Conserv 21(5): 1327-1342. 

Kimball BA (1983b). Carbon dioxide and agricultural 

yield: An assemblage and analysis of 770 prior 

observations. Phoenix; US Water Conservation 

Laboratory, pp 77. (Water Conservation 

Laboratory Report, No. 14). 

Kimball BA, Mauney JR, Nakayama FS, Idso SB 

(1993). Effects of increasing atmospheric CO2 

on vegetation. Vegetatio 104/105: 65-75. 

Larcher W (2003). Physiological plant ecology. 4th 

ed. Springer-Verlag, Berlin Heidelberg, 

Germany.  

Lotze-Campen H, Schellnhuber HJ (2009). Climate 

impacts and adaptation options in agriculture: 

What we know and what we don’t know. J 

Verbraucher schutz und Lebensmittelsicherheit. 

4: 145-150.   

Nemani RR, Keeling CD, Hashimoto H, Jolly WM, 

Piper SC, Tucker CJ, Myneni RB, Running SW 

(2003). Climate-driven increases in global 

terrestrial net primary production from 1982 to 

1999. Science 300: 1560-1563. 

Pettersson R, Mc Donald AJS (1992). Effects of 

elevated carbon dioxide concentration on 



Ira Khan et al., 2018 

www.currentsciencejournal.info 

photosynthesis and growth of small birch plants 

(Betula pendula Roth.) at optimal nutrition. 

Plant, Cell and Environment 15: 911-919. 

Poorter H, Roumet C, Campbell BD (1996). 

Interspecific variation in the growth response of 

plants to elevated CO2: a search for functional 

types. In: Korner, C. and Bazzaz, F.A. (Eds.). 

Carbon Dioxide, Populations, and Communities. 

Academic Press, New York, USA, 375-412. 

Slafer GA, Rawson HM (1997). CO2 effects on 

phasic development, leaf number and rate of leaf 

appearance in wheat. Ann Bot 79: 75-81. 

Srivastava J, Chandra H, Anant R. Nautiyal and 

Swinder J. S. Kalra (2012). Response of C3 and 

C4 Plant Systems Exposed to Heavy Metals for 

Phytoextraction at Elevated Atmospheric CO2 

and at Elevated Temperature, Environmental 

Contamination, J Srivastava (Ed.), ISBN: 978-

953-51-0120-8, In Tech. 

Streck NA (2005). Climate change and agro 

ecosystems: the effect of elevated atmospheric 

CO2 and temperature on crop growth, 

development, and yield. Santa Maria, 35(3): pp 

730-740. 

Uprety DC, Kumari S, Dwivedi N, Mohan R (2000). 

Effect of elevated CO2 on the growth and yield 

of rice. Indian J. Plant Physiol 5(1):105-107.  

Vanaja M, Maheswari M, Jyothi Lakshmi N, Sathish 

P, Yadav SK (2015). Variability in Growth and 

Yield Response of Maize Genotypes at Elevated 

CO2 Concentration. Adv Plants Agric Res 2(2): 

00042.    

Vanaja M, Maheswari M, Ratnakumar P, 

Ramakrishna YS (2006). Monitoring and 

controlling of CO2 concentrations in open top 

chambers for better understanding of plants 

response to elevated CO2 levels. Indian Journal 

of Radio and Space Physics 35: 193-197. 

Vanaja M, Reddy RP, Jyothi Lakshmi N, Maheswari 

M, Vagheera P, Ratnakumar P, Jyothi M, Yadav 

SK, Venkateswarlu B (2007). Effect of elevated 

atmospheric CO2 concentrations on growth and 

yield of blackgram (Vigna mungo L. Hepper)-a 

rainfed pulse crop. Plant soil environ 53(2): 81. 

Wand SJE, Midgley GF, Jones MH, Curtis PS 

(1999). Responses of wild C4 and C3 grass 

(Poaceae) species to elevated atmospheric CO2 

concentration: a meta-analytic test of current 

theories and perceptions. Glob Chang Biol 5: 

723-741. 

Yadav SK , Vanaja M, Reddy PR, Jyothilakshmi N, 

Maheswari  M, Sharma KL and Venkateswarlu 

B (2011). Effect of Elevated CO2 Levels on 

Some Growth Parameters and Seed Quality of 

Groundnut (Arachis hypogaea L.) Indian J Agric 

Biochem 24(2): 158-160.  

Young KJ, Long SP (2000). Crop ecosystem 

responses to climatic change: maize and 

sorghum. In: Reddy KR & Hodges HF (Eds.), 

Climate change and global crop productivity, 

CABI International, Oxon, United Kingdom, pp. 

107-131. 


