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Abstract  

Changes in atmospheric [CO2], temperature and precipitation under projected climate change scenarios may 

have significant impacts on the physiology and yield of cotton. Understanding the implications of integrated 

environmental impacts on cotton is critical for developing cotton systems that are resilient to stress induced 

by climate change. The objective of this study was to quantify the physiological and growth capacity of two 

cotton genotypes to current and future climate regimes. This experiment compared the early-season growth 

and physiology response of an older (DP16) and modern (Sicot 71BRF) cotton cultivar grown in ambient 

and elevated atmospheric [CO2] (CA: 400 µL L-1, and CE: 640 µL L-1) and two temperature (TA: 28/17oC and 

TE: 32/21oC, day/night) treatments under well-watered conditions. CE increased biomass and photosynthetic 

rates compared with plants grown at CA, and cotton grown at TE increased biomass compared with TA. The 

modern genotype Sicot 71BRF had higher photosynthetic rates, and less biomass and leaf area, than the older 

genotype DP16. In future high CO2 and warmer environments, larger cotton plants may have greater 

requirements for water. Thus modern genotypes with smaller, more compact growth habits, and higher 

photosynthetic rates, may gain more carbon but require less water than older cultivars, thereby conferring an 

advantage for growers. However, more research relating to both breeding and management of cotton in 

projected climatic scenarios is required to fully understand the implications of warmer temperatures and 

elevated atmospheric [CO2] on growth and water use of cotton in Australian production systems.  
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Introduction 

Current projections for climate change indicate that Australia can expect more heatwaves, and changes in 

rainfall distribution, including an increase in the intensity of droughts (CSIRO and Bureau of Meteorology 

2016). The global atmospheric [CO2] has increased from pre-industrial values of about 280 to over 400 µL  

L-1 today (CSIRO and Bureau of Meteorology 2016), and will continue to rise in the future. Changes in 

temperature, atmospheric [CO2], and precipitation present a challenge to crop production, and may have 

significant impacts on the growth of cotton (Gossypium hirsutum L.). Therefore, understanding the 

implications of varied environmental conditions for agricultural crops is crucial for developing cropping 

systems that are resilient to stresses induced by climate change.  

 

Studies have investigated the effect of [CO2] and temperature on growth and physiology of a range of cotton 

cultivars (Reddy et al., 1998; Reddy et al., 1995a; Reddy et al., 1995b; Yoon et al., 2009), but older and 

modern cultivars have not been specifically compared, especially those used in Australian production 

systems. Given that there have been significant changes in Australian cotton cultivars, management and yield 

in current environments, it is important to assess potential beneficial traits in older and current cultivars in 

projected CO2 and temperature conditions to maximise cotton production in future environments.  

 

The objective of this research was to compare the interactive effects of elevated atmospheric [CO2] and 

warmer temperatures on the growth and physiology responses of an older and modern cotton genotype.  

 

Methods 

Plant materials and growing conditions 

Two cultivars of cotton (an older cultivar released in Australia during the 1970s: Deltapine 16 (DP16); and a 

modern cultivar commercially released in 2008: Sicot 71BRF [Bollgard II® Roundup Ready Flex®]) were 
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grown in a naturally-lit, [CO2] and temperature controlled glasshouse at the Hawkesbury Institute for the 

Environment at Western Sydney University, Richmond, NSW. Seeds were sown on the 9th November 2010 

into 8 L pots. Two glasshouse bays were set to simulate average temperature (TA: 28/17oC, day/night) and 

two bays were set at a daily temperature cycle that was 4oC higher than the ambient temperature regime 

(32/21oC, day/night). For each temperature treatment, there were two CO2 treatments (CA: 400 µL L-1 and 

CE: 640 µL L-1). Detailed set-up for the glasshouse operation is described in Ghannoum et al. (2010). 

 

Leaf gas exchange and plant growth measurements 

Leaf gas exchange was measured on recently expanded leaves using a portable open gas exchange system 

(LI-6400XT, LI-COR). Measurements (photosynthesis: Asat, stomatal conductance: gs-sat, and transpiration: 

E) were made at saturating light (1800 µmol m-2 s-1) and cuvette temperature set to mid-day growth 

temperature (28 or 32oC) and [CO2] (400 or 640 µL L-1). Samples were taken at 23 DAP, 26 DAP, 35 DAP 

and 38 DAP. Night-time dark respiration was measured at 34 DAP. Measurements were made 2 h after 

sunset at night-time temperatures (17 or 21oC) and growth [CO2]. Vapour pressure deficit of the leaf (VPDL) 

in the leaf cuvette was maintained within the range 0.7 – 1.2 kPa using the Licor 6400 desiccant scrub 

function. 

 

A total of 48 plants were harvested on the 17th December 2010 (38 DAP) following the last measurement of 

gas exchange. Harvested plants were partitioned into vegetative organs (root, leaf, and stem). Leaf area of 

each plant was measured using a leaf area meter (LI-3100A, LI-COR). Harvested samples were oven-dried at 

80oC for a minimum of 48 h and weighed to determine biomass production. Soluble sugar content and starch 

content of leaves were determined using the phenol-sulphuric acid technique (Tissue and Wright 1995). 

Total non-structural carbohydrate (TNC) content was calculated as the sum of soluble sugar and starch. Data 

were analysed by analysis of variance (ANOVA) or residual maximum likelihood (REML) using Genstat 

version 14. Means of treatments were compared using least significant difference at a 5% level of 

probability.  

 

Results 

Plant growth response to elevated [CO2] and warmer temperatures 

There were differences in growth between the two genotypes. 71BRF had 26% less total biomass and was 

8% shorter than DP16. Averaged across the two temperatures and genotypes, plants grown at CE had 22% 

greater biomass than cotton grown at CA. CE also increased leaf area and plant height, but only at TA. In the 

CETA treatment, across both genotypes, total leaf area was 48% greater and plants were 46% taller compared 

with cotton grown at CATA.  

 

Physiological response to elevated [CO2] and warmer temperatures  

In each treatment, 71BRF cotton had consistently higher Asat than DP16 cotton. Asat of both genotypes 

responded positively to CE, with a significant CO2 by genotype interaction. CE increased Asat of DP16 plants 

by 28% and increased Asat of 71BRF by 42%, compared with the CA treatment.  The gs-sat of the two 

genotypes responded differently to the TE treatment. Compared with the TA treatment, TE increased gs-sat of 

71BRF cotton by 23%, but there was no response in gs-sat to TE for DP16 cotton. However, across all 

treatments, cotton grown at TE had 44% higher E than plants grown at TA. Across both genotypes, CE 

increased Asat/E, with greater increases at TA compared with TE. CE increased Asat/E of plants grown at TA by 

41% and by 31% for plants grown at TE. However, increased temperature decreased Asat/E. Compared with 

plants grown at TA, TE reduced Asat/E by 22% in the CA treatment and by 32% in the CE treatment.  

 

At CA, the night respiration rate of 71BRF cotton was 23% higher than DP16 cotton. However, the DP16 

plants grown at CE had 27% higher night respiration rates than DP16 plants grown at CA, but this trend was 

not observed in the 71BRF genotype. Compared with plants grown in the TA treatment, TE increased night 

respiration of cotton by 22% at CA, and by 84% at CE. 

 

CO2, temperature and genotype treatments did not have any significant effects on soluble sugars, starch 

content, or the concentrations of total non-structural carbohydrates in cotton. 
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Table 1. Three-way ANOVA for CO2, temperature and genotype effects on growth and physiological 

parameters, and leaf carbohydrate concentration of cotton. Leaf gas exchange measurements were made 23, 26, 

36 and 38 DAP, with the exception of night respiration measurements which were made 34 DAP. Biomass 

production was measured at 38 DAP. F-values in bold represent significant effects at P<0.05 level of significance. 

Measurements were made on 6 plants in each treatment. 

  CO2 Temp Genotype 

CO2 x 

Temp 

CO2 x 

Genotype 

Temp x 

Genotype 

CO2 x 

Temp x 

Genotype 

Plant characteristics        

Total biomass (g plant-1) 0.002 0.001 0.001 0.414 0.281 0.259 0.535 

Leaf area (cm2 plant-1) 0.022 0.001 0.001 0.022 0.568 0.837 0.258 

Height (cm plant-1) 0.018 0.001 0.001 0.010 0.108 0.641 0.825 

        

Leaf gas exchange        

Asat 0.001 0.084 0.001 0.864 0.009 0.618 0.513 

gs-sat 0.448 0.258 0.001 0.831 0.611 0.009 0.432 

E 0.810 0.001 0.001 0.271 0.920 0.309 0.696 

Asat/E 0.001 0.001 0.817 0.004 0.137 0.579 0.748 

Night respiration 0.200 0.001 0.406 0.001 0.009 0.668 0.277 

        

Carbohydrates (leaves)        

Soluble sugars (mg/g) 0.407 0.297 0.862 0.783 0.690 0.645 0.362 

Starch (mg/g) 0.122 0.606 0.818 0.619 0.368 0.799 0.892 

TNC (mg/g) 0.329 0.963 0.900 0.758 0.553 0.710 0.828 

 

Discussion 

Impact of CE and TE on cotton physiology and growth 

CE increased photosynthesis in both cultivars, and increased leaf area at TA, which resulted in greater 

metabolite availability for growth. Increased total photosynthate supply is reflected in total dry mass after 

accounting for changes in respiration. CE increased plant biomass and growth of both cultivars, which is 

consistent with findings from other studies (Ainsworth and Long 2005; Kimball and Mauney 1993; Mauney 

et al. 1994; Reddy et al. 1997), although the magnitude of increased biomass was lower than reported by 

Mauney et al. (1994) and Reddy et al. (1997). This may reflect differences in cultivars, temperatures, [CO2], 

or the length of the experimental period. For instance, plants in our experiment were harvested after 38 days, 

whereas plants in Mauney et al. (1994) were harvested after approximately 152 days. Therefore, with 

projected higher CO2 environments, early vegetative growth of cotton is likely to be greater than in current 

environments. 

 

TE increased early vegetative plant biomass and E in both cotton cultivars. Improvements in Asat/E with CE 

were primarily due to higher photosynthetic rates because gs-sat was not significantly reduced by CE. 

Similarly, Duursma et al. (2013) reported an increase in Asat/E of cotton grown at CE. Warmer temperatures 

reduced Asat/E due to greater water use through increased transpiration. 

 

There were no significant effects of atmospheric [CO2], temperature or genotype treatments on soluble 

sugars, starch or TNC of cotton leaves. These results vary from a study by Reddy et al. (1998) that found that 

increasing [CO2] led to increased starch and sucrose content of cotton, despite a decline in carbohydrate 

levels with increasing temperature (up to a temperature of 36/28oC). It is likely that carbohydrates in our 

plants were rapidly translocated out of leaves to support greater biomass production, possibly due to the 

shorter experimental period of our study. 

 

Differences in growth and physiology between the two cultivars 

DP16 had consistently greater biomass than 71BRF. Greater biomass in DP16 can be attributed to greater 

allocation to leaf area, despite higher leaf-level photosynthesis of 71BRF plants. Similarly, responsiveness of 

wheat cultivars to increasing [CO2] was associated with morphological attributes, where greater yield 

sensitivity to CE in older cultivars could be attributed to increased tiller, ear number and panicle formation. 
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The compact growth habit and higher leaf-level photosynthetic rates of 71BRF are advantageous in current 

Australian production systems due to reduced surface area for transpiration. 

 

Conclusion 

CE increased biomass and photosynthetic rates compared with plants grown at CA, and cotton grown at TE 

increased biomass compared with TA. The modern genotype Sicot 71BRF had higher leaf photosynthetic 

rates and less biomass and leaf area than the older genotype DP16. Potentially, in terms of cultivar 

development, more compact growth habits may be needed to offset the concerns relating to larger plants and 

increased water use, and thus lower water use efficiency. More research relating to both breeding and 

cultivar management of cotton in projected climate scenarios is needed to adequately understand the 

implications of warmer temperatures and elevated atmospheric [CO2] on growth and water use of cotton in 

Australian production systems.  
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