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Study on effect of elevated atmospheric temperature 

and carbon dioxide levels on chemical and minerals 

(Cu, Fe, Zn and Mn) composition of groundnut haulms 

 
Adire Chandrakanth, Ch Harikrishna, DBV Ramana, A Sarat Chandra 

and M Venkateswarlu 

 
Abstract 
A study was conducted to assess the impact of elevated carbon dioxide and temperature levels on the 

quality of groundnut haulms used as livestock feed. Groundnut crop was grown with recommended 

package of practices in Carbon dioxide and Temperature Gradient Chamber (CTGC) at four different 

environmental conditions, viz: Chamber with ambient temperature and carbon dioxide with 27 ± 0.5 ºC 

temp and 380 ± 25 ppm CO2 (T1; control), Chamber with elevated temperature of 5 ± 0.5 °C higher than 

control (T2; eTemp), Chamber with elevated CO2 concentration of 550 ± 50 ppm (T3; eCO2) and 

Chamber with elevated CO2 concentration of 550 ± 50 ppm with elevated temperature of 5 ± 0.5 °C, over 

control (T4; eCO2+eTemp). At harvest stage, representative groundnut plants from each chamber were 

collected and haulms were separated and screened for further laboratory analysis. Higher (P<0.01) dry 

matter, NDF, ADF, ADL per cent were found in haulms of groundnut crop grown under elevated 

temperature (T2) environmental conditions, while organic matter, crude protein (CP) and ether extract 

contents were found highest (P<0.01) at the ambient (T1; control) climatic conditions. Growing 

groundnut crop under eCO2+eTemp (T4) environmental conditions increased (P<0.01) ash, crude fibre, 

hemicellulose and NFE contents in haulms of the crop. Significantly (P<0.01) higher cellulose content 

was found in haulms of groundnut crop grown under T3 chamber, whereas a non-significant increase in 

ADL was observed under T2 chamber conditions. Haulms of the groundnut crop grown in different 

CTGC chambers differed significantly (P<0.01) in copper (Cu), iron (Fe) and zinc (Zn) content (mg/kg), 

while manganese (Mn) content was comparable. The study concludes that, elevated temperature could 

impact the nutritive value of haulms compared to the elevated carbon dioxide. The nutritive value in 

terms of CP would decrease under elevated temperature and elevated carbon dioxide conditions resulting 

in lowered quality. Under elevated temperature conditions the ADL and other fibre fractions are also 

increased leading to high lignification, making it less palatable. The study also revealed that, the minerals 

(Cu, Fe and Zn) concentration were relatively higher at eTemp and eCO2 conditions except manganese 

(Mn), which is comparable among treatments. 

 

Keywords: Carbon dioxide, chemical composition, environment, fibre fractions, groundnut haulms, 

minerals, temperature 

 

1. Introduction 

Climate change is one of the most critical threats facing the world today, with predicted 

increases in global mean temperature, length and severity of drought events, and atmospheric 

CO2 concentration due to human activities. Greenhouse gases are the primary cause of rising 

temperatures in the atmosphere. The CO2 level has risen at a pace of 1.9 ppm per year over the 

last twelve years and is expected to exceed 570 ppm by the middle of this century. As a result, 

the global surface temperature is expected to rise by 3-4.5˚C (IPCC, 2014) [11]. Many plants 

respond to elevated atmospheric carbon dioxide (eCO2) concentrations by increased growth, 

biomass and productivity, with C3 plants generally benefitting more than C4 plants (Santos et 

al., 2014) [20]. There is growing evidence suggesting that many crops, notably C3 crops, may 

respond positively to increased atmospheric CO2 in the absence of other stressful conditions 

(Long et al., 2004) [13]. The dry matter production of C3 and C4 plants is likely to be increased 

by 30% and 10% respectively because of doubling effects of CO2 (Newton, 1991) 
[16]. 

In C3 plants like groundnut, the carbon from CO2 is fixed into stable organic products in the 

mesophyll cells of leaves where, ribulose-1, 5-bisphosphate carboxylase/oxygenase (RuBisCo) 

enzyme is capable of catalysing two distinct reactions: one leading to the formation of two 

molecules of phosphoglycerate when CO2 is the substrate; the other resulting in one molecule  
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each of phosphoglycerate and phosphoglycolate (2C 

molecule) when oxygen (O2) is the substrate (Long et al., 

2004) [13]. In general, C3 plants are more responsive to 

elevated CO2, which leads to greater main shoot length, 

elongation of branches, individual leaf area per plant, and dry 

mass. It is understood that the accumulation of sugars and 

starch in the leaves of elevated CO2 grown plants reflects 

higher photosynthetic carbon assimilation (Cure and Acock, 

1986) [4]. 

There is limited information available on the influence of 

rising CO2 levels and temperatures on the quality of 

groundnut haulms. Hence, the present study was planned to 

determine the effects of elevated CO2 and the temperature on 

the nutritional quality (proximate, fibre fractions and minerals 

composition) of groundnut haulms. 

 

2. Materials and Methods 

The study was conducted at Animal Science Laboratory, 

ICAR-CRIDA, Santoshnagar and Hayathnagar Research 

Farm, ICAR-CRIDA, Hayathnagar, Hyderabad. The 

groundnut (K6 variety) crop was grown with recommended 

package of practices in carbon dioxide and temperature 

gradient chambers (CTGC) at four differently set 

environmental conditions, viz: Chamber with ambient 

temperature and carbon dioxide with 27 ± 0.5 ºC temp and 

380 ± 25 ppm CO2 (T1; control), Chamber with elevated 

temperature of 5 ± 0.5 °C higher than control (T2; eTemp), 

Chamber with elevated CO2 concentration of 550 ± 50 ppm 

(T3; eCO2) and Chamber with elevated CO2 concentration of 

550 ± 50 ppm with elevated temperature of 5 ± 0.5 °C, over 

control (T4; eCO2+eTemp). 

At harvest stage, a bunch of plants from 4 corners and also 

from centre (5 samples (G1, G2, G3, G4 and G5) with 2 

replicates each, totalling 10 samples) from each gradient 

chamber (T1, T2, T3 and T4) were collected and haulms were 

separated. Haulms were initially air dried and then oven dried 

at 60 ± 5 °C. Dried samples were ground to pass a 2 mm sieve 

in a Wiley mill. Further analysis of samples for organic matter 

(OM), crude protein (CP), ether extract (EE), fiber fractions 

and minerals were estimated in the animal nutrition laboratory 

at ICAR-CRIDA, Santoshnagar, Hyderabad. 

 

2.1 Proximate Composition  

The proximate analysis of groundnut haulms samples was 

performed as per the procedures described (AOAC, 1995) [3]. 

 

2.2 Fibre Fractions Analysis 

Fiber fractions in groundnut haulms samples were performed 

as per the method described by Van Soest et al. (1995) [24]. 

 

2.3 Minerals Concentration 

Minerals like Copper (Cu), Iron (Fe), Zinc (Zn) and 

Manganese (Mn) were estimated using di-acid digestion and 

Inductively Coupled Plasma-optical emission spectrometry 

(ICP-OES) method. 

 

2.4 Statistical Analysis 

Statistical analysis of the data was carried out using SPSS 

(Statistical Package for Social Sciences) Version 15. Least 

square analysis of variance was used to test the significance 

between various gradients according to the procedure 

described. 

 

3. Results and Discussion 

3.1 Proximate Composition 

The results of the present study pertaining to proximate 

composition are presented in Table 1. 

 

3.1.1 Dry Matter (DM) 

The dry matter per cent in haulms of groundnut crop grown in 

carbon dioxide and temperature gradient chambers (CTGC) 

differed significantly (p<0.01). Significantly (P<0.01) higher 

DM content was found (Table 1) in haulms of groundnut crop 

grown under elevated temperature (T2; eTemp) and elevated 

carbon dioxide and temperature (T4; eTemp+eCO2) 

treatments, which could be due to an increase in 

photosynthesis, carbohydrate fixation, respiration and 

transpiration in the plants (Rosenzweig et al., 1996) [19]. 

Increased photosynthesis and carbohydrate fixation results in 

increased plant biomass, growth rate and dry matter according 

to Xie et al. (2004) [25]. Increased respiration and transpiration 

would also increase total leaf area, which would increase 

water evaporation, decreases water content and so relatively 

increases plant DM content. The results of the present study 

are in agreement with those of Denium and Dirven (1974) [5], 

who reported higher DM accumulation in plants when 

temperatures were elevated. Similarly, He et al. (2015) [9] also 

reported higher (p<0.05) dry matter in wheat straw grown in 

elevated CO2 (eCO2), elevated temperature (eTemp) and a 

combination of eCO2+eTemp conditions. 

 
Table 1: Proximate composition (% DMB) in haulms of groundnut 

crop grown in CTGC under different environmental conditions 
 

Treatments 

Mean chemical composition of groundnut 

haulms# (on % DMB) 

DM ASH OM CF CP EE NFE 

T1 (control) 84.99ab 10.34a 89.66c 21.44a 7.67c 1.85d 58.69NS 

T2 (eTemp) 85.30b 11.45b 88.55b 23.12c 7.10a 1.45a 56.86NS 

T3 (eCO2) 84.55a 11.36b 88.64b 22.65b 7.37b 1.56b 56.70NS 

T4 

(eCO2+eTemp) 
85.10ab 12.21c 87.79a 23.79d 7.14a 1.69c 61.24NS 

Overall Mean 84.99 11.34 88.66 22.75 7.32 1.64 58.37 

N 40 40 40 40 40 40 40 

CV 0.782 1.223 0.156 0.790 1.892 1.195 5.556 

LSD 0.696 0.145 0.145 0.188 0.144 0.024 3.362 
abcMeans in rows with different superscripts differ significantly 

(p<0.01) 
#Each value is an average of duplicate analysis, N - Number of 

samples,  

CV - Coefficient of variation, LSD - Least significance difference 

 

3.1.2 Total Ash 

The data presented in Table 1, showing that the ash content in 

haulms of groundnut crop varied significantly (p<0.01) across 

CTGC chambers. Significantly (p<0.01) higher ash content 

was found in haulms of groundnut crop grown under T4 

(eTemp+eCO2) and T2 (eTemp) treatment chambers. This 

may be caused by a fixation of higher carbon to nitrogen ratio, 

more carbon through increased photosynthetic activity and 

increased mineral deposition, like calcium and magnesium 

(Meena et al., 2017) [14]. Katyaayani et al. (2022) [12] also 

observed similar results of ash content in the stem portion of 

maize fodder grown in the CTGC chamber under different 

environmental conditions. Similar results were also observed 

in the maize genotypes of DHM117, Harsha and Varun by 

Shankar et al. (2015) [22]. On contrary, He et al. (2015) [9] 
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reported, significant decrease in wheat straw's ash content at 

higher temperatures. The variations across studies might be 

due to the fact that the ash content varies depending on the 

plant species (C3 or C4).  

 

3.1.3 Organic Matter (OM) 

The percentage of organic matter in haulms of groundnut crop 

grown in CTGC chambers differed significantly (p<0.01). 

The perusal of Table 1, showing that, significantly (p<0.01) 

higher OM content in haulms of groundnut crop grown under 

T1 chamber under ambient climate conditions. Katyaayani et 

al. (2022) [12] also observed similar results in the stem portion 

of maize fodder grown in the CTGC chamber under different 

environmental conditions. On contrary, Abdalla et al. (2019) 

[1] reported, the whole forage, leaf, and stem of the grass 

(Brachiaria decumbens) was unaffected under higher levels 

of CO2. 

 

3.1.4 Crude fibre (CF) 

The data presented in Table 1, showing that the crude fibre 

content in haulms of groundnut crop varied significantly 

(P<0.01) across CTGC chambers. Significantly (p<0.01) 

higher crude fibre content was found in haulms of groundnut 

crop grown under T4 (eTemp+eCO2) and T2 (eTemp) 

treatments, which could be due to increased structural 

carbohydrates as well as increased lignification. Katyaayani et 

al. (2022) [12] observed similar results in the leaf portion of 

maize fodder grown in the CTGC chamber under different 

environmental conditions. This study contrasts the results of 

Hogy et al. (2013), who claimed that warming had no effect 

on the concentration and yield of a C3 crop (barley).  

 

3.1.5 Crude Protein (CP) 

The crude protein (%) in haulms of groundnut crop grown in 

different CTGC chambers differed significantly (P<0.01). 

Significantly (P<0.01) lesser crude protein content was found 

in haulms of groundnut crop grown under T2 and T4 climatic 

conditions (Table 1). Katyaayani et al. (2022) [12] observed 

similar results in the leaf portion of maize fodder grown in the 

CTGC chamber under different environmental conditions. 

The significant decrease in protein content under eTemp and 

eCO2+eTemp conditions has been attributed to a dilution 

effect caused by an increase in total non-structural 

carbohydrates, rather than an absolute decrease in protein 

content in stems and leaves (Dumont et al., 2014) [6]. The 

decrease in CP under elevated CO2 and eTemp treatments, 

both individually and in combination, is consistent with 

previous research (Fernando et al., 2012; Goufo et al., 2014; 

He et al., 2015 and Santosh et al., 2018) [7, 8, 9, 21]. 

 

3.1.6 Ether Extract (EE) 

The data presented in Table 1, showing that the ether extract 

content in haulms of groundnut crop varied significantly 

(p<0.01) across CTGC chambers. Significantly (p<0.01) 

lower EE content was found in haulms of groundnut crop 

grown under T2 (eTemp) chamber conditions. Katyaayani et 

al. (2022) [12] observed similar results in the leaf portion of 

maize fodder grown in the CTGC chamber under different 

environmental conditions. Little is known about the impact of 

high temperatures on the content and distribution of EE in 

plants. It could be due to an increase in photosynthesis, 

according to Tao et al. (2006) [23]. The findings of the present 

study are in contrary to the reports of He et al. (2015) [9], who 

found that the EE content of wheat straw was significantly 

higher under eTemp and eCO2+eTemp climatic conditions. 

 

3.1.7 Nitrogen Free Extract (NFE) 

The percentage of nitrogen free extract (Table 1) was 

relatively higher in haulms of groundnut crop grown under T4 

(eCO2+eTemp) chamber, however the differences were non-

significant. Lower NFE content was found in haulms of the 

groundnut crop grown under eCO2 treatment (T3). Katyaayani 

et al. (2022) [12] observed contrary results in the stem portion 

of maize fodder grown in the CTGC chamber under different 

environmental conditions, where higher NFE content was 

found in eCO2 and lower NFE content in eCO2+eTemp 

treatments. The percentage of nitrogen free extract depends 

on the percentage of ash, CP, CF, and EE contents, the greater 

these contents, the lower is the NFE. 

 

3.2 Fibre Fractions 

The results of the present study pertaining to fibre fraction 

analysis are presented in Table 2. 

 

3.2.1 Neutral Detergent Fibre (NDF) 
The data presented in Table 2, revealed that the neutral 

detergent fibre content in groundnut crop haulms varied 

significantly (p<0.01) across CTGC chambers. Significantly 

(p<0.01) higher NDF content was found in groundnut crop 

haulms grown under eTemp (T2) and eCO2+eTemp (T4) 

chamber conditions. It could be due to increase in structural 

carbohydrate as well as increased lignification and 

temperature enhances plant growth, decreases leaf-to-stem 

ratios and increases NDF, ADF and lignin content. 

Furthermore, early leaf maturation at high temperature, as 

well as interference with nutrient and water relations and 

assimilate partitioning, may also affect NDF content. The 

results of the present study corroborating the findings of 

Katyaayani et al. (2022) [12], who also observed higher NDF 

(P<0.05) content in leaf and stem portion of maize fodder 

grown under eTemp and eCO2+eTemp chamber conditions. 

Newman et al. (2005) [15] found similar results in rhizome 

peanut herbage grown under combination of two treatments 

(eCO2+eTemp) and He et al. (2015) [9] observed increased 

NDF in wheat straw grown under elevated temperature 

(eTemp), elevated carbon dioxide (eCO2) and a combination 

of two treatments (eCO2+eTemp).  

 
Table 2: Fibre fractions (% DMB) in groundnut crop haulms grown 

in CTGC under different environmental conditions 
 

Treatments 

Mean fibre fractions of groundnut haulms# (on 

% DMB) 

NDF ADF Hemi-cellulose Cellulose ADL 

T1 (control) 57.37a 34.79a 22.57a 20.36a 3.48a 

T2 (eTemp) 62.25d 37.30d 24.95c 23.65b 3.75b 

T3 (eCO2) 60.24b 36.66c 23.57b 24.72d 3.66b 

T4 

(eCO2+eTemp) 
61.81c 35.64b 26.17d 24.35c 3.66b 

Overall Mean 60.42 36.10 24.32 23.27 3.64 

N 40 40 40 40 40 

CV 0.283 0.533 1.048 0.648 4.741 

LSD 0.179 0.201 0.266 0.157 0.180 
abcMeans in rows with different superscripts differ significantly 

(P<0.01) 
#Each value is an average of duplicate analysis, N - Number of 

samples,  

CV - Coefficient of variation, LSD - Least significance difference 
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3.2.2 Acid Detergent Fibre (ADF) 

The acid detergent fibre content (Table 2) in haulms of 

groundnut crop varied significantly (p<0.01) across CTGC 

chambers. Significantly (p<0.01) higher ADF content was 

found in groundnut crop haulms grown under T2 (eTemp) and 

T3 (eCO2) chamber conditions, which could be due to an 

increase in structural carbohydrate as well as increased 

lignification. Temperature also enhances plant growth, 

decreases leaf-to-stem ratios and increases NDF, ADF and 

lignin content. Furthermore, early leaf maturation at high 

temperature, as well as interference with nutrient and water 

relations and assimilate partitioning, may affect ADF content. 

Similarly, Katyaayani et al. (2022) [12] observed higher ADF 

(P<0.05) content in leaf and stem portion of maize fodder 

grown under eTemp and eCO2+eTemp chamber conditions. 

Newman et al. (2005) [15] also found similar results in rhizome 

peanut herbage grown under combination of two treatments 

(eCO2+eTemp) and He et al. (2015) [9] also observed 

increased ADF in wheat straw grown under eTemp, eCO2 and 

a combination of two treatments (eCO2+eTemp). 

 

3.2.3 Hemicellulose 

The hemicellulose content of groundnut haulms varied 

significantly (P<0.01) between CTGC chambers (Table 2). 

Significantly (P<0.01) higher hemicellulose content was 

found in haulms of groundnut crop grown under 

eCO2+eTemp chamber conditions, which could be due to an 

increase in structural carbohydrate as well as increased 

lignification. Temperature also enhances plant growth, 

decreases leaf-to-stem ratios, and increases NDF, ADF and 

lignin content. Similar to the present study, Katyaayani et al. 

(2022) [12] also observed higher hemicellulose (p<0.05) 

content in leaf and stem portion of maize fodder grown under 

eCO2+eTemp climate conditions. 

 

3.2.4 Cellulose 

The data presented in Table 2, showing that the percentage of 

cellulose in haulms of groundnut crop grown in CTGC 

chambers differed significantly (P<0.01). Significantly 

(P<0.01) higher cellulose content was found in haulms of 

groundnut crop grown under T3 and T4 chamber conditions. In 

general, a rise in temperature increases concentration of 

structural carbohydrates. The results of the present study 

contradict the findings reported by Porteaus et al. (2009) [18], 

who reported that the cellulose content was unaffected under 

elevated CO2 conditions. 

 

3.2.5 Acid Detergent Lignin (ADL) 

The acid detergent lignin content (Table 2) in haulms of 

groundnut crop varied significantly (P<0.01) across CTGC 

chambers. Significantly (P<0.01) higher ADL content was 

found in haulms of groundnut crop grown under T2 and T4 

chamber conditions, which could be due to an increase in 

structural carbohydrate as well as increased lignification. 

Similarly, Katyaayani et al. (2022) [12] also observed higher 

ADL (P<0.05) content in leaf and stem portion of maize 

fodder grown under eTemp and eCO2+eTemp chamber 

conditions. Newman et al. (2005) [15] found similar results in 

rhizome peanut herbage grown under combination of two 

treatments (eCO2+eTemp) and He et al. (2015) [9] observed 

increased ADL in wheat straw grown under elevated 

temperature and carbon dioxide conditions. Temperature 

enhances plant growth, decreases leaf-to-stem ratios, and 

increases NDF, ADF and lignin content. Furthermore, early 

leaf maturation at high temperature as well as interference 

with nutrient and water relations and assimilate partitioning 

may affect ADL content. 

 

3.3 Minerals concentration 

The data pertaining to minerals composition are presented in 

Table 3. Statistical analysis revealed that, the minerals content 

(copper (Cu), iron (Fe) and zinc (Zn)) in haulms of groundnut 

crop varied significantly (P<0.01) between CTGC chambers, 

however manganese (Mn) content in haulms was comparable 

among different environmental chambers.  

 
Table 3: Minerals composition (mg/kg) in groundnut crop haulms 

grown in CTGC under different environmental conditions 
 

Treatments 

Mean minerals concentration of groundnut 

haulms# (mg/kg) 

Cu Fe Zn Mn 

T1 (control) 6.30ab 598.40a 19.00a 28.90NS 

T2 (eTemp) 7.90c 817.30c 31.20c 28.90 NS 

T3 (eCO2) 6.50b 736.40b 24.20b 30.40 NS 

T4 

(eCO2+eTemp) 
5.90a 697.30b 20.30a 28.80 NS 

Overall Mean 6.70 712.40 23.60 29.30 

N 40 40 40 40 

CV 7.643 7.847 7.232 6.521 

LSD 0.533 58.504 1.789 1.996 
abcMeans in rows with different superscripts differ significantly 

(P<0.01) 
#Each value is an average of duplicate analysis, N - Number of 

samples,  

CV - Coefficient of variation, LSD - Least significance difference 
 

The study shown that, most of the minerals concentration 

were relatively higher at eTemp and eCO2 conditions. The 

present findings are in contradiction with Abdalla et al. 

(2019) [1], who reported, elevated CO2 had no effect on 

minerals concentrations except calcium. Our results are also 

not in line with the reports of Overdieck (1993) [17], McGrath 

(2010) [2] and Fernando et al. (2012) [7], who reported a lower 

iron and zinc concentration under elevated CO2 conditions 

than ambient conditions.  

 

5. Conclusions 

The chemical composition of haulms of groundnut crop 

grown in CTGC chambers indicated that elevated temperature 

could impact the nutritive value of haulms compared to the 

elevated carbon dioxide. The nutritive value of haulms of 

groundnut crop in terms of CP would decrease under elevated 

temperature and elevated carbon dioxide conditions resulting 

in lowered quality. Under elevated temperature conditions the 

ADL and other fibre fractions percentage is also increased 

leading to high lignification, making it less palatable. The 

study also revealed that, the minerals (Cu, Fe and Zn) 

concentration were relatively higher at eTemp and eCO2 

conditions except manganese (Mn), which is comparable 

among treatments.  
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