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Abstract 
Climate change is one of the most debatable reasons for changing plant performance. Meanwhile, a higher amount of carbon dioxide 

(CO2) directly or indirectly affects the growth and development of corn and soybean oil plants; CO2 concentration changes also affect 

the dry weight characteristics of the plant. In this experiment, three effective levels of CO2 concentration have been evaluated on corn 

and soybean plants. Increasing the effectiveness of CO2 concentration from 400 PPM to 800 PPM depicted a significant increase in the 

plant's physiological traits, a 54% and 8.5% increase in Soybean biomass and Corn biomass, respectively. Furthermore, based on leaf 

area, the results reveal a 4% and 5% increase in Soybean and Corn, respectively. In contrast, increasing the CO2 concentration to 1000 

PPM resulted in a decrease in plant performance and physiological traits, both directly and indirectly. With increasing CO2 concentration, 

a direct increase in physiological traits is observed. 
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1Introduction 1 

Climate is one of the most important reasons for annual 

changes in the yield and production of agricultural plants. In 

high-performance environments and modern technology, the 

source and pattern of solar radiation, temperature, and rainfall 

are the main determinants of plant growth through several 

direct and indirect mechanisms. Other factors, such as wind 

speed and the occurrence of storms, also have a significant 

effect on the growth of plants [1,2]. One of the effects of 

climate change is the increase in the concentration of 

greenhouse gases [3]. Changes in the concentration of the main 

gases that absorb atmospheric radiation by humans have 

created radiation pressure on the climate system. These gases 

are primarily released into the air from domestic activities and, 

to a lesser extent, from agricultural activities and land use 

change [4,5].  

Higher amounts of carbon dioxide (CO2) directly affect the 

physiology of water relations, growth, and development of 

plants. Because the temperature will increase, and as a result, 

the supply and consumption of water for the plant will change. 

Such climate changes can lead to changes in the type and 

composition of vegetation and the amount of production in 

natural and agricultural systems. Drought is the most important 

environmental factor limiting the growth and production of 

plants worldwide. One of the environmental aspects that has 

attracted the attention of many researchers, as mentioned, is the 
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issue of climate change due to the increase in the rate of CO2 

[6,7]. Significant increases in yield were a general worldwide 

phenomenon for oily plants, occurring in many crops and 

countries. Soybean has crucial role as vegetable oil, protein for 

animal and human consumption, and industrial uses. Corn also 

is a pivotal worldwide crop utilized as animal feed and 

consumer products [8]. 

Different ambient stresses can affect the physiological and 

morphological traits of plants. Rowshanaie et al. [9] revealed 

that ambient stresses have an opposite linear relationship with 

these traits. Among ambient stresses, CO2 dramatically 

influences plants' growth and development. To investigate the 

change of CO2 increase in the physiological factors of plants, 

especially oil plants, Miri and Rastegar [10] showed the effect 

of CO2 increase from 350 PPM to 700 PPM on soybean. The 

results showed an increase in chlorophyll index by 6.6% and 

7.8%. Also, the effect of increasing carbon dioxide on root dry 

weight, leaf dry weight, and shoot dry weight showed a 

significant increase. In another research, Miri [11] investigated 

the effect of increasing CO2 on corn as an oil seed plant and 

evaluated physiological traits such as total dry weight, shoot 

dry weight, leaf dry weight, root dry weight, and leaf surface. 

The results revealed that increasing the amount of carbon 

dioxide from 400 PPM to 800 PPM showed a direct increase in 

the physiological traits of corn under the conditions of salinity 

stress and sufficient water. Also, in another research, Ikhlas 
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Pour et al. [12] investigated the physiological traits of sesame 

plants under the influence of increasing CO2 concentration, and 

their results revealed that with the increase in carbon dioxide 

concentration from 380 PPM to 700 PPM, the physiological 

traits of sesame increased significantly under salinity stress 

conditions. Also, Mir Seyyed Hosseini et al. [13], by examining 

the physiological characteristics of wheat plants due to CO2 

increase, the aerial part of the plant showed an acceptable 

increase in growth.  

This research focuses on two oil plants (Soybean and Corn) 

based on the effects of increasing CO2 concentration through a 

process designed to produce carbon dioxide on the 

physiological traits, consisting of dry weights, chlorophyll 

index (Chl Index), leaf area, and specific leaf area of these two 

plants was investigated, since mentioned traits have an integral 

role on propagation and adaptation of these plants indigenous 

ambient stresses.  

 

2 Methodology 
2.1 CO2 Enrichment Design 

CO2 is the main effective parameter for photosynthesis, but 

the ambient CO2 concentration is insufficient to yield C3 crops. 

Hence, the methods for CO2 enrichment have an impact on crop 

photosynthesis and biomass improvement [14]. The design of 

a CO2 enrichment process is shown in Figure 1. As illustrated 

in Figure 1, first, CO2 in delivery state condition (ambient 

temperature and 45-65 bar) and liquid phase (vapor fraction=0) 

is increasing the pressure by a pump, then enters into the heat 

exchanger to change the phase of CO2 into a gas (vapor 

fraction=1) and adjust the temperature to a suitable temperature 

that is not harmful to crops (below 37ºC). Finally, using a CO2 

sensor (with ±30 PPM accuracy) enrichment for monitoring the 

CO2 production and a splitter, the evaporated CO2 was divided 

into three concentrations: 400 PPM, 800 PPM, and 1000 PPM. 

 

2.2 The Experiment Conducted on Corn and Soybean Plant 

This experiment was conducted to investigate the 

increasing effect of three levels of CO2 concentration, 400 

PPM, 800 PPM, and 1000 PPM, on the growth rate and 

physiological traits of two oil plants, corn and soybean, under 

greenhouse conditions. The characteristics of the studied soil 

are also shown in Table 1. 

In this experiment, according to Table 1, plants were 

cultivated in 15 kg pots with soil texture (top soil, washed sand, 

and vermiculite). under greenhouse conditions including 27 ºC, 

65-75% humidity, and 800 PAR light intensity with 1.5 month 

duration of CO2 treatment that released from CO2 enrichment 

process into greenhouse air. The seeds of corn and soybean 

crops were grown in pots with the appropriate density for the 

plant. During the growth period, in addition to proper watering 

of the plants based on FC measured for each plant, three CO2 

concentration factors of 400 PPM, 800 PPM, and 1000 PPM 

were investigated for each of the corn and soybean plants 

separately in the performance of physiological traits such as 

total dry weight, leaf dry weight, shoot dry weight, root dry 

weight, leaf area, leaf specific area, and chlorophyll. This 

experiment was done in factorial form in a completely 

randomized design with 20 treatments and 4 replications. The 

fertilizers used included ammonium phosphate in the amount 

of 0.3 gr in the pot before planting and 0.45 gr in the form of 

urea in two stages. Due to its ability to fix nitrogen, urea 

fertilizer of one-third of corn has been used for soybean plants. 

 

 

 
 

Figure 1. Designing CO2 Enrichment Process 

 

Table 1. Soil chemical and physical analysis 

Sand Silt Clay Cu Fe Na K PH EC Sample 

% PPM meg/L  dS/m  

65.3 18.5 16.2 - 1.33 8.5 - 7.6 2.5 Clay Soil 

96.2 1.1 2.7 - 0.77 1.8 - 7.4 0.86 Sandy 
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3 Results and Discussion 
3.. Root Dry Weight 

In soybean, the root dry weight was significantly changed. 

The effect of increasing CO2 concentration on the dry weight 

of soybean and corn roots can be seen in Table 2. At a 

concentration of 400 PPM, the root dry weight of soybeans is 

3.77. And at the concentration of 800 PPM, the root dry weight 

of soybean enhanced and reached 4.68, and at 1000 PPM, the 

root dry weight of soybean declined and reached 4.00 (Table 

2). As an important reason, it can be said that the reaction of 

the roots to the increase of CO2 depends on the soil moisture. 

In corn, the root dry weight has changed significantly, and at a 

concentration of 400 PPM, the root dry weight of corn is 29.40, 

and at a concentration of 800 PPM, the root dry weight of 

soybean has increased and reached 31.20, and at 1000 PPM, it 

was associated with a significant decrease and reached 30.60, 

because of reducing of photosynthesis rate (Table 2). 

 

Table 2 The effect of CO2 concentration on root dry weight of 

Soybean and Corn 

Root Dry Weight (DWR) (gr) Plant 

1000 PPM 800 PPM 400 PPM 

4.00 4.68 3.77 Soybean 

30.60 31.20 29.40 Corn 

 

3.2 Shoot Dry Weight 

With the increase of CO2 concentration from 400PPM to 

800PPM, the shoot dry weight of soybean improved from 5.41 

to 8.21, and a significant decline was observed in the shoot dry 

weight of soybean at 1000 PPM. At 400 PPM, the shoot dry 

weight of soybean was 46.00, and at 800 PPM, the shoot dry 

weight of corn increased and reached 52.00, and at 1000 PPM, 

it decreased and reached 49.00. The similar results revealed for 

Wheat and Sesame shoot dry weight [12,13]. Furthermore, with 

the increase in CO2 concentration, significant changes were 

also observed between the shoot and the root. 

 

Table 3. The effect of CO2 concentration on shoot dry weight 

of Soybean and Corn 

Shoot Dry Weight (DWS) (gr) Plant 

1000 PPM 800 PPM 400 PPM 

7.63 8.21 5.41 Soybean 

49.00 52.00 46.00 Corn 

 

3.3 Leaf Dry Weight 

The effects of increasing CO2 concentration on the leaf dry 

weight of corn and soybean can be checked in Table 4. In 

soybean culture, with enhancing CO2 concentration, total dry 

weight improved. At 400 PPM, the leaf dry weight of soybean 

was 6.36, and with the rise in CO2 concentration to 800PPM, 

the leaf dry weight of soybean reached 11.02, and at 1000 PPM, 

the leaf dry weight of this plant decreased to 10.41. In the 

meantime, the vegetative growth that occurs in C3 plant species 

is caused by the initial increase in carbon dioxide 

concentration. Regarding corn, with the increase in 

concentration from 400 PPM to 800 PPM, the leaf dry weight 

of corn increased from 60.40 to 64.20, and at 1000 PPM, the 

leaf dry weight of corn decreased to 63.60. An increase in CO2 

under stress conditions causes a significant increase in corn 

weight, and leaf weight is more sensitive to changes in CO2 and 

stress than stem weight and plant weight. In severe ambient 

stresses, the stomatal conductance drops, and consequently, the 

leaf dry weight decreases. 

 

Table 4. The effect of CO2 concentration on leaf dry weight of 

Soybean and Corn 

Leaf Dry Weight (DWL) (gr) Plant 

1000 PPM 800 PPM 400 PPM 

10.41 11.02 6.36 Soybean 

63.60 64.20 60.40 Corn 

 

3.4 Biomass 

The biomass of soybeans at the concentration of 400 PPM 

is equal to 15.54, and at the concentration of 800 PPM and 1000 

PPM, it is 23.91 and 22.04, respectively. The biomass of corn 

enhanced from 400 PPM to 800 PPM, increased from 135.80 

to 147.40, and reduced at 1000PPM (Table 5). Enhancing the 

amount of carbon dioxide concentration in both corn and 

soybean as oily plants cause the stomata to open and more 

exchange of photosynthetic gases, as a result of which the rate 

of photosynthesis increases and it shows a significant increase 

in the conversion of organic matter to minerals necessary for 

plant growth at 800 PPM CO2 concentration. With the increase 

in CO2 concentration, there are noticeable changes in the stress 

of two oil plants, corn and soybean. 

  

Table 5. The effect of CO2 concentration on biomass of 

Soybean and Corn 

Biomass (gr) Plant 

1000 PPM 800 PPM 400 PPM 

22.04 23.91 15.54 Soybean 

143.20 147.40 135.80 Corn 

 

3.5 Leaf Area (LA) 

According to Table 6, the increase in CO2 concentration 

had a significant effect on the Leaf area (LA) of soybean and 

corn. At a concentration of 400 PPM, the leaf area of soybean 

is 201, while at 800 PPM, the leaf area of soybean increases 

and reaches 209. At 1000 PPM, the leaf area of the soybean is 

reduced compared to 800 PPM and reaches 205. Between the 

concentration of 400PPM and 1000PPM, it is increasing. The 

leaf area of corn is 2115, 2220, and 2202, respectively, at the 

increasing rate of carbon dioxide concentration from 400 PPM 

to 800 PPM and finally at 1000 PPM. The leaf area of the corn 

is increased at 800 PPM and at 1000 PPM, the leaf area of the 

corn is increased at 800 PPM compared to 400 PPM. 

 

of  leaf areaconcentration on  2The effect of CO .6Table 

Soybean and Corn 

)2(cm (LA) Leaf Area Plant 

1000 PPM 800 PPM 400 PPM 

205 209 201 Soybean 

2202 2220 2115 Corn 

 

3.6 Specific Leaf Area (SLA) 

As shown in Table 7, at a concentration of 400 PPM, the 

specific leaf area (SLA) of soybean leaves is 31.60, and with a 

significant decrease at 800 PPM, it reaches 18.96. From 400 

PPM to 1000 PPM, it decreases; from 800 PPM to 1000 PPM, 

the specific level of soybean leaves increases and increases 

from 18.96 to 19.69. In the SLA of the corn, the concentration 

of CO2 is 400 PPM, the value is 35.02, and it decreased to 34.58 

at 800 PPM and increased from 800 PPM to 1000 PPM; that is, 

it increased from 34.58 to 34.62. 

 

3.7 Chlorophyll Index (Chl Index) 

The chlorophyll index (Chl Index) is largely influenced by 

CO2 concentration. The chlorophyll index increases with 

increasing CO2 concentration in soybeans (Table 8). With the 
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increase of CO2 concentration from 400 PPM to 800 PPM in 

soybeans, the chlorophyll index also increased and changed 

from 34.2 to 35.9, and CO2 concentration decreased from 800 

PPM to 1000 PPM in soybeans.  

 

Table 7. The effect of CO2 concentration on specific leaf area 

of Soybean and Corn 

Specific Leaf Area (SLA) Plant 

1000 PPM 800 PPM 400 PPM 

19.69 18.96 31.60 Soybean 

34.62 34.58 35.02 Corn 

 

In corn, with the increase of CO2 concentration, the 

chlorophyll index is the same, and it has a significant increase 

from 400 PPM to 800 PPM, and at 1000 PPM, the chlorophyll 

index is decreasing. C3 plants respond to increased or reduced 

CO2 concentration due to biochemical and ultra-structural 

limitations or changes in the canopy level. Also, the increase of 

CO2 level up to 800 PPM causes chlorophyll synthesis, which 

directly affects the rate of photosynthesis and increases the dry 

weight of plant organs. 

 

entration on Chlorophyll conc 2The effect of CO .Table 8

Index of Soybean and Corn 

Chlorophyll Index (Chl Index) Plant 

1000 PPM 800 PPM 400 PPM 

35.3 35.9 34.2 Soybean 

47.5 49.8 46.0 Corn 

 

4 Conclusion 
The present research showed that increasing CO2 from 400 

PPM to 800 PPM significantly increased the physiological 

traits of corn and soybean plants. Still, the plant's yield 

decreased with the increased carbon dioxide concentration to 

1000 PPM. This initial increase in the amount of carbon dioxide 

concentration, directly and indirectly, affects the amount of 

photosynthesis and the dry weight of plant organs. Current 

findings can contribute to farmers who plant these oily crops in 

industrial regions to monitor the yield and physiological traits 

of these crops. As a recommendation for future research, 

focusing on the effect of different CO2 concentrations on 

medicinal plants will be addressed as well. 
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