
Advances in Environmental Biology, 9(26) Special 2015, Pages: 24-28 

 

AENSI Journals 

 
Advances in Environmental Biology 

 
ISSN-1995-0756      EISSN-1998-1066 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 
 

Corresponding Author: K. Smakgahn, Faculty of Liberal Arts and Science, Kasetsart University Kamphaeng Saen 
Campus, Kamphaeng Saen district, Nakhon Pathom province, 73140, THAILAND. 

                                        Phone: 66-818501655;  E-mail: faaskms@ku.ac.th, smakgahn@yahoo.com  

Effect of rising temperature and atmospheric CO2 concentrations on Suphanburi 1 

rice variety  
  
1Kruamas Smakgahn, 1Vilai Saothongnoi and  2Phongsan Srijan  
 
1Faculty of Liberal Arts and Science, Kasetsart University Kamphaeng Saen Campus, Kamphaeng Saen district, Nakhon Pathom province, 
73140, THAILAND 
2Faculty of Agriculture at Kamphaeng Saen, Kasetsart University Kamphaeng Saen Campus, Kamphaeng Saen district, Nakhon Pathom 
province, 73140, THAILAND 
 
A R T I C L E  I N F O   A B S T R A C T  
Article history: 
Received 3 October 2015 
Accepted 10  October 2015 
Published Online  13 November 2015 
 
Keywords: 
rice growth, rice yield, rising 
temperature, CO2 concentration 
 

 Effect of rising temperature and atmospheric CO2 concentration on Thai rice growth 
and yield was conducted in pot experiment. The experiment design by split plot in CRD 
with three planting conditions include 1) planting under ambient temperature (control), 
2) planting under rising temperature (~2๐C over the ambient); HT, and 3) planting under 
rising temperature (~2๐C over the ambient) combined with rising carbon dioxide (~2 
double over the  ambient); HTC. Thai rice cultivar namely Suphanburi 1 rice variety 
was planted in pot experiment by using Kamphaeng Saen soil series (Typic 
Haplustalfs). Pots of rice plants were remaining under ambient air temperature 
throughout the growing season for normally cultivation. Rice plants of HT and HTC 
were stored inside the greenhouse from panicle initiation stage to harvesting. Rice plant 
growth and yield were observed throughout growing season. The results of observation 
shows that  aboveground biomass and rice ear per pot of HTC treatment increased more 
than twice as compared to the control. But HT treatment destroys both above and below 
ground biomass of rice plant. Filled grain weights of HT and HTC treatments were ~50 
and ~80% lower than control. Rice yield of HTC, HT treatments and control were 
significantly different (p≤ 0.05). The result concluded that rising temperature and CO2 
concentration lead to lower growth and grain yield.  
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INTRODUCTION 

 
Rice is the staple food crop for consume in Thailand and for export.  Rice cultivation area in Thailand likely 

constant but the farmer normally cultivated 2 or 3 crops per year. However, rice growth and yield depends up on 
cropping conditions and managements such as soil fertility, irrigated system, rainfall etc. In addition, rice has 
been damaged by natural disasters such as changing in climate condition, flooded, drought, rising temperature 
and elevated CO2 in atmosphere. Therefore, unsuitable cropping condition much be concerned in order to 
maintain rice cultivation area, rice growth, and yield. Number of research reported effects of high temperature 
and increasing of CO2 concentration on rice production [1,2,3]. High temperature effects on rice growth and rice 
yield by decreased rice panicle number [3] high unfilled grain [4] and lead to low rice yield [2,5]. This paper 
focused on effect of rising temperature and elevated CO2 on rice growth and rice yield by investigates pot 
experiment in green house for one growing season. 

 
Methodology: 
i. Green house for rice cultivation equipped with CO2 concentration and temperature controller: 

Controlled temperature green house was used in this experiment. The green house was square in shape of 
base and its roof was semicircle in shape. It was 2 m. x 2.5 m. x 2.5 m. (W x L x H), open front, its frame 
construct of steel and cover by plastic sheet 0.5 mm. thick. Air conditioner was installed inside the green house. 
Temperature inside green house was controlled approximately 2ºC over ambient temperature by automatically 
circuitry and CO2 concentration was manually control at 700 ppm in day time. Temperature inside green house 
was continuously record by data logger throughout the growing season.  
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ii. Pot experiment: 

The pot experiment was conduct at Kasetsart University Kamphaeng Saen Campus Nakhon Pathom 
province in central of Thailand. The photoperiod insensitive rice cultivar Suphanburi 1 variety was used. Rice 
plant was transplanting on November 3, 2010 in pot with six replicates of three treatments included 1) planting 
under ambient temperature (control), 2) planting under rising temperature (~2๐C over the ambient); HT, and 3) 
planting under rising temperature (~2๐C over the ambient) combined with rising carbon dioxide (~2 double over 
the  ambient); HTC. The pots were flooded on 7 days after planting and the water level in each pot was 
controlled at 5-10 cm throughout the growing period. The final drainage was applied for all treatments at 15 
days before harvesting. No chemical fertilizer was used in this experiment but the pesticide was used once for 
worn eradication during vegetation period. The soil was Kamphaeng Saen (Ks) soil series and the soil was 
classified as Typic Haplustalfs. Soil texture was classified as clay with a percentage composition of sand: silt: 
clay of 22: 24: 54.  Table 1 descripts soil properties of Kamphaeng Saen soil series before growing season. The 
pots of rice plants were store under ambient temperature since transplanting throughout growing season for 
ambient temperature condition or control treatment. While, rice plant planting under HT and HTC conditions 
were remaining under ambient air temperature since transplanting to initial panicle growth stage then rice pots 
were stored inside green house during the initial panicle growth stage to harvesting. 

 
RESULTS AND DISCUSSIONS 

 
i. Soil properties after harvested: 

Soil properties of Kamphaeng Saen soil after harvested shown in Table 1. Higher organic matter, organic 
carbon, potassium, and phosphorus remained in soil was observed from soil under HT treatment than that 
control and HTC treatment. However, soil organic carbon and soil organic matter from all treatments were not 
much different.  Phosphorus and potassium under HT treatment was ~7 and 11% higher than normal condition, 
respectively. But Phosphorus and potassium in the HTC treatment was lowest compared to all treatment, which 
was 32 and 61%, respectively lower than control. Soil pH after harvested period was increasing compared to soil 
pH before growing period (7.06) in all treatments. However, comparisons of soil pH between all treatments 
were not different.  

Nutrients in the soil after planting, including soil pH, organic matter, organic carbon, potassium, 
phosphorus, Total N and Total C under cultivation were significantly different (p ≤ 0.01) among three 
treatments. There was no difference between soil pH of HT conditions and control. However, unlike the 
situation with the HTC minimal soil pH due to climate conditions, HTC is the concentration of CO2 increases, 
CO2 combines with water so the soil becomes carbonic acid, resulting in soil pH down [6]. 

The amount of organic matter and organic carbon in HT treatment were 24.2 and 30.1%, respectively. 
When air and soil temperatures rise, thus accelerating the decomposition of organic matter by the appropriate 
condition for activity of the microorganisms living in the range of about 25-35 degrees Celsius [7], and the 
optimum temperature for the decomposition of rice straw in the range of 37-39 degrees Celsius [6], resulting 
high organic matter the soil potassium and phosphorus in HT treatment soil, HT treatment has the highest 
Potassium and Phosphorus contents, which were 172.07 mg kg-1 and 59.43 mg kg-1, respectively. As amount of 
phosphorus in soil in form of organic phosphate group depending on the amount of organic matter, this is high 
in the HT treatment. Therefore the HT treatment soil contained the highest organic phosphate due to phosphate 
ions can be absorbed by plant in two forms; P2PO-

4 and HPO2
-4 and store in plant tissue, remain as the organic 

matter. The organic matter remains and containing phosphate when the reduction process cannot process in soil 
[7]. 

Average Total N and Total C were different significantly (p ≤ 0.01) by the HTC treatment was the highest 
of 0.19 and 2.44%, respectively. Which was different from the control 47.36% and 43.44%, respectively. 
Normally, the carbon remain in form of organic compounds and inorganic, by CO2 in the atmosphere involved 
into the ecosystem and soil through the photosynthesis and accumulates in stems, leaves and roots of plants. 
Plant roots influence the movement of carbon from the atmosphere into the soil [8] resulting in total C content 
was highest in HTC treatment.  

 
 

 
 
 
 
 
Table 1: Soil properties of Kamphaeng Saen (Ks) soil series before growing period and after harvested 

Soil properties Before After  harvested 
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growing 
period Control 

High temperature 
(HT) 

CO2+ 
High temperature 
(HTC) 

F-Test CV. (%) 

pH 7.06 7.54a 7.56a 7.15b ** 0.42 
Potassium (mg kg-1) 61.70 153.86b 172.07a 59.84c ** 4.75 
Phosphorus(mg kg-1) 97.71 55.12a 59.43a 37.24b ** 11.56 
Total Carbon (%) 1.53 1.38b 1.43b 2.44a ** 5.99 
Total Nitrogen (%) 0.06 0.10b 0.09b 0.19a ** 17.85 
C/N ratio 17.30 12.83b 14.22a 12.75b ** 4.65 
Organic Carbon (%) 1.04 1.19b 1.30a 0.78c ** 9.59 
Organic Matter (%) 1.80 2.05b 2.24a 1.35c ** 22.31 
Bulk density (g cm-3) 1.31 0.98b 1.01a 1.39a * 15.87 

Values in a column followed by a common letter are not significantly different at the 5% level by DMRT.*: significant different **: 
significantly different  

 
ii. Rice growth and rice yield: 

Average plant heights throughout the growing period from three conditions were significantly different (P ≤ 
0.01). The highest plant height was observed in the control treatment (109.13 cm.), then HT treatment (108.87 
cm), and HTC treatment (103.33 cm.), respectively.  Average yield of rice clumps were significantly different (P 
≤ 0.01) among three treatments. The highest average number of clump per pot from HTC treatment was 52, 
followed by the control (24 clumps per pot) and 20 clumps per pot from HT treatment. Average numbers of 
grain per pot from different growing conditions were significantly different (P ≤ 0.05). Number of grain per pot 
of the rice growth in HTC treatment was greater than control and HT treatment. This is equal to 45, 20 and 19 
grains per pot, respectively. In addition, aboveground biomass of HTC treatment increased twice as compared to 
the control. But HT treatment destroys above and below ground biomass of rice plant (Table 2). 

Rice grain weight per ear, filled grain per ear, and filled grain weight of rice planting under HT and HTC 
conditions were lower compared to normal condition. In addition, unfilled grain of rice growth under HT and 
HTC conditions were significantly higher than normal condition (p≤0.05). This result consists with the result of 
[9] which was reported that rice grain yield cultivated under high temperature (at 38 ºC) was decreased 
compared to rice cultivation at 35ºC and 32ºC. Rice yield was decreased up to 9.5% when temperature increase 
4ºC and rice yield decline up to 10% for every 1ºC of increasing temperature [9].   

In case of HT treatment, we stored pots of rice plant in the green house at panicle initial growth stage. Filled 
grain yield per ear from HT treatment was 43% lower than that rice planting in control. High temperature 
damage grain yields because high temperature may effects rice growth at panicle initial and flowering [10]. Rice 
growth rate, flowering potential, and filled grain activity of rice plant are destroyed by high temperature [11]. 

 
Table 2: Rice plant growth 

Treatments Plant height  
(cm.) 

Clump  
per pot 

Rice ear 
 per pot 

Belowground 
biomass (Root) 
dry weight (g.) 
 

Aboveground 
biomass  
(Stem)  
dry weight  
(g.) 

Control 109.13a 24.00b 20.00b 121.46a 77.14b 
HT 108.87a 20.00b 19.00b 28.90b 65.52b 
HTC 103.33b 52.00a 45.00a 110.42a 149.01a 
F-Test ** ** ** ** ** 
CV. (%) 3.99 18.42 18.42 23.74 36.27 

Values in a column followed by a common letter are not significantly different at the 5% level by DMRT. ns: not significantly different 
 
Table 3: Rice yield 

Treatments Filled grain per ear 
(seed) 

Unfilled grain per ear 
(seed) 

Filled grain weight per 
ear (gram) 

Filled grain weight per 
1,000 seeds (gram) 

Control 77.04a 18.35c 2.10a 25.74a 
HT 44.28b 46.75b 1.05b 23.90b 
HTC 15.49c 65.38c 0.37c 22.62c 
F-Test ** ** ** ** 
CV. (%) 14.94 21.50 16.21 4.02 

Values in a column followed by a common letter are not significantly different at the 5% level by DMRT. **: significantly different, ns: not 
significantly different 

  
The study found that the average weight of seed varies significantly different (P ≤ 0.05) among three 

treatments, by rice grown in HTC treatment higher than control (Table 3). Average seed weight very least 0.37 
gram per ear from HTC treatment and average seed weight is 1.05 grams per ear from HT treatment and 2.10 
grams per ear from control. Rising temperature and CO2 concentration resulted in decrease in grain weight [3]. 
Seed weight of 1,000 grains in each treatment was significantly different (P ≤ 0.05) by rice cultivated in HTC, 
HT treatment, and control were 22.62 grams, 23.90, and 25.74 grams, respectively. 
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Number of unfilled seeds were significantly different (p ≤ 0.01) among three treatments by the HTC has the 
highest unfilled seeds (65.38. grains per panicle) followed by the HT and control. The number of unfilled seeds 
in HTC has increased 71.93% compared to the control, and 60.74% compared to HT treatment. This due to the 
concentration of CO2 increases in HTC treatment resulted in obstructs the pollen grain sterility to seeds [10]. 
Therefore, higher amount of unfilled seeds were observed in HTC treatment than that HT treatment and control. 

Numbers of filled seed from three treatments were significantly different (p ≤ 0.01). The lowest number of 
filled grain per ear (15.49 grain per ear) and weight of filled seeds (0.37 gram per ear) was observed from HTC 
treatment. The second low number of filled seed was observed from the HT treatment and control, which was 
equals 15, and 44 seeds per ear, respectively. Number of filled seed, seed weight, and seed per ear of HT 
treatment decreased by 65.01%, 64.76% respectively compared to control. The highest number of filled seed, 
and seed weight per panicle was observed from control, which was equal to 77.04 grains per panicle and a 
weight equal to 2.10 gram per ear. This due to the temperatures rise, the pollen grain sterility could not grow a 
seed [1] and in environments with high concentrations of CO2 and higher temperatures will result in increased 
pollen sterility in rice. The pollen grain has a fast response to the concentration of CO2 and higher temperatures 
[13,12]. 

Seed weights in 1,000 grains from three treatments were different significantly (p ≤ 0.01). The HTC 
treatment has lowest seed weight of 1,000 seeds, which was 22.62 grams, the HT treatment was second low 
equal to 23.90 grams and the weight of 1,000 seeds from control was highest as 25.74 grams. Filled seed weight 
observed from the HTC treatment was decreased compared to the control, and the  HT treatment because high 
concentrations of CO2 and rising temperatures affect rice flower and pollen grain growth was not completely 
sterile seeds that can not grow into fill seed [1]. 

 
Summary: 

Pot experiment in green house to simulate of rising temperature and CO2 concentration on rice growth and 
yield in this study concluded that rising temperature and CO2 decrease rice growth and  grain yield. Rice yield 
under high CO2 combined with rising temperature condition; rising temperature condition and normally ambient 
temperature were significantly different (p≤ 0.05). In order consider stability of rice production for consumption 
and exports, more field observation under various cropping condition in various cropping location with various 
rice varieties are needed. 
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