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Effects of elevated carbon dioxide and temperature on chlorophyll, leaf
area and yield of rice cultivar RD43
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ABSTRACT: The rise of carbon dioxide and temperature leads global climate change and causes adverse effects on
the environment. The purpose of this study is to investigate the response of rice RD43 to carbon dioxide and
temperature increases, along with the combined effects of the elevated carbon dioxide and temperature.
The research was conducted in 4 treatments: elevated carbon dioxide (EC:600), the combined elevated carbon
dioxide and temperature (ECT:600+3C), elevated temperature (ET:4+3C) and a control group (C:400) to evaluate
chlorophyll, leaf area, biomass and yield. It was found that EC:600 caused more chlorophyll and leaf area than all

* Corresponding author: rutairat.p@nsru.ac.th
Received: date; October 27, 2023 Revised: date; February 9, 2024
Accepted: date; April 18, 2024 Published: date;




KHON KAEN AGRICULTURE JOURNAL 52 (3): 550-561 (2024)./d0i:10.14456/kaj.2024.xx. 551

three experimental sets with statistical significance, while ET caused both chlorophyll and leaf area decreased
significantly when compared with C:400. Total biomass was the highest in the EC:600 experiment set, followed by
ECT:600+3C, C:400 and ET:+3C by 86.87, 79.15, 72.12 and 53.98 ¢, respectively. In terms of productivity, rice RD43
has 43.33 tillers and 114.56 grains per panicle in EC:600 experiment group, which is more than those other
experiment series, while ET:+3C treatment caused the tiller number and number of grains per panicle to decrease
statistically significantly. The atmospheric levels of carbon dioxide are expected to increase in future and the
effective nitrogen management and other growth conditions will assist in reducing the effects of heat stress together
with plant stress such as drought and air pollution.
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NILUIUNITAUATIZYILAS (Kumari et. al., 2013) uanatndduiuyseaniamnisiauvesarsiueyyadase Jaiuan

HANTENUIMNANTILATEAINAUNAHLA (Phothi et al,, 2016)

Table 1 Effect of elevated carbon dioxide and temperature on Leaf chlorophyll (SPAD unit) of rice RD43 under
elevated carbon dioxide (EC:600), the combined elevated carbon dioxide and temperature

(ECT:600+30Q), elevated temperature (ET:+3C) and a control group (C:400) for 10 weeks

Duration of EC:600 ECT:600+3C ET:+3C C:400 C.V. (%)
exposure
1 40.14+0.35a 41.28+0.77a 40.27+0.62a 39.36+0.68a 4.66
2 38.90+0.39a 38.46+0.45a 30.91+1.00b 38.63+0.19a 4.82
3 42.02+0.48a 37.26+0.49b 37.76+1.16b 38.87+0.59b 5.67
4 43.49+0.50a 39.52+0.24bc 38.93+0.60c 40.46+0.19b 3.09
5 41.41+0.63a 39.38+085a 36.93+0.98b 40.18+0.67a 6.05
6 46.08+0.57a 44.33+0.47b 42.37+0.48¢ 44.13+0.27b 3.11
7 45.16+0.39a 43.80+0.57ab 39.86+0.51c¢ 43.19+0.62b 3.70
8 45.10+0.64a 44.18+0.65a 41.32+0.41b 43.91+0.38a 3.69
9 45.39+0.67a 44.84+0.62a 39.96+0.29¢ 41.52+0.40b 3.61
10 45.69+0.56a 41.87+0.31b 39.98+0.39c¢ 42.76+0.33b 2.88

The data represent the mean+ SE (n = 9 leaf chlorophyll). Different letters indicate significant differences among

treatments at p < 0.05.

nadufnsasvaulaeenluduazgamgiiifvenuiiluvasdni nuas
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(C:400) wuimamIveans EC600 dwmademaiisdiuvssiiuiluiniasiiruuandsmngansvnaesd uet edideddnmeada
(p < 0.05) FauddUawa 5 vesmsmaasslaefiiuily 22.86 A5.w Iummxﬁﬂ;mmiwmam ECT:600+3C, ET-+3C uay C:400 fiitwudi
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EC:600 Tneiituitlu 21.72 nsas. sesaanldiun G400, ECT:600+3C waw ET-+3C anudniu Tnefiin 2003, 19.57 uay 1633 nsau,
(Table 2) wamsAnuUsmduldhnmaiuesasuadlpeenladdsatenafisduvesiuiluisdafvndomnuFnueaelsiiad
WAZNITUIUNITAUATILYLAY doandodiu Mollier et al. (2023) Anwnavesnis ueulasenled ware sy i lunquatuny,
msueulaeenlus 550 ppm + Maifisvesamgdl 4 sswalaaNUIsEMA Lazmsusulasenlyd 750 ppm + Maiisve
gl 6 ssmnieaidsannusssima wud1 msuanlasenled 550 ppm + maifisvesgamnd 4 eswaidea shlFRuiTludn
dannnia demnaniueulaeenlemdutladeddalunssuiunsdanseiua deademsiasuiuln wasavaunadinm (Prior
et al, 2005) lvaifimaiiaumesgamgfidmalifivegluanmueion fudnsdanludieannisaedviliaamsiudaig
anduanlnoanled Usyavsamlunsdunsziiuaanas (Guchou et al, 2007: Xu and Zhou, 2006) ANHANSYNUR OMTESH LT
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Table 2 Effect of elevated carbon dioxide and temperature on Leaf area (cm?) of rice RD43 under elevated

carbon dioxide (EC:600), the combined elevated carbon dioxide and temperature (ECT:600+3C),

elevated temperature (ET:+3C) and a control group (C:400) for 10 weeks

Duration of EC:600 ECT:600+3C ET:+3C C:400 C.V. (%)
exposure
1 20.56+1.00a 22.03+0.61a 22.61+0.76a 21.07+0.85a 11.36
2 21.71+0.72a 17.68+0.83b 14.55+0.80c 19.84+0.80ab 12.82
3 18.18+0.54a 16.39+0.71ab 15.88+0.88b 17.09+0.47ab 11.94
a4 21.67+0.63a 20.22+1.11a 11.90+0.60c 17.74+0.56b 12.71
5 22.86+0.75a 17.44+0.73b 12.17+0.53c 17.92+0.76b 11.92
6 23.45+1.00a 18.30+0.41c 13.72+0.58d 21.40+0.61b 10.67
7 23.18+0.91a 16.66+0.74c 16.35+0.64c 20.52+0.97b 12.95
8 22.81+£0.90a 17.09+0.78b 15.47+1.11b 20.79+0.36a 13.13
9 21.83+0.76a 19.17+0.38b 17.29+0.91b 18.33+0.92b 12.11
10 21.72+0.54a 19.57+0.73b 16.33+0.59¢ 20.03+0.26b 8.56

The data represent the meanxz SE (n = 9 leaf area). Different letters indicate significant differences among treatments

at p < 0.05.
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Figure 1 Shoot biomass (A), Root biomass (B) and Total biomass (C). Rice samples were allocated in 4 treatments;
elevated carbon dioxide (EC:600), the combined elevated carbon dioxide and temperature (ECT:600+3C), elevated
temperature (ET:+3C) and a control group (C:400). The data represent the mean+SE (n = 6 total biomass). Different

letters indicate significant differences among treatments at p < 0.05.
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Figure 2 Number of panicles per hill (n=6) (A), Total grain per panicle (n =6) (B), %Untill grain (n =6) (C) and 100-

100 - grain weight (g)

grain weight (n =3) (D). Rice samples were allocated in 4 treatments; elevated carbon dioxide (EC:600), the
combined elevated carbon dioxide and temperature (ECT:600+3C), elevated temperature (ET:+3C) and a control
group (C:400). The data represent the mean+SE. Different letters indicate significant differences among treatments

at p < 0.05.
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