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Interactive effect of elevated CO, concentration and drought on photosynthetic
and physiological indexes of foxtail millet

LIU Yajing, ZHANG Dongsheng, LI Ping, ZONG Yuzheng, HAO Xingyu"
(College of Agriculture, Shanxi Agricultural University, Taigu 030801, China)

Abstract: There is a lack of knowledge on the interactive effects of elevated atmospheric carbon dioxide (CO,) concentrations
([CO;]) and drought on the photosynthesis and physiological processes underlying foxtail millet drought resistance. An expe-
riment was conducted in an open-top chamber with two CO, treatments, ambient [CO,] (CK, 400 pm01~m0171) and elevated
[CO,] (ECO,, 600 pmol-mol™"), and two water treatments, normal water (relative water content was 75%—85% soil capacity)

and drought (relative water content was 35%—45% soil capacity). We quantified the interactive effects of elevated CO, and
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drought on the gas exchange parameters, fluorescence parameters, and drought-resistant physiological indicators in millet. The
results showed that elevated CO, could reduce the content of photosynthetic pigment under drought conditions. Elevated [CO,]
aggravated millet stomatal closure at the booting stage, alleviated the negative effects of drought on the net photosynthetic rate
at the filling stage, and increased the water utilization efficiency. During the booting stage, elevated [CO,] resulted in a 66.7%
reduction in stomatal conductance under normal water conditions and a 77.7% reduction under drought conditions. During the
grouting period, under normal water conditions, elevated [CO,] led to a 19.0% increase in the grain net photosynthetic rate and
a 37.1% increase in water use efficiency; under drought conditions, it led to an 87.7% increase in the grain net photosynthetic
rate and a 39.2% increase in water use efficiency, respectively compared with that of ambient [CO,]. Drought significantly
reduced all of the millet fluorescence kinetic parameters, except non-photochemical quenching (NPQ), and elevated [CO,]
alleviated this effect in the grouting period. At the booting stage, ECO, and drought showed significant interactive effects on
the intrinsic efficiency of photosystem II (PSII) (F,/Fy"), PSII photochemistry (@PSII), and the highest photosynthetic
electron transport (ETR) and photochemical quenching coefficient (qP). Elevated [CO,] significantly reduced the content of
cellulose and activity of peroxidase (POD) under normal water conditions. POD activity (under ECO,), and contents of proline,
soluble total sugar, starch content (under CK), and the cellulose content (under ECO,) were significantly increased under
drought conditions. We conclude that elevated [CO,] can enhance the drought resistance of C, foxtail millet by improving the
photochemical efficiency of photosystem II and the activity of antioxidant enzymes.

Keywords: Drought; Elevated CO, concentration; PSII efficiency; Stress resistance
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Fig. 1 Effects of elevated CO, concentration and drought on photosynthetic pigments contents of foxtail mille at booting stage

CK: CO, (400 umol‘molfl); ECO;: CO,

(600 pmol-mol ")

P<5%
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at P<5% level.

2.2 CO, s
CO, (Pr)
( 2A) ,
P,, ECO, P, 5
, ECO,
P,, P,, ECO,
P, s , ECO,
P, 19.0%, P, 87.7%
CO,
(g5) (E), g E
gs E; ECO,
gs 66.7%, 77.7%.,
ECO, ,
ECO, g5 E,
g K
g E( 2B 20)
CO,
(WUE) , ECO,
WUE,
; s ECO,
WUE 37.1%, ECO, WUE
39.2%, s CO,

WUE(  2D)
2.3 PSII ,
CO,
, ECO,
II (Ppst)
(ETR) (gP),
( 1) ECO,
1 (FJIFy),
1I
(Fv/F) (NPQ)
NPQ
ECO, F)/Fy'
@psy ETR  gP
CK, ECO,
F)/F,' ®psi ETR qP
13.9% 69.6% 68.7% 64.1%
) NPQ
CK FJ/Fn FJIFy" Dpsy
ETR ¢P 6.8% 29.3% 56.5% 57.6%

39.3%, NPQ
Fv’/Fm, (DPS 11
42.1% 42.4%

26.7%; ECO,
ETR g¢P
26.1%, NPQ

(D

http://www.ecoagri.ac.cn

21.4%

33.7%(P<0.05)
., CO, 11



504 ( ) 2021 29
<250 2 014
e Peo=0.58 A BCK T P,=0.00 a B
S 200 P,=0.00 a BECO, < 012 P,e=0.00
£ Vr . b
" g Peoy w077 4 E 010 Peo, - vae=0.06
w2 b g
s * 8 008
ﬁgﬂ_’ = E c &
% g b . r é 0.06 be
- £ 004
z = d
2 b = 002
= g
D Il 1 1 § 0 ! ! ! !
Z 2]
S D
~ Peo=0.05 Z 4. Peo=0.07 a
e Pre=0.00 5 Pe=0.69
= Peo, vue0.32 £ 121 Peo, o074 P
3 <10k
s C
¢ £ a 5 S
a3 b Es 8 &
I&T’ = b Z E 6k
‘r\% = ﬁ: = a a a
5] BN
= b = % 4+ b
g s
g 2 2r
fE | ¥ ¥ bt 1 1 1 ]
- & - g 0 & &
.= T = = =3 —_ = — -
% | XE | @ 5 | RE | x9 | XE| &9
=2 = 2 s = 5 B2 = 5 2
a Bz a = }'H Z A P:i Z T 5
Booting stage Grain-filling stage Booting stage Grain-filling stage
2 KRS COREASETFENBEFEAZHZSHNZMN
Fig. 2 Effects of elevated CO, concentration and drought on gas exchange parameters of foxtail millet
CK: CO, (400 pmol-mol™"); ECO,: CO, (600 pmol-mol™") P<5%

CK: ambient CO; concentration (400 p.molvmol’]); ECO;: elevated CO; concentration (600 umol-mol’l). Different lowercase letters indicate

significant differences among treatments at the same growth stage at P<5% level.

£1 XS CO,REABMNTENATHEETKSKOEM
Table 1 Effects of elevated CO, concentration and drought on chloroplast fluorescence parameters of foxtail millet
Growth period Treatment Fy/Fa Fy/Fa’ Pest ETR a7 NPQ
CK 0.75+0.01a 0.36+0.02a 0.234£0.02a  137.71+9.64a 0.64+0.03a 2.2740.15b
Booting stage Normal water ECO, 0.75£0.00ab  0.31£0.02b  0.13£0.01b  76.71+8.83b  0.41£0.04b  2.42+0.14b
CK 0.72+0.01b 0.27+£0.01¢c 0.08+0.01c¢ 47.16£3.52¢ 0.30£0.02¢ 2.71+0.24ab
Drought ECO, 0.74£0.01ab  0.31£0.01b  0.07+0.0lc  43.08+3.94c 0.23+0.02¢ 2.96+0.09a
P CO, 0.63 0.92 0.00 0.00 0.00 0.22
P value Water 0.05 0.00 0.00 0.00 0.00 0.00
CO,xWater 0.23 0.00 0.00 0.00 0.00 0.75
CK 0.73+0.01a 0.41+0.01a 0.23+0.01a  135.10+8.47a 0.56+0.03a 1.6540.11¢
Grain-filling ~ Normal water ECO; 0.76+0.01a 0.42+0.01a 0.19+0.02a  114.98+11.54a  0.46+0.04b 1.63+0.09b
stage CK 0.68£0.02b  0.29+0.03b  0.10£0.01b  57.22+4.42b  0.34£0.02c  2.09+0.18ab
Drought ECO, 0.71£0.01ab  0.33+0.01b 0.11£0.01b  66.25+3.00b  0.34+0.02c 2.18+0.25a
P CO, 0.05 0.13 0.47 0.47 0.07 0.84
P value Water 0.00 0.00 0.00 0.00 0.00 0.00
CO,xWater 0.83 0.47 0.07 0.07 0.07 0.72
CK: CO, (400 pmol-mol™"); ECO,: CO, (600 pmol-mol™") P<5%

CK: ambient CO; concentration (400 p.molvmol’]); ECO;: elevated CO; concentration (600 umol-mol’l). Different lowercase letters indicate

significant differences among treatments at the same growth stage at P<5% level.
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Fig. 3  Effects of elevated CO, concentration and drought on POD activity and contents of proline, soluble sugar, starch and
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