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Effects of drought stress on photosynthetic and physiological indices of

Allium mongolicum

Zhang Dong', Xu Hua’, Liu Jianwen’, Zhang Fenglan', Zhang Xiaoyan', Cao Zhenyu', Gao Jiaqi', Li
Jiale', Yang Zhongren'

(1. College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010011, Inner Mongolia, China; 2. Inner
Mongolia Alxa League Meteorological Bureau, Alxa 750306, Inner Mongolia, China)

Abstract: In order to clarify the photosynthetic response mechanism and physiological adaptation strategy of A/lium mon-
golicum, a sandy vegetable, in response to drought stress and to provide a theoretical basis for the water-saving cultivation
of this species in arid and semi-arid areas, three- year-old seedlings of this species were used as test materials. Four
drought treatment gradients were set up by pot culture and water control method, with soil relative water contents of
78.00% (CK), 65.00% (LS), 45.00% (MS) and 25.00% (SS), respectively. The results showed that compared with CK,
the LS treatment significantly reduced root length by 19.78%, while plant height was slightly higher than that of CK. The
activities of Rubisco, PEPC, PPDK, and NAD-ME increased by 17.00%, 12.98%, 11.97%, and 87.12%, respectively. Sol-
uble sugar contents in leaves and roots increased by 24.17% and 78.30%, respectively. In contrast, the growth of 4. mon-
golicum was inhibited under MS and SS treatments. Specifically, under SS treatment, root length and plant height de-
creased by 29.36% and 21.19%, respectively, compared with CK; the ETR of the photosystem II reaction center was low-
er than that of CK, and the quantum yield of regulated energy dissipation at PS II (Y (NPQ) ) was 38.68% the highest,

These results indicate that A. mongolicum is not suitable for growth under MS and SS treatments. Under LS treatment,
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however, the plant maintains metabolic balance by increasing leaf PEPC activity and transports soluble sugars (fructose,

sucrose) to the roots, thereby enhancing the adaptability of the root system to drought stress. In summary, under LS treat-

ment, A. mongolicum exhibits active adaptability, making it suitable for promotion and application in water-saving produc-

tion systems.

Key words: Allium mongolicum; Drought stress; Photosynthesis; Physiological indicator
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Fig. 1 The external morphology of Allium mongolicum under different drought stress
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Table 1
morphological indicators and root-shoot ratio

Effects of different drought stresses on

of A. mongolicum

Ab ¥R R e et L
Treatment Root length/em  Plant height/cm  Root-shoot ratio
CK 12.74+2.71 a 17.13+0.71 a 1.05+0.32 b

LS 10.22+1.44 b 17.18+1.32 a 1.33+0.65 b
MS 9.27+0.44 b 14.40+1.59 b 1.94+0.86 a

SS 9.00+0.97 b 13.50+1.49 b 2.05+0.40 a

W A A A NS 57 B R AR BE ] 4R 0.05 7K-F 2 57 W% .
T A

Note: Different small letters in the same column indicate signifi-
cant difference among different treatments at 0.05 level. The same

below.
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Table 2 Effects of different drought stresses on chlorophyll fluorescence parameters of A. mongolicum

A3

Treatment F, F. F' Ey' PAR FJ/F,

CK 23.50+0.58 d 194.00+2.83 ¢ 26.50+3.42 ¢ 179.50+24.28 b 137.75+4.11 a 0.88+0.003 a
LS 70.25+2.63 a 374.00+1.63 a 61.75+£5.56 a 263.50+16.65 a 119.75£1.50 b 0.81+0.007 b
MS 39.25+0.96 b 312.0049.11 b 39.50+11.09 b 293.25+11.20 a 116.00+2.83 b 0.87+0.006 a
SS 32.00+2.58 ¢ 139.50+11.9d 35.50+5.45 be 111.75+3.86 ¢ 70.75+1.50 ¢ 0.77+0.021 ¢
'ﬁftment ETR qP NPQ YD Y(NO) Y(NPQ)

CK 49.38+7.62 a 0.999+0.000 4 a 0.13+0.12 be 0.85+0.02 a 0.132+0.0127b 0.017+0.009 b
LS 38.33+2.16 b 0.995+0.000 2 a 0.42+0.19 a 0.76+0.04 b 0.168+0.0152 b 0.070+0.034 a
MS 42.18+1.58 b 1.001+0.000 3 a 0.06+0.05 ¢ 0.87+0.03 a 0.126+0.033 2 b 0.008+0.007 b
SS 20.28+1.39 ¢ 1.000+0.000 6 a 0.25+0.12 b 0.68+0.04 ¢ 0.254+0.045 0 a 0.063+0.028 a
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Table 3 Effects of different drought stresses on activites of C, photosynthetic enzymes of

A. mongolicum leaves

(nmol-g"'-min™)

b3 Rubisco ¥ ¥ PPDK Vi {E PEPC &1t NADP-ME i
Treatment Rubisco activity PPDK activity PEPC activity NADP-ME activity
CK 29.17+1.67 be 254.424+5.46 a 333.66+10.76 b 497.97+29.61 a
LS 34.13+1.23 b 284.88+11.19 a 376.96+10.27 ab 421.73+£25.12 b
MS 43.70+2.05 a 202.81+12.30 b 401.82+22.85a 390.67+17.23 be
SS 23.74+1.83 ¢ 120.01+14.77 ¢ 371.44410.24 ab 361.02+12.55¢
bR NAD-ME itk NAD-MDH itk NADP-MDH i GO &1t
Treatment NAD-ME activity NAD-MDH activity NADP-MDH activity GO activity

CK 140.89+20.13 b 5.65+0.51 a 114.45+6.77 a 531.97+16.24 a
LS 263.64+32.60 a 4.47+0.30 ab 85.63+4.3 b 316.41+6.41 ¢
MS 189.00+8.07 ab 3.88+0.14 be 118.62+7.97 a 398.66+18.48 b
SS 21.20+6.12 ¢ 3.19+0.21 ¢ 73.48+8.83 b 432.02+12.78 b

94.02% 5 SS Kb EH Iy R 7 P A L R B A EE A R
+ CK, 70 5% CK 38T 212.89%,167.38%

B 5 e AL BEAR A SRR | R A T VA R
EHREET CK, Hd LS dFi CK 40 7 B 3%
BT 143.80% 115.16%F1 78.30% ; MS 4b FH 5L i
G, GRDRE, N 1418 mg-g', B CK &3

ojn

BN T 308.65% . 3 4b, BET 5 e bR, AR &R E
PR T Vi S B BT, B iRk
T Fre

3 e E4R

R RPN EE e G AR E AR el
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Table 4 Effects of different drought stresses on carbohydrate contents of A. mongolicum

(mg-g")

wCE R

Reducing sugar content

wCRE R

Soluble sugar content

AL A UES D) wRERE

Part Treatment Fructose content Sucrose content

- Leaf CK 0.674+0.033 a 0.702+0.048 ¢
LS 0.412+0.027 b 0.837+0.080 ¢
MS 0.404+0.072 b 1.362+0.196 b
SS 0.453+0.063 b 1.877+0.060 a

& Root CK 0.347+0.041 ¢ 1.082+0.220 d
LS 0.846+0.151 b 2.328+0.492 ¢
MS 1.418+0.205 a 4.888+0.356 b
SS 0.989+0.043 b 5.926+0.267 a

2.326+0.164 a
1.878+0.143 b
1.718+0.109 b
1.418+0.149 ¢
1.553+0.060 a
1.574+0.084 a
1.507+0.037 a
1.216+0.091 b

3.379+0.520 ¢
4.196+0.257 ¢
8.811+0.486 b
10.572+1.420 a
9.342+1.137d
16.656+1.750 ¢
24.703+3.102 b
42.356+4.101 a
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