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Effects of Different Concentrations of Quercetin on Seed Germination and
Seedling Growth of Apocynum venetum L. under Salt Stress
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Abstract: This study investigated the growth regulation mechanism of quercetin on seed germination and seed-
ling growth of Apocynum venetum 1.. under salt stress, and determined its optimal application concentration.
This study utilized A. venetum as the experimental material, and established eight treatments: HCKN: 200

5 B #1:2026-01-29; 1€ [E] B #8: 2026-03-15
EETE 88 A6 X AT 5T H (2023B02045) 3 1l
PEZ B BTSN (2001-), Lo, DU, Wb AR 8 A, A0 F 55 A=, 32 2 DA g Bl bR 49 95 18 5 18 F A 5%, E-mail : xueqingzhao2025@163.com;;

38 {5 1 # Author for correspondence , E-mail : bingzhao@nwsuaf.edu.cn;jiangli@ms.xjb.ac.cn



3016 A U A it

o5 34 %

mmol-L ! NaCl salt stress; Q,+N-Q;+N: 200 mmol-L~" NaCl +50, 100, 150, 200, 250, 300 ymol-L™"
quercetin). The study systematically measured seed germination traits (germination rate, germination vigor,
germination index) , seedling growth indicators (plant height, root growth parameters, biomass, leaf growth
parameters) , photosynthetic physiological traits (photosynthetic pigment content, chlorophyll fluorescence
parameters) , and stress resistance physiological indicators (antioxidant enzyme activity, malondialdehyde con-
tent, proline content). The alleviation effects were comprehensively evaluated using the membership function
method. The results indicated that salt stress had a minor effect on the germination rate of A. wvenetum seeds
but significantly reduced germination vigor and germination index. It severely inhibited the growth of A. wvene-
tum seedlings and impaired photosynthetic system function, characterized by significantly decreasing photosyn-
thetic pigment content and PSII photochemical efficiency, along with increasing accumulation of malondialde-
hyde, a lipid peroxidation product. The salt stress-alleviating effect of quercetin exhibited a pronounced concen-
tration-dependent response: LLow quercetin concentrations (Q,+ N, Q,+ N) provided limited alleviation, while
high concentrations (Q;+N, Qs+ N) failed to effectively improve growth and even inhibited A. venetum seed-
ling development. Compared to other quercetin concentration treatments, the 150 pmol-L ~! quercetin (Q,+
N treatment showed the best salt stress alleviation effect. Compared to the salt-stressed control (HCKN), it
increased seed germination potential and germination index by 2. 1% and 3.5%, respectively. Seedling height
increased by 97.2%, total chlorophyll content and carotenoid content increased by 17. 1% and34. 9% respec-
tively, proline content increased by 20.6% , and malondialdehyde content decreased by 22.8% (P<C0.05).
Concurrently, it significantly improved root morphology and chlorophyll fluorescence parameters, bringing seed-
ling growth and physiological characteristics closer to the normal control level. Quercetin enhances salt toler-
ance in A. wvenetum seedlings by synergistically promoting photosynthetic pigment synthesis, strengthening anti-
oxidant system function, regulating osmotic balance, and optimizing root structure, thereby effectively mitigat-
ing salt stress damage. This study identifies the optimal concentration and key physiological mechanisms by
which quercetin regulates A. wenetum’s salt tolerance, providing crucial technical guidance for large-scale culti-
vation and ecological restoration of A. wvenetum in saline-alkali soils.
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Fig.1 Effects of different concentrations of quercetin on the germination of A. wvenetum seeds under salt stress
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Fig.3 Effects of different concentrations of quercetin on the germination of A. wvenetum seeds under salt stress
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Table 1 Effects of different concentrations of quercetin on the

leaf growth parameters of A. venetum seedlings under salt stress

i I “‘5 & fn FH

e R AL Jri 1B 1 R
Number of Leaf width/ Leaflength/ Leafarea/

Treatments B

leaves//~ mm mm mm
HCK 14.5041.05* 7.4740.16* 36.0941.94" 2.7040.13"
HCKN  10.6740.52%4.014£0.26" 15.97+1.61" 0.644-0.05°
Q,+N  12.33+1.03 5.204+0.18" 21.36+1.12° 1.11+0.08"
Q,+N  13.3340.52" 5.6840.09° 24.6441.42" 1.4040.08"
Q,+N  14.674+0.82 6.854-0.21" 39.3541.87" 2.700.19"
Q,+N  11.6740.52° 5.4440.12 28.1941.37° 1.53+0.09"
Q.+N  10.6740.521 4.3040.08° 24.51+0.94" 1.05+0.05
Qs N 9.6740.82° 3.9640.53" 17.58+1.20" 0.70+0.14°
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Fig.4 Effects of different concentrations of quercetin on root

growth of A. wvenetum seedlings under salt stress
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Table 2  Effects of different concentrations of quercetin on root growth parameters of A. wvenetum seedlings under salt stress

MR Treatments MR Root length/mm

HR 2 i 1 Root surface area/cm”®

KA Root volume /em®  #243%k Number of root tips//>

HCK 130.0340.80" 18.50741.43°
HCKN 65.6742.00° 9.9340.57¢
Q+N 75.4743.76 11.76£1.119
Q,+N 83.5241.03° 12.66£2.07°
Q,;+N 90.1040.32" 15.0341.54"
Q,+N 65.21+0.89° 11.3941.23
Q,+N 61.09+45.24° 10.374£0.16%
Qs +N 55.0841.80' 9.834+0.79"

0.5740.03" 258.304+2.58"
0.2040.01¢ 116.55+1.97°
0.2240.01% 124.78£1.92¢
0.24-0.01¢ 177.01+11.46¢
0.4140.03" 274.52+18.03"
0.35-+0.03° 262.44+7.71a"
0.2240.01% 231.564+1.78°
0.2140.014 189.26+6.31
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Fig. 5 Effects of different concentrations of quercetin on photosynthetic characteristics of A. venetum seedlings under salt stress
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Fig. 6 Effects of different concentrations of quercetin on the antioxidant system and osmotic adjustment of A. venetum seedlings

under salt stress
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®3 TEWMERRENHMEBTFIRAR 20T ERKMEBIERHRERBESH

Table 3 Analysis of membership function value for 20 growth and physiological parameters of A. wvenetum under different

quercetin concentrations of salt stress

4b B8 20 Treatments HCK HCKN  Q+N  Q+N  Q+N  Q+N  Q-+N  Q-+N
K % Germination rate 1.00 0.24 0.41 0.35 0.82 0.47 0.00 0.12
K 2E# Germination energy 1.00 0.51 0.58 0.62 0.58 0.30 0.11 0.00
& 2F F8 41 Germination index 1.00 0.09 0.10 0.12 0.14 0.07 0.00 0.00
Fk 5 Plant height 1.00 0.16 0.19 0.56 0.91 0.74 0.20 0.00
+ & Dry weight 0.94 0.05 0.13 0.51 1.00 0.83 0.08 0.00
fiif 7 Fresh weight 1.00 0.00 0.08 0.38 0.86 0.53 0.10 0.00
I Leaf length 0.86 0.00 0.23 0.37 1.00 0.52 0.37 0.07
M58 Leaf width 1.00 0.01 0.35 0.49 0.82 0.42 0.10 0.00
i A% Number of leaves 0.97 0.20 0.53 0.73 1.00 0.40 0.20 0.00
I 1fi 1 Leaf area 1.00 0.00 0.23 0.37 1.00 0.43 0.20 0.03
4 Root length 1.00 0.17 0.27 0.38 0.47 0.14 0.08 0.00
M 1 B Root surface area 1.00 0.01 0.22 0.33 0.60 0.18 0.06 0.00
HAAT Root volume 1.00 0.00 0.05 0.11 0.57 0.41 0.05 0.03
MR EL Number of root tips 0.90 0.00 0.05 0.38 1.00 0.92 0.73 0.46
4% 2 &7 & Total chlorophyll content 1.00 0.21 0.23 0.38 0.39 0.33 0.03 0.00
W N &5 B Carotenoid content 1.00 0.17 0.45 0.43 0.43 0.24 0.04 0.00
POD i #: POD activity 0.37 0.65 0.00 0.12 0.07 0.89 0.80 1.00
SOD i #: SOD activity 0.00 0.92 1.00 0.86 0.68 0.51 0.60 0.58
N 5 MDA content 0.15 0.00 1.00 0.72 0.38 0.37 0.66 0.72
Ui 5 I &R 7 &t Free proline content 0.00 0.57 0.78 0.80 1.00 0.84 0.65 0.61
2i 4194 Comprehensive score 0.81 0.20 0.35 0.45 0.69 0.48 0.25 0.18

HE 4 Order 1 7 5 4 2 3 6 8

AR, Wi s N LR B T b il AR S BB
AT ) U A A A0 0B 37 T, DT A R T A0 1) B
PR o R AT A TR U e R R
% Hh e JBE A B 2H (Q, + N~Q,+ ND & 28 AN 4k 5 15
B K, 5 HCK TG W 3 25 5 5 100 g Vi B Ak 38 4
(Q:+N, QN & ZF R & HCK W 35 AKX, Ui B A}
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