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Effect of EBR on Seed Germination, Seedling Growth and Key Enzyme Activities for
Flavonoid Biosynthesis in Astragalus membranaceus var. mongholicus
Under PEG-induced Drought Stress

LIANG Tai-shuai', ZHAO Xiao-qiong®, GAO Jian-ping'
(1. College of Pharmacy, Shanxi Medical University, Taiyuan 030001, China;
2. Taiyuan Institute of Technology, Taiyuan 030008, China)

[Abstract] Objective: To study the effects of 24-epibrassinolide (EBR) at different concentrations on
seed germination, seedling growth and key enzyme activities for flavonoid biosynthesis in Astragalus
membranaceus var. mongholicus under polyethylene glycol (PEG) -induced drought stress, in order to provide
theoretical reference for standardizing the drought-resistant cultivation techniques of A. membranaceus var.
mongholicus. Method: The seeds of 4. membranaceus var. mongholicus were soaked in EBR solution at

different concentrations (0.001, 0.01, 0.1, 1, 10 umol-L") followed by foliar spraying to explore their effects
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on seed germination, seedling growth, photosynthesis, chlorophyll and malondialdehyde (MDA ) contents, and
key enzyme activities for flavonoid biosynthesis under drought stress induced by 20% polyethylene glycol
(PEG) -6000. Result: Compared with the control (CK) group, PEG-induced drought stress led to an obvious
decrease in germination potential, germination rate, germination index, vigor index, relative germination rate,
plant height, root length, aboveground and root dry weight, net photosynthetic rate (Pn), stomata conductance
(Gs) , transpiration rate (7r) , chlorophyll contents and chlorophyll a/b ratio, while a significant increase in
intercellular carbon dioxide concentration (Gi) , MDA, flavonoids contents, and key enzyme activities for
flavonoid biosynthesis such as phenylalanine ammonia lyase (PAL). The treatment with exogenous EBR solution
at the suitable concentration significantly enhanced the adaptation of 4. membranaceus var. mongholicus seeds
and seedlings to PEG-induced drought stress, manifested as significantly elevated germination potential,
germination rate, germination index, vigor index, relative germination rate, plant height, root length,
aboveground and root dry weight, Pn, Gs, Tr, chlorophyll a/b ratio, chlorophyll and flavonoids contents and
key enzyme activities for flavonoid biosynthesis like PAL while lowered Ci and MDA contents. The optimal
concentration of EBR solution was 0.1 pmol-L"'. Conclusion: Exogenous EBR solution at the suitable
concentration ameliorates the inhibitory effect of 20% PEG stress against seed germination and seedling growth

of A. membranaceus var. mongholicus, reduces the oxidative damage in leaves, and improves the stress

resistance to a certain extent by up-regulating the key enzyme activities and promoting flavonoid synthesis.
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®1 EBRXMPEGHMETRHHBRMFHLKIHM (F+5,1=3)
Table 1 Effect of EBR on seed germination of Astragalus membranaceus var. mongholicus under PEG stress (x+s,n=3)
2153 R I% KR Y% REAEFREL ICWAER A XS R % AX PEG 1% /%
CK 54.33+1.53" 59.67+2.08" 15.83+0.41" 36.93+2.42° 100.00 0.00
TO 43.67+0.58° 45.67+1.53¢ 12.03+0..27¢ 20.04+1.39" 76.54 23.46
T1 45.33+1.15% 49.33+0.58° 12.87+0.14¢ 23.17+1.29% 82.68 17.32
T2 47.33+1.53% 53.33+1.53° 13.91+0.38° 25.05+1.39 89.39 10.61
T3 52.00£1.00° 57.33+1.53° 15.16£0.27° 32.84+0.88" 96.09 3.91
T4 48.33+0.58° 53.67+0.58" 13.88+0.20° 26.84+0.80° 89.94 10.06
T5 45.67+1.53% 50.00+2.00° 12.85+0.334 21.42+1.48°F 83.80 16.20

T : RS R] /NG b 3R 18] 22 53 2. 35 (P<0.05, % 2 ~ 5[l .

®2 EBRMPEGHMETEHRHBRAHEERKFEIIHM (Xs,n=3)

Table 2 Effect of EBR on growth characteristics of Astragalus membranaceus var. mongholicus seedlings under PEG stress (x£s,n=3)

21 5 & /em MK /em AR BT /g FERRART T /g
CK 12.73+0.45° 16.07£0.35 0.25+0.01° 0.077+0.006"
TO 8.13+0.21" 11.13£0.31° 0.16=0.01° 0.037+0.006°
Tl 8.77+0.15° 11.83+0.40° 0.18+0.01¢ 0.043+0.006*
T2 9.67+0.25¢ 13.50+0.40° 0.20£0.01° 0.057+0.006"
T3 11.53+0.25" 15.10+0.30° 0.22+0.01° 0.073+0.006*
T4 10.47£0.25° 13.53+0.29° 0.21£0.01% 0.053+0.006"
T5 8.97+0.21° 11.23£0.35% 0.18+0.01¢ 0.043+0.006%

K, Pn,Gs Fll Tr 43 S TO L3I0 T 70.45% ,32.17% Fil

%3 EBRMPEGHMETEHHERYDEMNHEXESHEMNEMN (F+s,n=3)

Table 3 Effect of EBR on leaves photosynthetic characteristics of Astragalus membranaceus var. mongholicus seedlings under PEG stress

86.13%, Ci % TOLHFEAK T 43.29%. W3 3.

(X+s,n=3)
2157 Pn/umol-m™-s™' Gs/mol-m-?s’"! Tr/mmol-m?+s™! Ci/umol* mol™
CK 17.79+0.38" 185.30+6.78" 7.67+0.31° 183.00+8.03¢
TO 9.26+1.08° 130.14+4.56" 3.54+0.23f 367.91+£7.70°
T1 12.00+0.05¢ 144.30+4.42° 3.90+0.12° 292.52+8.70°
T2 14.08+0.73° 162.96+3.00° 4.77+0.18¢ 258.04+7.12¢
T3 15.78+0.70° 172.00+3.52° 6.61£0.16° 208.64+7.43"
T4 14.88+0.30™ 153.35+3.49¢ 6.60+0.11° 241.51£10.91°
T5 11.5940.70° 141.84+3.20° 5.26+0.21° 315.22+5.92°

3.4 EBRXJ PEG Ml T 5 h & 4 i it k4t &R
FREE M CK 4L, To 4] 2 A% T 58k #
EEAH R S R i o K a/bfE, Hot 4%
Fa, &R b, M4 (ath) & i L4 a/b (H I
I FEAR T 38.91%,22.79%,35.43% #120.96% . # L
TOH , TI~TSH ML F a, HE Kb, H4&FE (ath) &
i S Sk 2 a/b (E G N R AR BE B, T3 4 4 IR 4
KL, B E BN T 57.29%, 26.64%, 49.39% Fil
24.24%., W 4.
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%4 EBRWPEGHETEHERYDEMHFMHEZEEEMHI (F+s,n=3)

Table 4 Effect of EBR on chlorophyll contents in leaves of Astragalus membranaceus var. mongholicus seedlings under PEG stress (¥ + s,n=3)

i M4 % a/mg- g M4t % b/mg- g M4 % (a+b)/mg- g 4% % a/b i
CK 1.79+0.01° 0.49+0.02° 2.28+0.02" 3.64+0.16"
TO 1.09+0.03" 0.38+0.00° 1.47+0.03" 2.88+0.09¢
Tl 1.36+£0.01° 0.44+0.04° 1.80£0.04% 3.13+0.32%
T2 1.57+0.03¢ 0.48+0.02° 2.05+0.03° 3.28+0.18"
T3 1.7240.01° 0.48+0.01° 2.20+0.01° 3.58+0.11*
T4 1.4240.01¢ 0.42+0.01% 1.84+0.02¢ 3.42+0.16™
T5 1.36+0.04° 0.41+0.01% 1.76+0.04° 3.35+0.12%°

CHS, FNS, CHI i P 4 47 A [A] #2 B2 3 fin (T5 44 4CL
R BR Sb ) L T3 ALK R e oK, i) e E T

4421%, 23.47%, 49.28%, 31.85%, 21.21%, 49.77%
M 32.55%, WLFES,

®5 EBRXMPEGHMETERHHEKLYEMF MDA, XHMESSERLEMESMXBEEENFM (f+s,n=3)

Table 5 Effect of EBR on MDA, flavonoids contents and flavonoids synthetic key enzyme activities in leaves of Astragalus membranaceus

var. mongholicus seedlings under PEG stress (x+s,n=3)

i MDA FEH R PAL C4H 4CL CHS FNS CHI
/umol- g /mg- g’ /U-g! /U-g! /U-g! /U-g! /U-g! /U-g!
CK 3.05+0.23" 8.58+0.25" 0.12+0.001" 0.48+0.0062 0.90+0.03° 0.39+0.01" 0.23+0.02" 0.022+0.002°
TO 6.95+0.11° 10.74+0.23¢ 0.26+0.005° 0.81+0.012° 1.14+0.06* 0.52+0.02° 0.31+0.01° 0.032+0.002¢
T1 6.45+0.09° 11.83+0.33¢ 0.27+0.004¢ 0.86+0.005° 1.22+0.03° 0.54+0.01¢ 0.35+0.01¢ 0.036+0.001°
T2 5.69+0.10° 13.46+0.28° 0.29:+0.003¢ 0.93+0.004° 1.34+0.05° 0.56+0.01° 0.39+0.01° 0.037+0.001°
T3 4.48+0.17¢ 15.49+0.16 0.32+0.004° 1.21£0.005° 1.50+0.02° 0.63+0.00° 0.47+0.01° 0.042+0.002"
T4 5.98+0.16° 13.71+0.33° 0.30:0.004° 1.11£0.004° 1.33+0.03° 0.58+0.01° 0.44+0.01° 0.039+0.001°
T5 6.63+0.07° 12.38+0.28° 0.270.000° 1.00£0.005° 1.08+0.10¢ 0.54+0.01% 0.40+0.01° 0.037+0.001"™

4 HFHit5itie
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By B, b S AR ) B 22 3 8 i 30 T e ) SRk e B,
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64 RE T R 8RR S U T A LR SR R
fiff 5 T O AR WIS SR o R IR ME S & B R AEAR
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HHE A R R S R AR a/b E,
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BRI A Po B £ RE . M IHBEE 0.1 pmol- L
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BB I R A i MO A R, — T o 0 % 4
BRI e i R T R TG B AR ) — T 5 v
R PR K A3 R A DRl BE R K B 1R Gis o BE R
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