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Alleviating Effect of Exogenous Brassinosteroids on Seedlings of
Arachis hypogaea L. under Pb Stress

SHI Chenyu"*?, YANG Yue', CHEN Yueping', LI Mengting', YA Xiaopan', QIN Lanli****
(1.Guangxi Key Laboratory of Sericulture Ecology and Applied Intelligent Technology , Hechi University,
Hechi 546300, China;2.Guangxi Collaborative Innovation Center of Modern Sericulture and Silk,
Hechi University , Hechi 546300, China; 3.Guangxi Colleges Universities Key Laboratory of Exploitation and
Utilization of Microbial and Botanical Resources, Hechi University , Hechi 546300, China)

Abstract: As the sixth largest plant hormone, brassinolide(EBR) has the effect of alleviating plant stress resistance. To
investigate the alleviating effect of EBR on plant physiological characteristics under Pb stress, in this experiment, Arachis
hypogaea L. was used as materials and soil pot cultivation method was applied to measure the germination and morphological
indicators of Arachis hypogaea L.. seeds under different mass concentrations of Pb stress. The optimal mass concentration of Pb
stress was selected, and the effects of exogenous application of(0, 0.01, 0.05, 0.10, 0.50, and 1.00 mg/L.) EBR at this mass
concentration on Arachis hypogaea L. seed germination, seedling morphological indicators, and physiological indicators were
studied. The results showed that under single Pb(NOsy), stress, the germination potential, germination rate, embryonic root
length, plant height, and root length of Arachis hypogaea 1.. were significantly reduced when the mass concentration was greater
than 300 mg/1.. Compared with the single 300 mg/1. of Pb(NO,), stress treatment, the exogenous addition of 0.1 mg/1. of EBR
increased the germination potential, germination rate, embryonic root length, plant height, and root length of Arachis hypogaea
L. by 28.95%, 11.76%, 27.96%, 6.18%, and 15.96%, respectively. The total chlorophyll increased by 67.34% , and the
content of soluble protein and soluble sugar increased by 19.48% and 13.33%, respectively. The activity of antioxidant enzymes
(SOD, POD) increased by 51.98% and 58.62% , while the content of malondialdehyde and free proline decreased by 1.67% and
20.73% , respectively. The accumulation of superoxide anion free radicals(O,+”) decreased, indicating that exogenous EBR at
0.1mg/L had an alleviating effect on Arachis hypogaea L. seedlings under Pb stress, could reduce the damage of Pb stress to
Arachis hypogaea 1. seedlings and improve their stress resistance.

Key words: Arachis hypogaea L. seedlings; alleviate; Pb stress; brassinolide; physiological characteristics
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2 HREH5HM

2.1 PoAMEXMEEMFHEMYERSHIM
2.1.1  Pbpia X e AR F i R R 1Al
L TE R R G MR P B A R AR R T K 2R
PR R A AZ B — g . K ZFE
KFE, 5 CKAME, 5T 300 mg/L Ph(NO,), il %
T AR Y & 2 AR, b 600 mg/L Pb
(NOG), [ 360 B %5 b 1) & 28 S il 76 e ok S
BRI, B CK B E K T 16.79% (P<<
0.05) ; 7E4 P rift Ab BT A6 A B T 1 & ZE R %
IR B0 A A AR ) 0T o R B P AR SRR AR A R
T AR K B2 34 52 B30, BE Pb BT & vk B 1y Bt
JRAR K P 46 %5 (& 1) ,100,300,400,500,600 mg/L
Pb(NO,), 4k ##5 CK 435I FEAK T 20.03% .64.53% .
70.28% . 74.22% . 76.85% , H 2= 5 ¥ ik W 3% K
(P<<0.05).

1 Pb(NO,), B8 Xt 1 4 # F 85 & $5 47 10 5 0

Tab.1 Effects of Pb(NO,), stress on seed germination
indicators of Arachis hypogaea L.

Ph [ e/

) R/ % RH/% RN /em
g% Germination po-  Germination Embryonic
Lead mass con- .
. tential rate root length
centration .
0(CK) 85.33+£2.89a 93.33£2.89a  6.0941.36a
100 76.33£2.89ab  86.67+£2.89b  4.8741.24b
300 73.33£5.77¢c 85.00£5.00b  2.1640.23¢c
400 72.00£5.00¢ 86.00£5.00b  1.8140.52d
500 71.6742.89¢ 83.33£7.64c  1.57£0.19%
600 71.004=5.00¢ 84.00£5.00c  1.41+0.21e

T AR NG F B3R R 0.05 K B 285 3. FRM,

Note: Different lowercase letters in the same column were sig-

nificant differences at the 0.05 level. The same as below.

+60-

100 mg/LL 300 mg/L. 400 mg/LL. 500 mg/L. 600 mg/L.

1 Pb (NO;) X747 F #5 & B 00
Fig.1 Effects of Pb (NO;) , on Arachis hypogaea L.
seed germination

2.1.2 Pbhpia X LA L IR SR sE e MR
) 1 bk v AR L BE A AR EDULA A 9 1 A KR
o MWE2RLIEWE ,7E Pb i & F =100 mg/L
I, 762 G Bk v AR K A2 2, 5 CK AR EL Yy
B FE K (P<<0.05) ;78 500 mg/L Pb(NO,), i}, 1E
A AT B RR R R L B CK O 3 BRI 20.33 % (P<<
0.05). PbrifaF 764 4 iy MR K 32 31 B S 5
BRI HIER 5 CKAH E BB 4 i AR K 3y
BB (P<C0.05) , Horr, X4 Ph(NO,), it & % B
500 mg/L i, £64F &)y i AR K B i, 45 CK i 35 B AR
46.84%(P<<0.05)
F2 Pb(NO,), B8 3 £ 4 4h i F 75 H5 4R 0 5 0

Tab.2 Effects of Pb(NO;), stress on morphological
indicators of of Arachis hypogaea L. seedlings

PbJiis¥ fZ/(mg/L) R /em K/ em

Lead mass concentration Plant height Root length
0(CK) 17.56+0.30a 19.454+2.32a

100 15.1940.80b 15.23+3.26b
300 14.9541.47b 14.09+0.36bc

400 14.6040.76b 13.8940.63c

500 13.99£1.56¢ 10.34£2.11d

600 14.11+1.33c 10.6143.51d

25 b P ik, Pb Wraa i & vk B = T 300 mg/L
BF B A 4 B 0 & ZE A BEAL, 5 CK Al 22 5= i 3%
(P<<0.05) ; MR K 7E 600 mg/L. Pb(NO,), Brif T
F s, 5500 mg/L ML Z R AR B E . A4
WM R S R F R RRK MRS MIRK AR T
300 mg/L Pb(NO,), ki B i 3 BEAR . PR, ARk
B 51 Ph(NO,), Jit ¥ B2y 300 mg/ L
2.2 EBR3Xt Pb BB T 16 4 %) & M9 & 7 UL
2.2.1 EBRX Pb it FAEAEF FH] & M52 i
i A6 A B 1 W N B0 (I 2) , 3 53 R0 I 5 46 A= B
T K ZE S R ZERFMAR K B, DA o W R 0
FIRY AR, LA T f# EBR X Pb il 48 4= Fp 78 &
B 52 M) o
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E 2 EBR3PbiE FEEMFHENTM
Fig.2 Effects of EBR on Arachis hypogaea L.
seed germination under Pb stress

MFE 3 A LA 1,50 EBR AL B 40 %) Ph i ia F
PELE Y ) R 2 SR B T A BEVE T, A 2R Bl 1Y)
K HEHAE0.05.0.10,0.50,1.00 mg/L. EBR AL H T,
5 CKZ A, 70 5 i 48w 1 26.3226.28.95% .
23.68% ,18.42% (P<<0.05),0.10 mg/L EBR % %
ZER IR UEVE e . EBR X AEAE R T A9 K 2E R
) TR FEAE L (H 25 573K 58 K OF,0.05,
0.10,0.50.1.00 mg/L. EBRAMHEF , &8 CK2 43 51| 2
W T 7.85%.11.76% . 9.80% . 3.92%, 0.10 mg/L
EBR X} % 2F 3 09 {2 dF 550 R e K o EBR B4 #h 7
AR A B s B — o 4 #E 4 AL 0.01,0.05.
0.10,0.50 mg/I. EBR AL H T, 4 CK2 43 3K T
12.90%.2.15% .27.96 % . 1.07 % , {H 25 5 & 3| & 3%
JKAF,0.10 mg/L EBR XF IR A < B2 0 42 2F 4 H &
Ko ULEHF EBR b3 A6 AE Bl 6 ZE Ph i 4%
PET Y K253 R AR B YA —E e A
A R T A6 AR 776 Ph it N E & .

%3 EBRXI PoiME TREMFHLHIM
Tab.3 Effects of EBR on Arachis hypogaea L.
seed germination under Pb stress

EBR Ji i ¥ Ji / . _— "

SRS s mopE/% 0 BRKIE/om
. 8% Germination po-  Germination Embryonic
EBR mass con- .

. tential rate root length
centration .
0(CK1) 83.33£7.6da  96.674+2.89a  5.15+0.46a
0(CK2) 63.33£7.64d  85.00£5.00b  1.864-0.42b

0.01 70.00£5.00bd  85.00£5.00b  2.1040.40b
0.05 80.00£5.00ab  91.6747.64ab  1.90+0.35b
0.10 81.67£5.77a  95.0045.00ab  2.38+0.34b
0.50 78.33+£2.89ab  93.33£2.89ab  1.8840.23b
1.00 75.00£5.00ab  88.33£7.64ab  1.7340.17b

2.2.2 EBRX} PblriE F AN EHIES
W YRS

545 19 5
FEARBR 1 AR A28 AL RE A FLU

o e Y AR RKCRE . R4 R BN EBRIZ
Fxt 46 A= 41 5 i bk v RS B 3 R AR B — 2 iR
HEAE R o AEAE 4B B MR R 7E 0.10 mg/L EBR Ak
PR fe i, B8 CK2 W3 1 6.18% (P<<0.05) ; 7E
0.05 mg/L EBR b 3B, 462 4y i i R K e K, 38
CK2 B8N T 15.96 % (P<<0.05) . UtHI4ME EBR
XF Pb B8 T A6 AR i bk AR B — o 142 i
YEHT o

%4 EBRY PbiME T4 4 & IR0 200

Tab.4 Effects of EBR on morphological indicators of of
Arachis hypogaea L. seedlings under Pb stress

EBR i ¥ )% /(mg/1.) R /em R /em
EBR mass concentration Plant height Root length
0(CK1) 21.82+1.15a 12.244-0.88a
0(CK2) 19.0940.49b 9.71£1.29b
0.01 19.21+1.33b 9.99+£1.29b
0.05 19.6441.67b 11.26+1.45a
0.10 20.27+0.84a 9.74+0.20b
0.50 19.1340.67b 9.93+1.27b
1.00 19.094-0.62b 9.38+1.31b

2.2.3 EBRX»T Pb Jii}38 46 2E 41 i SR 3 R
B NREGEMEm RRSWH,CK2 5 CK1HH
I, Xzﬁz%mﬂﬁﬂfﬁ%ﬁn*éﬂw NS = el
b, B —Pb AL BRAR T M4 a MHE R b B £k
RS MRS E TR T 27.51%.34.00% .
28.95% .25.80% (P<<0.05) , WA 7E B — Pb i il F
AR A B2 2 T ME . AR A
7] O 5 Wk B 1 EBR B, 46 A= 4 B it 4 3R
B NREA K, Kb 5 R a & #1E0.05,
0.10.0.50 mg/L. EBR &b ¥, 5 CK2 43 51| . 3 34
i 48.73% .61.50% .37.07 % (P<<0.05),0.10 mg/L
EBRAHE it 4 3 a & Wb iK B e K. EBR Ik
JE 4 0.05 mg/L B}, X AE 2 4 i i 2 R b & i A 42
HERE H B o W L, B CK2 W 3 4 K 91.77% (P<<
0.05), B4 E & E1£0.05.0.10,0.50 mg/L EBR
WREEF 88 CK2 4338 4 57.59 % .67.34 % .41.00% ,
H25 5% 3% (P<<0.05) ,EBR & # ¥ 5 0.10 mg/L
MEM SRS ERK, EBR&SAOH T, KHE MR
SR CK2EA g hn ,EBR i i B 4 0.10 mg/L
W, 8 CK2 4 K 44.29% , H 2% % W % (P<<0.05) .
Pb it R AN EBR AT LR i A A 4l 4 %
MBI E & ,0.10 mg/L EBR ¥ A F) 5 hnnt
GFEa BRI LY PREE,0.05 mg/L
EBRIEAF TAHEH MR D F &I, B4 RE,
.61.
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Tab.5 Effects of EBR on chlorophyll and carotenoids of Arachis hypogaea L. seedlings under Pb stress mg/g

EBR ik %/ (mg/L) W F a ol WD & it R I KB N E G
EBR mass concentration Chlorophyll a content Chlorophyll b content Total chlorophyll content Carotenoid content
0(CK1) 12.544-0.11ab 3.50£0.19bc 16.034-0.08ab 2.83+£0.12ab
0(CK2) 9.09£0.60c 2.31+£0.05d 11.3940.65¢ 2.10£0.11b
0.01 11.394-0.26bc 3.05£0.11c 14.444-0.15bc 2.49+£0.08ab
0.05 13.52+2.54ab 4.4340.08a 17.954+2.46a 2.83+£0.68ab
0.10 14.6841.88a 4.3940.22a 19.06+2.10a 3.03£0.54a
0.50 12.46+£0.75ab 3.59+£0.42b 16.0641.16ab 2.67£0.20ab
1.00 11.4240.48bc 3.11£0.09bc 14.5340.39bc 2.39+£0.15ab
2.2.4 EBRX}Pbihi#t Tﬁsizﬁmmﬁﬁ%ﬁ Ak B 2 iy A R R IO [, 0.50 mg/LEBR

Rz f B 3R, CK2 5 CK1IAH L, 4 i%ﬁﬂa BOR T4
A EA SR TR T 17.55%, H 2 5 B #F (P<

60 a
0.05) . EBR 4b B A 46 7 4y w7 nl i o5 3 11 & B4 o, .
CK2 347 F 4 i ,0.01,0.05,0.10,0.50,.1.00 mg/L _ °f 1 -Ib- .-
EBRAME T4 CK24M3IH15.89%.3.27%.19.48% . 33 4of b
16.04%.3.27% . WLUISMIREBR AT LI POIE  H3 | 7
TG EAEHEA SR WTEmE 328 §3
(=
Pb i 9 . %5 £
12 10
RN N 0 1 1 l l I L J
2= I _ﬁI_ ab 0 (CK1) 0 (CK2) 0.01 0.05 0.10 0.50 1.00
E ab ab Ed ab SREWRE/ (mg/L)
\? § 8r —Ib— ] 3 E3 E]:E]%};J;nii&c{:;emrinon
-3 B4 EBRX PbAE T4 40 8 B I S8 & B 1 %M
%[ 2 6 Fig.4 Effects of EBR on free proline content of
.2 Arachis hypogaea L. seedlings under Pb stress
#HE 4r
®oLL 2.2.6  EBRXJ PbHp & 48 4= 4y i ] 3 P 5 i Y
UL L UL, e EBR Pb i R 262k 4 o7 i P b o it

0
0 (CK1) 0 (CK2) 0.01 0.05 0.10 0.50 1.00 AR 5 5
s DI B P 5 7 5%

FBR mass concentration

o R [ 5 5 B £ AL B 2 0.05 ACF BB B MRS, F 0200 4 b

K =] EIE EIE il:I:— E:g be
Different lowercase letters in the figure were significant differences [ =7
at the 0.05 level(P<C0.05). The same as below - ’g 0.15F ]

B3 EBRXMPbEME FHASHHAWEEESIENTM W 5

Fig.3 Effects of EBR on soluble protein content of dr =
Arachis hypogaea L. seedlings under Pb stress % §0 0.10F
e 2
2.2.5 EBRX PbMit T 264 4 U7 85 I 2 o = 2 oost
Ay 18 4 W1, CK2 5 CK1 A HS,Y)J'?P%%%

2 A EL = R -0 N8, 1 1 1 1 1 1 1
M i 3 B4 79.0506(P<<0.05). SMRAIEBR G0 (CKI)0 (CK2) 001 005 0.0 050 100
Ja,5 CK2# 1 ,0.01,0.05,0.10,0.50,1.00 mg/L EBRIT &K E/ (mg/L)

S B I A A A L L - EBR mass concentration
EBR 40 3T, i 2 I 20 M & B2 R B (P< ES EBRX PbME R4S AREESBHEM
0.05),0.50 mg/L EBRAUNFMIGEEIEMRE T F% Fig.5 Effects of EBR on soluble sugar content of
Arachis hypogaea L. seedlings under Pb stress
oA N RE 20.73% . Ui M EBR BE 9 22 fif
P it N R 1A P9 0 18 A 2R 3 A B L 4% EBR MIE ST LAFE H, 7E . — Ph AR FE(CK2) F L 1k

+ 62
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A AT IR R A R CKL R R T 13.73% , Hoik
2 2 5K (P<<0.05) . 5 CK2AH L, 4R 0.01
0.05.0.10,0.50.1.00 mg/L. EBR, 7] ¥ 1 4 & & 43
B E RN T 9.20% . 11.78% .13.33% .11.74% .
7.32% (P<<0.05) , Horpr, 4R 0.10 mg/L EBR H 47
F T T s R A i i n . BB SR EBR B 62
P2 55 P JBir 38 A 4 04 9 AT 9 1 B A L 00 P
I EE ISR R TR R T AT  ERE O R .
2.2.7 EBRXJ Pb e N 464 41 9 R 7 i A5
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