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SMR 6-BA T ELFAME T A EM F L
E BRI X E B RIZ BT
T & ABE IEE LA W
2w RER AEH N HEW

(1. BRI N — AR B AR AF e, BIEVL KK 16331952, FBIRVTAER MU R TRE AWM Z G JBIBITL KK 163319;
3. E R TR AR ZT O R  IR AR 280 %, BRI IT. KR 163319)

T EUKRERMCAK S M R N R I AR BT A A A KR, AR AR T AN R 6-
FHBES(6-BA)MATFHL AKX, HELZA NWEAZ AT HEIAAX LA X AE N Y, KT HNE 6-BA &4
AU TREMFHALES MG EAEKMANERNE, FREV. EHPBUAERBESKIH T YW P
ROSHREZ, S HAMANRGAL ERHLBATHERK THRE ERER ERE R EREERES L
T2 25 T 1 78.34% ~81.00% .52.31% ~ 63.40% .67.37% ~ 80.62% .85.15% ~ 85.20% 51 15.49% ~ 45.52% , 60 pmol -
L8 6-BA it BHFHEMERTANFTHAATMROS RE  REAMA LM AEZH MY THRFE KFH KF
36 BURE 463, B 8 4 B b 33.33% .7.32% ~ 51.85% 20.76% ~ 32.27%%1 2.80% ~ 49.09% , 4hIE 7 Am 6-BA
YR EAEART R P AIERE (I Z.CA, JAA I ABA) WA B, A A K 95 M 4 B 7.85% ~
16.37%,* 4 IR & B1K 5.56%~12.77% , Bl Bt B FE M2 R X RBEAE TR THXEE N REKTEFE LR
st EAR A K IG, RAERTHRE RER RERMRAE, G5 N 88.71% ~ 145.55% . 117.90% ~
465.00% ,78.64% ~98.87% %1 124.82% ~235.48% , #MJF 6-BA A H I ai b B ot eyt 6 E A KI5 E 4 5 A
77.90% ~89.62%#1 118.85% ~125.67% , H XA LW L&A BB A TR AL, TR HAH TR
TR R &K EARK AT R E A B e 1.55% ~17.00% %7 70.43% ~75.36% .,
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Effects of exogenous 6—BA on physiological characteristics and related gene
expression of soybean seeds and seedlings under saline-alkali stress
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Coarse Cereals Engineering Research Center Crop Germplasm Resource Innovation Laboratory, Daqging, Heilongjiang 163319, China)

Abstract; This study investigated the mechanism of exogenous 6-benzyladenine (6-BA) in alleviating salt-
alkali stress on soybean seed germination and seedling growth using two soybean cultivars, ‘ Henong 95’ and ‘ Ni-
uyanjing’ . Through seed germination and seedling growth experiments, the effects of salt-alkali stress and 6—BA
treatment on germination parameters, growth indicators, antioxidant systems, endogenous hormone regulation, and

related gene expression were compared. The results showed that salt-alkali stress induced ROS accumulation in soy-
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bean seeds and seedlings, causing oxidative damage and significant reductions in radicle length (78.34% ~
81.00% ) , dry mass (52.31% ~63.40% ) , radicle volume (67.37% ~80.62% ) , radicle surface area (85.15% ~
85.20%) , and root diameter (15.49% ~45.52%) compared to controls. Application of 60 wmol - L™' 6-BA en-
hanced salt-stress tolerance by regulating the antioxidant defense system and ROS accumulation, and improved ger-
mination rate (33.33%), germination potential (7.32% ~51.85% ) , germination index (20.76% ~32.27%) , and
vigor index (2.80% ~49.09% ) in both cultivars. Exogenous 6-BA modified endogenous hormone levels (iZ, GA3,
TAA, and ABA), increasing their contents by 7.85% ~16.37% in ‘ Henong 95’ while decreasing them by 5.56% ~
12.77% in ‘ Niuyanjing’ . This treatment alleviated radicle growth inhibition by regulating cytokinin metabolism and
signaling-related genes, significantly improving radicle dry matter mass (88.71% ~145.55%) , root volume (117.90%
~465.00% ) , root surface area (78.64% ~98.87% ) , and root diameter (124.82% ~235.48% ). Compared to salt-
alkali treatment alone, 6—BA application increased leaf color value (77.90% ~89.62% ) and stomatal conductance
(118.85% ~125.67%) , effectively enhancing photosynthetic capacity and antioxidant activity in seedlings. These
improvements promoted underground nodule formation and root growth, resulting in increased root length (1.55% ~
17.00% ) and dry matter mass (70.43% ~75.36% ).

Keywords: soybean; 6—BA; saline-alkali stress; seed germination; seedling; anti-stress physiology
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SNIE 6-BA 33 ERFRIAME T X 2 FF 5 & B R0
12 2 0] 0L, 555 HEAE LE, SR BME R AN K
AP R 2R R ZE S R ZER B I 1R
FIH (P<0.05) ;HNOS A1 SA ZbHRA 4 4K ZE484r
B CK 21 43 ) i 35 B AIK 46.67% .40.00% .31.94% .
86.83% ;NYJ 1) SA AbFRAH 4 K ZEF8 PR CK 4141
B AR 17.78% .8.89% 8.21% . 79.92% , 5 SA
AbFEAH EEEE , AN S A [R) MR FE 1Y) 6-BA X K &4
TR 256 R ZF3A R ZFHEE I 138 B R 3R 1
R FeIEIE AR e, 56 kF,60 pmol - L7
(1) 6-BA XF LB ME T K G 85 & 38 bs 0 $E TH IR i
Ko BARFRMA .5 SA M ELE, HNOS B R ZF % K
ZEE R ZFARE S IR B IR BE 5300 R 33.33% |
51.85%(P<0.05) ,32.27% ( P<0.05) .49.09% ( P<
0.05) ;NYJ IR ZF% R ZFH R ZFHE TG 1165k
AW 43 59 R 33.33% (P <0.05) .7.32% (P <
0.05) .20.76% (P<0.05) .2.80%

2.1

x1
Table 1

Wi 1 Fro (W55 50) S50 R L, SR a0
TIPSR G F AR T B AR AR AR AR
AR EAR PR E M (P<0.05) . HN95 (1) SA &b
A Bk 5 KRR CK 450 0 B 3% IR
81.00% .63.40% .80.62% .85.15%H1 15.49% ; NYJ i
SA MR 5 A K AeFR L CK 4 43 ) i & AR
78.34% 52.31% .67.37% .85.20% 1 45.52% . 5 SA
ACERAR LA, 6 -BA B JIn AU AT A B S A 3 e X
Ty ARAARFR AR AR AR AR B I A RN, e
B Ry S BEAR Y e (R XA AR B FH 3R
MAEAE 2T, ZEEKF,60 wmol « L7 6-BA Xfih
BN E T KRR A 4 A8 A 9 52 i e K, AR SR
.5 SA ML #R, W3 F R HNOS AR K T4 i
i R AR B AR TR AR B AR, B R R 4 i A
16.82% .145.55% 465.00% .78.64% F1 124.82% ( P<
0.05) ;NYJ (T 9 i AR AR AR 1 BLRIAR B4R 3
TR RES3 55 4 88.71% . 117.90% 98.87% Fl 235.48%
T IH NYJ BARE, FREIRE R 12.97% (P<
0.05) .

qRT-PCR Fr 3|4
Primers for gqRT-PCR

FEH Gene name

EM 5[4 Forward primer (5-37)

JZ 1815 |#) Reverse primer (5°-37)

GmCYP735A1 ATGGTGAAGAGTGGCGCC TTCCACCATGTGCCCAGC
GmLOGI14 GGCTCAGCTTGGCATCCA GGCGAGCTTTGGGGCTAA

GmUGT76C2 GGGTGATTCGACCTGGGC CTCCCACTGCAGGATGGC

GmUGT85A1 ATCTTGTGGCGGGCGAAA TGCAGGGTGAGTCAGCAC
GmAHK3 GGGCTAGGATGCTGCAGG GATCGATGGCTGAGGGGC
GmAHP3 TGAAGATGCGGAGAGGCT TGCTGGAGCTGCTACCCT
GmARRI ACACGCTTCCTCCAGTGG CTTCAGTGCACCGGCTGA
GmARRG6 TGCCGGAAGTTGGTGGTG ACCGCTCGATCACCTTGC
GmARRY GGGGATGGCTGCAGAGTC GGTTCTGAGGAGCCTCTCA
GmActin TGTGTTGTGTTTGTCGGAACCC ACGCAGCAAAGTCCTGAAACTC

K2 AERE 6-BA W AKEFMFIHERZIN

Table 2 Effects of different concentrations of 6-BA on the germination of soybean seed

s | B | JOHER i
Treatment Germination rate/ % Sprouting potential/ % Germination index Vitality index
HNO95 NYJ HNO95 NYJ HN9S NYJ HN95 NYJ

CK 100.00£0.00a  100.00+0.00a 100.00+0.00a  100.00+£0.00a 22.76£0.58a  22.26+1.53be 276.53+7.0la  290.78+7.90a

SA 53.33+£6.67b 82.22+7.70b 60.00£11.55¢  91.11+3.85b 1549+4.01b  20.43+1.30¢ 36.42+9.43cd  58.40+3.72b
SA+20 53.33£11.55b  91.11+3.85a 66.67+17.64c  91.11+3.85b 1573+3.30b  22.22+0.98bc 32.90+6.90d 44.61+1.97bc
SA+40 66.67£17.64b  95.56+3.85a 77.78+13.88¢ch  97.78+3.85ab 1744+2.13b  23.5420.38ab 39.48+4.82cd  46.34+0.75be
SA+60 71.11+10.18b  100.00+0.00a 91.11£3.85ab ~ 97.78+3.85ab  20.49+2.99ab  24.68+1.23a 54.30+3.75b 60.04+£2.98b
SA+80 64.44+13.88b  95.56+7.70a 80.00+6.67abc  95.56+7.70ab  20.38+1.4lab  23.34x1.41ab 45.84+6.68bc  52.47+3.17bc
SA+100 60.00+6.67b 93.33+0.00a 68.89+13.88¢c  97.78+3.85ab 1634+2.30b  22.67+0.55ab 30.59+4.31d 42.01+1.01¢

T RSN SRR R A BN 22 5 .35 (P<0.05)

Note: Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05).
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Note: Different lowercase letters indicate significant differences between different treatments of the same variety ( P<0.05), the

same below.
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Fig.2 Effects of exogenous 6—BA treatment at different concentrations on oxidative

stress in HN95 and NY]J radicles under saline-alkali stress
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Fig.3 Effects of 6~BA on endogenous hormone content in soybean embryonic roots under saline-alkali stress
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