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Abstract: In order to evaluate the growth-promoting effects of salinity-tolerant microorganisms
on plants under salt stress, the effects of two strains of Bacillus subtilis (HMB38720 and
HMB38667) on the growth and physiological characteristics of grapes under salt stress were e-
valuated by pot experiment with 1-year-old Sunshine Rose grapes as the test material. The re-
sults showed that compared with the control, at the end of salt stress treatment (44 d, 10 d af-
ter 6 times of irrigation) , after the use of 2 salinity-tolerant Bacillus strains in the irrigations,
the relative growth rate of new shoots, the leaf area, the SPAD value of grape leaves was signif-
icantly increased by 77.37% and 198.69%, 50.61% and 38.35%; 22.40% and 16.31% , respec-
tively, while leaf relative conductivity was significantly reduced by 30.00% and 23.50% , respec-
tively, and leaf malondialdehyde (MDA) content was significantly reduced by 18.10% after the
application of strain HMB38720. The treatment of strain HMB38720 had no effect on the seed-
ling substrate conductivity and pH, while these two indexes were significantly reduced by
19.17% and 0.32, respectively after the treatment with strain HMB38667. Meanwhile, all Bacil-
lus strains obviously or significantly increased the activities of defense enzymes (SOD, POD,
PAL, PPO) in grape leaves. Redundancy analysis showed that plant growth phenotypes (leaf
area and leaf SPAD values, relative growth rate of new shoots) were positively correlated with
the activities of four defense enzymes in leaves. The results of the study indicated that both sa-
linity-tolerant Bacillus strains were able to alleviate the damage of grapevine plants subjected to
salt stress, and have potential for application in grape production.
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A ) A7 A R A LR R AR A 0 DX R O T 3 R 2 0 T R M R — AR AT Rk AR
FRATT AT I 5 SR FH 5 1% M 0 % 1k 0 2k B 2 MR it R B2F A K B B Mk HMIB38720 Al HMB38667,
A AT LA 32 10% NaCl #hi . pH fH 11 (AR EE, J5# T LUt 32 5% NaCl #h& . pH {H 9
MR R BT, JF H B X B SR N E R T OK B W IR AEVE T, &0 F AW E T R X
VR TR 6 5 A DL SR 2R TR AF T (RS2, 3K 2 0 T o 6 28 6 A R TR R A A T A A A R el b + 4
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P 2 F 5 k. R 55 Ak A D3R I ZF A AT B (Bacillus velezensis ) (HMB38720 Fi
HMB38667) , Hi 1] 4t 44 A AR 2% Bt A8 4 Of 4 0t 5% T 4 1L
1.2 K ZGFIFNL

TR S LIRSS AFE)TR
B TAES SW-CJ-2FD IR A 4 28 4\ o
HLF RV HR-2000 it R B PR A A
e I IR 3% % VX200 ZE [ Labnet 2\ )
S OB AR TR A7 4R DW-861.626 H LR R Ay A B F)
ERRE 247N ZHWY-2102C b 1 SR AL A PR )
K%/ T (B D 46 PH-030A A RAL AR T
il R A% 5118650 %I 2618 Thermo Fisher Scientific
4> B Bl R K R R HVE-50 A7 HIRAYAMA 4 /)
TR 5 b L AL Sorvall LYNX6000 Himac
LR AL DDSJ-308F e ASCHL R 2 AR TR A0 A PR

1.3 TEEFRTE RS RS &

B — 80 “C AR AE Y A28 i 5 B9 26 760 4T B I Ak HMB 38720 F1 HMB 38667 i aet Rl 48 #i B vk 4
T LB PR IR 5 (B AR 10 g, BERERY 5 g, NaCl 5 g, Bfig 15 g. 2818 7/K 1 000 mL, pH
B 7.0~7.2) I, FFAEQGOL2) CFAKIEFR, SR 50 B BB 7 4580 T LB WA KE 5% 55 (LB
S IR A MBE) . (30£2) “C. 180 r » min ¥R FE 48 h IR MK B bR A0 B SR, JF
R He bR o 5, G KBRS 1.0X10° cfu » mL', # 1.
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I T 2023 4F 3—6 H 7ET U4 A ARRE 2% Be A 4 O 47 W 52 T T =5 N kAT, 36 0 ) i 2 <
WA 26~29 C. ¥ 1 FAMBHEMKBE R T EAEHEROEA PR -E=1:1, Y,
HHE 1.5 k) R (FIREAR 12 cm, FJRER 15 cm, & 14 ec) W, B4 b, %
21 d J5 . B ARAKIEH K3 BOH Toh 0F S F AR MR AT A OGRS, B BEA 300 mL
(7 200 mmol « L' NaCl ¥ k. HBj ik ih 3 ik o b BRI K 46 220000 & T AR By & by R
BT S PR NAE BT, 24 bS5, R T AR W 2 A AT P B R B SR (R A 1.0 X
10° cfu » mI ") A Jhy it 6 28 F6LAF B T8 R DD RO A i e b B, T R LB VR AR 855 3% A S X
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AT R B IR0 d, 5 1 WD . RII21 d. 3 RS 7 DREBI (44 d, 6 WIS
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A T, A 10 mL 8§ 7K, 78 25 “C T HL 2L (DDSJ-308F, b i X AL BF 2 A 2% B 173
A RRARD I E T3 T, FRE A A K T 10 min, R HIZE 25 °C, FlllE B SR T2, it i
AR LR (%) = (T1/ T2) X100, HELMEME 3 . L4 REE.

I AR 2 R A T AR A (CHYM]-B, W V4G 35 = R B B A R A /D 4700 .
WE TP ETE WU 45, EE M e 4 3, 4 REX.

I F {8 (Soil and Plant Analyzer Development, SPAD) I &2 : % A SPAD i 4 3 nf- &%
R AL (SY-S02, A E WA A BR 2w 47 00E . 0 J7 2178 W3 Wl 45, & 5 &2 0 i
B3 b, akEL.
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A ALY B AL (superoxide dismutase, SOD) |, i ALY i (peroxidase, POD) |, KN & R fft &
fifi (phenylalanineammonialyase, PAL) FlZ I 5 L8 (polyphenol oxidase, PPO) By 4. Hrh,
MDA it AT L Z @R W, SOD & #:% l NBT i J5L 5, POD R I A &) AR By 1 6
WU PAL TE MR SR R S &R @5, PPO SR FH AR i vk 0 il
1.7 BEERBSERECHEMBHEE pH ENE

& b Ae N RSN R AT Ml b o ERR ARG 40 B R A9 KT B R B O #R 2 0.1 @),
IMAZEEAKOK L 5+ 1)y BEHBEFERRED 10 min LB T E § 5 3 h 5, A pH
AR BETH(PHS-25, BGRB8 B A R DI E pH . A 324000 E EC {A.
1.8 HiESH

& H Microsoft Excel 2016 #4784 28 4b B, SR SPSS 27.0 #44: %F B ¥ i 47 W 35 v e
B BUE LOEBIME iR 22 RR. H Origin 2019 FAAE KL Al A K 3 RIS P 1K o4 6 336 4 %) A
F 4 Canocob BYTUAT 43 #r (redundancy analysis, RDA)#EF7H%E.
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TEHE N 2 BB BB TR X BRATB A B 13,68 cm, BBk HMB 38720 &b AL
MR BE 14.25 cm, WHE HMB 38667 A0 FRADB A B 13.63 cm, £ &b B A] (1% 3 4 8 i A P2 1A
N2 S IR A R R, 7E R A T R S TR I (3 RE S 7 D b S R 2 R R A
Xof AR B B v T BRI RE HMIB38720 1B #k HMB 38667 19 37 A A1 X A& 4 e B2 43 531 o4
57.35% 1 69.72% , B X IR (33.99 %) 43 & & 68.73 % A1 100.76 % 5 £ ¥ it A 38 1 Bk 195 72 K
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(6 PRHET S 10 ) 2 A A T ik 5 7 T Ak L 04 T 2 I S R R A i EE 4TS 3 v TR R TR
I T Bk HMB 38667 4b F % 3 = T itk HMB 38720 4 ¥ ; B #& HMB 38720 F1# #% HMB 38667
F14) ) 255 39 RS AE R A R BE 4 R 91,95 % BT 154.84 %, He Xt IR (51.84 %) 43 4R 77.37 % I
198.69 % (&l D).
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SPAD fH. 4552 W, w1 . XA F SPAD {4 20.79, Efk HMB38720 Itk HMB38667
(it SPAD A 43 5l Ry 22.33 F1 22,39, bR A R EZR. PG RERE 7 D Wk
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i FH B Bk HMB38667 J&, A 1Y MDA & & 3 & T X BRAN PR, #2795 121.42% (K 5).
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B 7000,
120 | a
6000}
2100 1 % s 000]
* 80} b
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HMB38720 4t #L /) & B 2 EC {6, pH fH 73 4 4 401.67 ps/cm F 6.63, 5 XF MR 4b 2
(4 412.5ps » cm™ ' F1 6.80) 2 5 AN L% 5 B bk HMB38667 b F B 1 3 EC 8. pH {4351 K
3566.67ps + cm 16,48, BFEMT A IEAIE, EC M pH {E/ 5 FFE T 19.17% 1 0.32; & #f
Wbk HMB38667 b3 & i 5 51 EC 1 % IK T i HMB38720 43 (& 7).
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SR 60.25 % Rl 14.06 %6 2 A Tif £k B8 25 760 4T TR DA AR A 3L 2c A8 1 R A AR K SR 5 AR AR AR
TP A R A (7 T AR - SPAD B . BT RS AE X A KR B 5 i 9 SOD, POD, PAL,
PPO 1% J) 2 EAHSE, Hrh 5ty SPAD fHAHSC M e o 5 I R A6 L S 3R A G A 5 (8] 8).
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AR D, EM NSV RY, ER . BN a &0 B A KR E OB i 2 A
AR, TR E E A R, WA A AR KT EE SRR, RS e
6.7 g+ kg 'HYERIME T . 7E [ H € 00 UE B 2 AT ACCC19743 REAS 1 % £t o AH ) 2E
K E SN RV, ERE BN 0.42 % M E & SR B0 N, 7 4 AR S it 4 XL
B 1A 0 WS R 6L 2 A FF R YB AR A% B S 4R v R SRR S i 11,43 00 R 32,2704, MY
EREARAE D) R AR HE AR AR AT AR IR A R R WY, W30 T 4 AR R i HMB38720 I
HMB38667 Wi Rl ifif £ Bk 24 61 KT & 041 bk - RE 6% S 35 5 = 0 248 0% 37 A RE 6P 2B K I B8 (77,37 %0 il
198.69 %), b 35 $1& v  1E AL (50,61 %0 A1 38.35 %) Al it i SPAD {H (22.40 % F1 16.60%). X — &4
SUE WY HEC A 2 A i b B 20 A0 T B TR R X R e 3 T A 4 il R A K LA T T R

DA 35 85 AR A R A T SR T BRI 25 4 RO At k. MDA Filnt
R R R S W 38 5 A A A2 R B A B AR, [RIE S TR X 5 A, AR A4
FE A B AR B R AT AT, bl SOD. POD. PAL fil PPO™ . EFFEMWF 58 £ 0 . 783 Mo &4
T TE/NE G ETAREE LI N R WP-8 5 W EFEAR TN E LA S MDA & i 29.55%, [AE
R POD & i i 548 . RIS B R B, 76 1.5 % NaCl BHa R, 78 F KR 58 it A
FLZEFRFT I NY-06 GBI BE AR £ oK i A A G i 5% 11,1 26000, s S5 i A o R B, it A A
FIBE NS 0 25 $2 = 45 46 1 R Y SOD #1 POD 3§ 30, k57 48 458 i iiF 95 3R BH it IR 524095 & DZ
AR %5 B 77 MM 5 35 45 b 9 PAL AT PPO 3G PE T, HOWHE A A= KA B AR b 7R T A
WFFT 4G S 2 0T, b W a6 R 4 25 MR 3 it B bk HMIB38720 ] W 3% & % 85 45 "t &+ MDA & &
(18.1 %) A - AH X HL 5 38 (30.00 260 » 33X 15 W] 120 TR R Ak 245 38 in 1 I 4 i 62 1 5 Pk D%
TR R R H At NS A AL i R L it TR R HHMIB38667 J5 . I A R ) MDA B i I 3 1 i
B, 3 R S S T AN B ER T A R S ACAE R R S R R YOG R R R LB
FRARL s & Bt FH 2 7 A 24 400 1 70 ) 790 AN 224 B 2 B RE I 25 SR AR IR 5 B X R G R
S5 B AR HMB38667 iR A5 3¢, T if — B 0Fss ik 8. Mt 2 B £5 0 25 160 FF 74 08 A
H 2 B T A AT Y 4 RS ), X — 25 AU WY 2 i B 2 A6 T TR TR PR 34 0 A
Yram ke ) T R E T, BRTT SR,

+ 38 CE {E A pH {f 2 fir i + 38 8 1 00 19 5 2246 . 5K 56l 55 19 BF o2 R B it &2 & ik
YR 7 BL AL FE AT G R SR AR BR 5 EC A 9.34% . pH {H 0.14 A~ B B 45 1Y AfF 58
2 WY 7 4 7 R S it o =X 400 7 B TR R WS RN A ZF FLFT R YB ORI DL I 3 IR 0% EC fH
26.32 % F1 pH A 0.09 ALY ARBFST A R R, FEERM AT, T8 45 AR AR E it 2 P it
B 2 FLFT TR B AR I P RR HMIB38667 Ab B fE b 3 MR & i 2 it EC {8 19.17% . pH {H 0.32, {H
B AR HMB38720 Ab 3 P ™ 48 A5 AL A — 22 980/ A8CR AR 52wl A W 2 Ul W1 19 4 3 4 68 6l 28 6 A
BRI A AR A (KR B T 3 T 190 5 R R R R T T A A T A Y 22 5

T A AR ) A B B AR P A DN S DR DG e BT R B A AR AR IR AR B S AE L R A
T bR B AR B OCHR BEATVE ], ANAFGE 4 R W], R a8 T o 75 % 20 AR 0 30 i o8 it A3t il 1y 2 o it
AR ZE AT T bR S A e SPAD B, MR T AR S AP A N SOD, POD, PAL 1 PPO i
PERIEMIE, X —S5 R UCBH7EER M8 T (R0 2 ATt 55 0 25 f AT B P ik T Bl o 8 n 4 2 vt
PR I D T 0 ke iR R AR P S A G AR v R 2 A PR Y T R

25 LRTIR  FEER A T L A 7 A AR K 0 2 R T SR AT B TR AR B SRR 44 d S Y
Al W L A A A K L M A i AR, A SPAD M, 3 R AR A MDA & 4 i
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