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SO, BEARF T ZFMAT B AT LR SRR N KA W &, 8 CC I, ZEMOAT WAL B EOK ZF T E A
24,42%~38.37% K HEAN 1. 99% ~16. 50 % AR SOD iG VLR 6. 61% ~14. 10% . ZE Al MEE A & &
PR 41.19% ~50.05% , ERZEI O, T RmBEAE T 14. 71% ~24.32% . 3 Fh & JAF 16 77 LU SRR hE T %
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HVE ik JC LW b A AL 55 O X BS A #0877 )
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P TR AR e R 335,

ZF M AT T T Bl A ZF M AT TS (Bacillus sp.
NECC10713,Bsp713) Fl f#t 3& #3 2F Mo #T i ( Bacil-
lus amylolique faciens NECC10717,Bam717) , 1
BTN — A B R E ORS00 = A A7 7 B 2lifk
Y BT A5 s Al R ZE M AF T (Bacillus sp. sn62,
SN62) Sy ¥ FH Ak R 27 A %5 28 i i L F 52 141 BA
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190 remin ' FEIRIR T 1535 15 h 4 70, Bhik fa 3¢
YL B R K Bl T 4 1090 RS TR BN A T
10 min, SR J5 25 8 F/K R & ke, AT 70 B 2R
107 cfuemL' /) 3 Fh 2F AT IR Al 12 h J5 4393l
NS UEACH K 2 &L B A 20 L DLAEE
R B K A X R 78 N TSR 3748 65 %0 18
25 CHER R AKZEZFK 2 cm. 24 h 34512
Wk s 8,15 Fn 25 Cla, 3 IREE . B K HFRE
PANTE R ZFEE TR K. 7 d JE BOBE I E 4 48
Fr.3 EL,
1.2.2 MERB ZFF  BEHLBEBCR [ 40 B
B ZF ) oK 45 5 kRN E 7 d SEATAR K L ZFE K
W 5 W oK 2 3R TR /K 43, FR 25 6 A 6 75 %
FEAAE 105 ‘CHEAE R 2R 7 20 min JiCE 80 “CHE+
FHE PR T E R TE.

BRI 38 7 d A R R AR B B 25, 4 il R
FH 2030 O g v s SOD 3 5 R g 482 XU
(735 5 APX T 5 SR #8804k ikt
FE AR B T (O Fr 2 5 SR O b fa vkl 2 T
VRS o B R I E DT 5T G250 HL 8
EEEE A S R
1.2.3 # %44  SRH SPSS 22, 0 #1745
P4 HT - % Origin 2019b 32Bit #AHER .

2 HR590r
2.1 FHREABEEREY
=4

R 1 Al g, EORMK AR 68 R T 382
K 2Rl HOFZE T W R O B AR 2 R R
POFEARTRR BT 2F B AT B AT DL & KRR K AR
et MR CERK CFEREE MR,

25 CAEHR, 3 28 M AF B B OR AR K AR
fif T AR T E RN 2F T E R oA S KO (EL Al
ZEROR ZF i F5 @ 3 . Bsp713. Bam717 Al
SN62 ZER 4090 e X B3 T 7. 43% .4, 57 %
6. 13% ., 2 fif 5 43 B bb X B8 48 i T 12.60% .
8.60% .10.60%,

15 CALFETR .3 FP2E A B T LA B35 38 & &
KA K, 5 X B AH L Bsp713, Bam717 il SN62
AEFRAR KB B 10, 36 % ~ 20. 06 %, K3 ff 34 fin
8.71%~21.61% ARTHIE i 7. 22%6 ~20. 91% 2
KB I 9. 15% ~ 14. 43% | 2F & 5 34 i 11, 43% ~
23. 1% ZETEIEIN 12. 77%~18. 24 %,

8 CALHET , 3 Fh 2F Mo #F b v] LLUE &5 E K AR
KOREE RTE K FHFREMNGTE, 5XF
HEAH Hb Bsp713. Bam717., SN62 Ab B AR K 3 i
1.99% ~16. 50 %% . R fif 75 384 i 8. 56 % ~42. 78 %%,
M ERAN 12. 10% ~81. 45 % K1 hn6. 09 % ~
19.45% ZEBET I 19. 25% ~26. 74 % . H T &
W 24, 42%~38.37%,

BT EXRFHERKH

1 FEABREREDETHERFHERKNZI

WE/C kb AL /em A /g

RTE/g

K /cm /g ZETHE/g

8 X 1R 5.0340.306 b 0.18740.025 b 0.0124=0.
Bsp713 5.1340.252 ab 0.2034+0.012 b 0.0139+0.

Bam?717  5.17£0.513 ab 0.22340.035 ab 0.017640.

SN62 5.8640.451 a  0.26720.025a 0.0225=0.

15 Xt B 9.2740.306 b 0.310+0.010 b 0.0263=+0.
Bsp713  10.77£0.569 a  0.33740.012 ab 0.028240.

Bam?717 10.23£0.929 ab 0.35040. 036 ab 0.028440.

SN62  11.1340.751a  0.377%0.031 a 0.0318=0.

25 pogiict 15.2340.473 a  0.41320.047 a 0. 0386=0.
Bsp713  15.93£0.603 a  0.45740.135 a 0.040240.

Bam?717 15.20£0.656 a  0.45340.100 a 0.0397=0.

SN62  15.8340.306 a  0.47320.096 a 0.0397=0.

002 b 6.1740.208 b 0.18740.025 b  0.017240.003 b
002 b 6.5740.305b  0.22740.021 ab 0.023840.004 a
005 ab 7.0740.153 a  0.22340.015 ab 0.02144-0. 001 ab
00la 7.37£0.306a 0.237£0.031a 0.0219%0.003 ab
002 b 10.6040.500 b 0.35040.036 b 0.032940.001 b
002 b 12.1340.451a  0.39040.036 ab 0.03894-0.002 a
001 b 12.0040.458 a  0.43340.025a 0.037140.002 a
002 a 11.5740.551a  0.42740.047 a  0.038420.002 a
005 a 15.33£0.551 b 0.500£0.026 b 0.0471£0.004 a
012 a 16.4740.152a 0.56340.025a 0.053840.012 a
013 a 16.0340.306 a  0.54340.035 ab 0.052240.015 a

009 a 16.2740.208 a  0.55340.035 ab 0.054540.003 a

U RN SRR P<0.05 KPR EE. FH.
2.2 FHAREEREMETHEXRFHESRN
) 7 K B i 1% (SOD) B9 4 1
2.2.1 EKRFH SOD EH WK 1A Al %, K
TR 38 T ZE AT B RT AN £ K 2 SOD 36 4
12

25,15 F1 8 C B 3 F ZF £ AT 17 b BH 9 £ K 28 34
SOD 7 ¥4 43 5 b X B 42 5 4. 95% ~ 14. 83%%,
7.96%~20. 40 % F1 7. 17 % ~11. 21 % ; 5% & 25
18 °CHt Xt BEAH [t , Bsp713.Bam717 .SN62 &b 3
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196 oK 2 48 SOD ¥ 43 I 4 7 T 22, 53%.
35.16% .36.26 % 1 31.32%,

2.2.2 BRI SOD & ZFHIFFIE AT LB
HREB SOD 15 (B 1B) . 25 °C i 25 i AT 7 40 B
F oK MR F SOD 7% P X B4 & 5. 1600 ~
10. 8% 515 °C i SOD i 1 etk FE i 5 10, 14 % ~

13.36% ;8 “CHIA: R ZE JUAF R SN62 {2 25 2 = AR
Z 1 SOD 6Pk, Xt B 48 5= 14. 10 %03 Bsp713 I
Bam717 43 51 Ho X BB =5 9. 6920 F11 6. 6120, &
KR 8 C &b P 25 °C BF X 5 4b B AH L,
FARARFRSOD 16 43 Bl #E = T 6. 572%0.16. 9%,
13.62%F1 21. 6%,
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T A F/NG 5 B 375 ] — M BE R A [7) Ak B0 i) 22 57t 1 3% (P<C0. 05) . Rl

2.3 FHRABEAMBEBME T EXRFHRAM
BT | AL Y B (APX) 7E 1M B 52 M

2.3.1 EKR¥H APXFMH HE 2A WAL HE
T B (4 AT K 2R3 APX I M B Wi . 25 CF
XA PR ZEAS APX 3G M 270,89 Ue-g', 15 Al
8 CAb R Xf R AL 2R3 APX Jf M40l Lk 25 °C
St HBAE S 19. 11% 0 37. 12% ;25 “CHF 3 F2E iy
FFE AL B A E K 28 358 APX 36 M, Lo v IR 42 5
18.25% ~31. 79% ;15 °C F 2f ffd ¥F 15 4b BH % 3B
APX 1EPE LX) AR B 10.12%~22.83% ;8 CF
E M OFF B AL BRZE G APX 3R M b X BB 42 &
23.33%~31.50%,

2.3.2 ERAMRI APX EH h® 2B 0] A4, A
[F] 3 B2 R EOKRAR A APX 36 M AN 6] . 25 “C a3 #p
ZF HOFF A A0 3B EORAR BB APX 6 M Eb X IR 4 e
19.19% ~44. 11%; 15 ‘C F 3 F ZF I 4T & 4
A EORAR . APX 36 M b Xt B4R = 3. 4200 ~
21.72% ;8 “CF ZF AT B AL BRAR 3 APX 36 1 He
X R 3. 26 % ~20.53%,

2.4 FHEABRAREMDE T EXFHTRNY
EASENEIE

2.4.1 ERFFTAEBREGLSE HKE AT
1,25 CCHT 3 B 2F BT P A B A K 2538 AT %
EET RIS 1. 21%~23.16%; B &
JE REAR , 2F M AT B8 A B S 5 OK ZE 0 AT s PR b
PE IR EEYG N, 15 CTF 3 Fh 2 B AT 1A Ak 2 255 AT
VSRR (i o IR R 1L 9690 ~39. 26005 2F
MR R 75 8 °C i i o] AR o EORTTIR R A &
1,8 CF ZE AT B AL B R OK ZE S AT iE M A
B IR B 41,19 % ~50.05% .,
2.4.2 EARABIFTAEMREGSLSE HE BA
L5 25 CREFEAH L .15 A1 8 “CAb AR 2wl i
B SR ERm. 25 C i 2F AT B AL B ] LA
BER A EORRE A E A S &, 3 Fh AT
BRI AL B 1) T P R A i L IR AR 23, 49060 ~
52.11% ., 15 Fi1 8 °CF 25 M T 5 Ab B T K AR AT
Vo I R A O IR 4R 6. 1296 ~10. 79 %
Ml 4.68%~21.75%,
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14

S T VA M AR 43 ) B BE R 34, 606 ~48. 08 %%
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2.5.2 EARMBTHEEEASE MHIE 4B AT,
Wil 5 T R T AR A oK AR T i M B A A v
Jn. ZFE MR B AT DL B v AR R AT R A L, 25 °C
BF 3 i 28 MO AT T Ah 3 6 KRS AT ¥ PR B Lo BR 4
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Alleviation Effect of Bacillus on Low Temperature Stress
in Maize Germination Stage

ZHANG Xu' ,MA Ting-yu' , WANG Yu-feng'’ , YANG Ke-jun'*
(1. Agricultural College, Heilongjiang Bayi Agricultural University, Daqing 163319, China; 2. Key Laboratory
of Modern Agricultural Cultivation Techniques and Crop Germplasm Improvement in Heilongjiang Province,

Daqing 163319, China)

Abstract: In order to improve the low temperature tolerance of maize, this study took maize variety Xianyu 335
as the experimental material to determine the dry and fresh weight of buds, dry and fresh weight of roots,
enzyme activity and osmotic adjustment substance content after treatment with three kinds of Bacillus under
low temperature stress, so as to explore the effect of Bacillus on the growth of maize under low temperature
stress. The results showed that Bacillus could promote the germination of maize seeds under low temperature.
At 8 “C,the dry weight of buds increased by 24. 42 %-38. 37 % , the root length increased by 1.99%-16.50% ,
the SOD activity in roots increased by 6. 61%-14. 10% , the soluble protein content in buds increased by
41.19%-50. 05% , and the O, content in buds decreased by 14. 71%-24. 32%. These three Bacillus species
could improve the antioxidant enzyme activity of maize under low temperature stress, reduce the damage of
superoxideanion,and increase the osmotic adjustment ability, promote growth and development of maize and
alleviate the damage caused by low temperature stress.
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