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Abstract In order to develop a new type of microbial herbicide, the germination bag method was used to
determine the inhibition activity of Bacillus altitudinis D30202 on weed seed germination and seedling growth.
The herbicidal spectrum and crop safety of different organic solvent extracts were determined and evaluated by
stem and leaf spray method in pot experiment. Volunteer rape ( Brassica napus L.) was used as the test weed to
explore the herbicidal mechanism of active strains. The results showed that n-butanol extracts of the fermentation
broth of D30202 had the most significant herbicidal activity against cruciferous weed volunteer rape and showed
high safety against highland barley ( Hordeum vulgare var. coeleste) and wheat ( Triticum aestivum L.).
However, the content of malondialdehyde (MDA) and the activities of antioxidant enzymes (SOD, POD, CAT)
in volunteer rape treated with n-butanol extract showed a continuous downward trend, indicating that the strain
may inhibit the weed by affecting the metabolic processes such as photosynthesis. In summary, B. altitudinis
D30202 can be developed as a biological herbicide for cruciferous weeds in gramineous crop fields.
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Table 1 The phytotoxicity classification standard
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Table 2 Inhibition on wild oat root and sprout by fermentation extract of strain D30202

E T A LI LRI
Heps ) N-butanol extracts Ethyl acetate extracts

mg * mL ! < K 2 R
neaenion B/ g HU gl R g e
RLIR B SLIR RLIR SLIR

0 (8.25+0.38)a - (7.03240.51)ab - (8.25+0.38)a - (7.03£0.51)a —
5 (5.97£0.72)b 27.63 (8.29=+1.17a —17.9 (7.72£1.0D)a 11. 88 (7.122£0.66)a —1.28
10 (3.22+£0.46)c 60. 97 (6.13£0.74)b 12.80  (7.52+£0.16)a 8. 58 (4.85+1.10)b 31.01
20 (1.24=£0.18)d 84.97 (3.722£0.65)c 47.08  (4.46=30.34)b 45.94 (3.51£0.29)¢ 50. 07
50 (1. 0740. 42)d 87.03 (2.1240. 20)d 69.84  (2.5840.29)¢c 68.72 (2.35740. 14)c 66.57

D Fh sl o E bR . RS PR A #2784 Duncan & & 2 KB 7E P<<0. 05 /K P25 8 %, RLARK ; RLIR. AR K 4

F;SLZEKG SLIR ZER MR, R,

The data in the table are the mean=standard deviation. Different letters in the same column indicate significant differences at 0. 05 level by
Duncan’s new multiple range method. RL: Root length; RLIR: Root length inhibition rate; SL: Sprout length; SLIR: Sprout length inhi-

bition rate. The same applies below.
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FH 7€ 50 mg/mL B2 T A A SR i & .
PRI, 6 S 83 60 IO 328 438 4110 R 0 P 26 v 1) OE T 2
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Table 3 Inhibition on volunteer oilseed rape root and sprout by fermentation extract of strain D30202

IE T EEZEHY) TR BRFEIY)
s/ N-butanol extracts Ethyl acetate extracts

mg » mL~! K- K K- HEK
L L L A L
B RLIR B SLIR B RLIR B SLIR

0 (8.61£0.63)a - (2.77£0.42)a — (8.61£0.63)a — (2.77%£0.42)a —
5 (1.58+0.940)b 81. 64 (1.34=£0.38)b 51. 26 (8.14=£1.63)a 5.45 (1.93£0.17)b 30. 32
10 (0.56+0.28)b 95. 50 (0.55+1.08)¢ 80. 14 (5.36+0.83)b 37.74 (1.51£0. 25)b 45. 49
20 (OF 100 (0. 2640.12)c 90. 61 (2.66+1.2Dc  69.11 (0. 8540. 14)c 69. 31
50 (OF 100 0)d 100 (1.9340.90)c  77.58 (0. 9140. 04)c 67.51

2.2 ¥k D30202 ET EERERUI AR EE WAL IE 7 d J5 45 R BoRs WK 2l 40 mg/mL 1Y 1E

PpaeAE | A AR B B IR AR R gk
Bk 10,20 mg/mL Fl 40 mg/mL [ 1E T % )

TR WO A LR b BT RV AE TR
PR AR BE 1A B 250 2 P AE R G 2 B | AR
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Effect of n-butanol extracts of strain D30202
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Table 4 Occurence level of weeds after treated by n-butanol
extracts with different concentrations of strain D30202
FER SR
Occurence level of weeds

10 mg/mL 20 mg/ml. 40 mg/mL

P e
The tested weed

[ 4132 Brassica napus 6 4 1
Bfatesds Avena fatua 9 8 8
#i Chenopodium album 9 8 5
AT ZE Elsholtzia densa 9 9 5
BRI Galium spurium 9 9 9

TR EC 1459 NE HH 38 Mk Hi 14
5725 E RERE R IE T A A Y AR B B T
MANEE . fE 40 mg/mL IET FEAE BUPIR AL BE T
TR F 25 T AEAR W] 2 L SR B M RO TG 2
B IR A B e AR R AL B A
AR ZE IS A, B2 25T B2 55 R f bk
PET s T BRI Sk 2k, A it Qv T 4y, 1 A5 /22
MR I A . AR A B BE R 2 T B
Wt & I 18] /Y HE £% . JE AR k. 7E 10 mg/mL A
20 mg/mL IE T FEAEHCPIR AL BT . TR M A i
B BRE i AR R 5 R A M TR R AT A
RRFI/NZ A9 25 FAERA W] L AR B A % A
FACBE T B o AL 5 i 2R B B I 2 IR
(F£5),

RS ATREIREE D30202 ETEZERYN R EEMH R E TN

Table 5 Safety evaluation of n-butanol extracts of strain D30202 with different concentrations on different crops

2 HE R

14 Phytotoxicity grade AR
Crop Symptom
0 10 20 40

K Zea mays — + ++ +++ 10 mg/mL AP H BEE £, Tl . 20 mg/ml b FH - 1 46 i 2 b
#F Chenopodium quinoa — ++ ++ 444+ 10 mg/mL Fl 20 mg/mL Zb BRI B TAl  ZE5FF 2R
HHE Hordeum vulgare — — — T+ 10 mg/mL £ 20 mg/mL AbBRA F H B AL AL B i
INFE Triticum aestivum = aF aF AFAE 10 mg/mL F 20 mg/mL &b IH-I 4k , 28 Al
% 5. Vicia faba = = = = 10 mg/mL Fi1 20 mg/mL LZbFHZ2 4> , TCF

IR R R, 40 mg/mL 1E T EEAE U R
X FEARAEY) FOKFIREZZ 25K W2 XN E FIE R
2 A R LA UL BE LR IR T AR
WUV WA B A S H R B bR T E AR A R 7
10 mg/mL 120 mg/mL T, 1E T F5 & B 1% 05t
HRRAIA B %4 M B oK NERBE R — 2y
B N E bR 2% R BT e A7 | AR AR A o B R 5 R
EEREEA P C e N

XA E LMK EEENIERTUHNE
=] A 2RI SRAE Wil R bk D30202 1E T B AE
B 9 8 d A L R A S 2R LA A4 A2
et oLan ~ (& 2).

ZERIPR D30202 1E T MR A U b L f) 1 AR 3l
i FL RN 1 (MDA 5 1B 2 i 100 BRALAE L
ZOE T BB AR A AE 1~3 d N &2
Jil 17t 3 d USRS TR T R (H AR AOK P
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Fig. 2 Changes of physiological and biochemical indexes of volunteer rape treated with n-butanol extract of strain D30202
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