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Application of Bacillus subtilis B2-GFP to Promote Growth of
Sweet Pepper Seedlings
ZHAO Li, SHANG Ye, YAN Gengyang, LIU Ju, ZHANG Juping*

(College of Horticulture and Plant Protection, Henan University of Science and Technology, Luoyang, Henan 471000, China)
Abstract: [ Objective]l Effects of applying Bacillus subtilis B2-GFP culture broth on the growth and physiology of sweet
pepper seedlings were studied. [Methods] In a pot experiment, seedlings of sweet pepper Shuoyuan 808 were treated with B.
subtilis B2-GFP culture broths at the concentrations of 1 X 10° CFU-mL ™" (T1), 1X10°CFU-mL"' (T2), 1 X 10’ CFU-mL™" (T3),
and 1X10° CFU-mL™" (T4), along with non-treatment control (CK). The transplanted sweet pepper seedlings were given 5 mL
1X 10°CFU-mL" B2-GFP culture broth every 7 d for 3 times. Growth index, biomass accumulation, leaf photosynthesis, and
chlorophyll fluorescence parameters as well as antioxidant enzyme activities, morphological formation, and root vitality of the
plants were monitored at 21 d. [Results] Application of the B2-GFP culture broth increased the plant height and biomass as
well as the leaf area and chlorophyll content over CK. The greatest effect was observed under T2, which also accentuated the
leaf transpiration rate (7}), stomatal conductance (G,), maximum fluorescence (F,,), photosystem II potential Activity (@pgy;),
and photochemical fluorescence quenching coefficient (¢P) as well as the activities of peroxidase (POD), catalase (CAT),
superoxide dismutase (SOD), phenylalanine ammonia lyase (PAL), and polyphenol oxidase (PPO) in the roots but reduced the
intercellular CO, concentration (C;) and chlorophyll basic fluorescence (F,). [ Conclusion] When the transplanted sweet

pepper seedlings were given 1 X 10° CFU'mL™' B2-GFP culture broth, all monitored indicators on the plant growth and root
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development including leaf photosynthetic parameters and biomass and root antioxidant enzymes activities and vitality were

significantly improved in 3 weeks.

Key words: Bacillus subtilis; sweet pepper; growth; physiology; photosynthesis
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fE2S, Hh T2 ke &R, H CKIEMm 22.52%,
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Table 1 Effect of B2-GFP culture broth application on growth of sweet pepper seedlings

sl PR EXil AR AR FR AR
Treatment Plant height/cm Stem diameter/mm Leaf area/cm’ SPAD

CK 11.90+0.10d 4.0510.20 ab 15.79+0.55 ¢ 45.691£0.26 b

Tl 13.60+0.24 b 3.9410.10 be 18.07£1.09b 47.4240.79 ab

T2 14.58+0.27 a 435+020a 20.62+1.16a 48.12%£1.09a

T3 12.98+0.26 ¢ 3.53+£0.20d 18.06+1.19b 47.67+0.82 ab

T4 12.10£0.17d 3.60+0.25 cd 16.69+0.88 be 47.58+1.54 ab

FIZANE NG FBERIRAE0.05 AT I ZE - B . T RIF.

Data with different lowercase letters on same column indicate significant differences at P<<0.05. Same for below.



54 1

RAE: A EFTATHE B2-GFP B kst &l sh 9 A KA £ A 69 %ok 451

2.2 MEFMEATE B2-GFP Eik & BRI ML M E
=ppA )

HH &1 AT, ASTRD MR B AL B2 FAT T B2-GFP &
T AR VEE AR Ak 3L XGT T ARUAE Sk (5 ) AN [R] . T2 B IR
R Hb b Rk TR S B A T B R A W T CK.
25 b 38 Y b - AR T Y R 2 = T CK, T2 A RITAR
FE bR b b 6 T A K, Lk CK Ry 48.05%, 5 TI.
T4 fb 3 22 5 B3k B E K (B 1A); T1. T2, T3
A 3 RO bR MR BB & BT i 2 3 T CK,

10
A
a
gl = ab
&0 b ==
= c
®E | g T
=8 '% - A1
=L | [F
2
HE 4l
25
[5)
>
o
O
< o
0
CK T1 T2 T3 T4
Kb Treatment
1.5¢
C
QD a
é 1.0 -'i- + b b
il T
\th z - T =
i c
=% T
= 8 -
=
=]
z 05
=
0
CK T1 T2 T3 T4
Kb Treatment

T2 By AR R, b CK & 76.15%, T4 5 CK
ZSARE (B 1B); 254 FAE R A H b3 1 5 i
5 CK A7 &2, H T2 i BTk,
H CK 5 46.74%, 5T, T3, T4 2383 (K 1C);
ANTF AL B A AE AR M T AT R R R A 2 R, (HH
A T2 B EM T CK, b CK & 57.96%, CKAlT25
Tl. T3, T4 b¥Ry 2R ARE (B 1D), Al L,
T2 7] &g 2 SEFARUAE D i AR B, T4 X ST T 56
A AR R R ROR A

5r

B a
| Il
%ﬂ ab J_
on —
k5] b
i = = .
e 3T ==
gf | £ T
=]
o 1
=5, [L l
=2 “f
o
[}
s
5
1 L
0
CK T1 T2 T3 T4
Kb Treatment
04
D
a
0.3 T

tH=
-

%]
H

T
i

=

R T
Underground dry mass/g
S
[ ]

e

CK T1 T2 T3 T4
AbFE Treatment

NENGFRRRIE 0.05 KT LESEE. TEME.
Data with different lowercase letters indicate significant differences at P<<0.05. Same for below.
1 FHEIFFRITE B2-GFP B & BT MU E M 2 R0
Fig. 1 Effect of B2-GFP culture broth on biomass of sweet pepper seedlings
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Fig. 2 Effect of B2-GFP culture broth on leaf photosynthetic characteristics of sweet pepper seedlings

£ 9.41% (K 2D ). WULTBERA, T2 s FHAH o6
BAE RO BT, T4 XFEAU a6 1E B 052 sk
P&
2.4 FEEZFHATE B2-GFP Bk & B X B HIAH B
FERASENE N

M 2050, 5 CKAMIEL, T2 &b A9 & A
A OF, 8 F AR 11.72%; T2, T3 AL F, 35
CK 513, T2 8{EH K, b CKIEM 17.64%;
HAE) F/F, 5 CKAHL Y E R EMEEZR, T2

B A K, o 0.831; T1. T2, T3 Ak B K dpgy
¥ CK K, T2 W& 3.65%; ki B2-GFP Btk &
TR VA B2 1 356 0 g P 1) (L 2 B S T o PR A
P T2 fEER, b CK B E PN 4.48%; 45 AbHE
B NPQ 5 CK Z R AR T2 AIE Fr. @psyr
FJF,. qP. NPQBUH¥ It CK i, KW T2 kb HEfE
RE ARG R AU R R 4 G R B AR |L, IR AL AT
HE T AR R

R2 WEZFEATE B2-GFP E k& B R FH B A TR RIS B0
Table 2 Effect of B2-GFP culture broth on leaf chlorophyll fluorescence parameters of sweet pepper seedlings

S 4 2R AR Al YN PSTI & RkfE PS I 5:FR F A ISR e
Treatment WIGF, Fy B EF JFy 2 Dpg PR 7Kg P PER I ZENPQ
CK 39954140 a 19308+1632 b 0.82540.004 abc 0.52040.008 be 0.670.006 b 1.54+0.13 a
T1 381195 ab 20334£1103 ab 0.827£0.006 ab 0.533£0.012 ab 0.690.006 a 1.57£0.25a
T2 3576+197b 22714+1638 a 0.83140.001 a 0.53940.006 a 0.70+0.012 a 1.81+£0.16 a
T3 3818163 ab 22610£496 a 0.8200.002 ¢ 0.52540.004 abc 0.65+0.015 ¢ 1.94+0.08 a
T4 38224146 ab 21450£2207 ab 0.82240.001 be 0.51140.014 ¢ 0.64%0.010 ¢ 1.69+0.40 a
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Fig. 3 Effect of B2-GFP culture broth on root antioxidase activity of sweet pepper seedlings
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ek oA
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Table 3 Effect of B2-GFP culture broth on growth of sweet pepper seedling roots

AbFE ISYIiSS HRER AR HRF B RRH 7 XK
Treatment Length/cm Surf area/em’ Root volume/cm’ Tips Forks

CK 43524+41.12b 55.16£5.93 b 0.642%0.092 be 1737£175b 2024£651 ab

Tl 498.32+£57.70 ab 7420x11.64a 0.757%0.075 ab 1401+182b 1802£405 ab

T2 564.47+48.07 a 70.96+9.45 ab 0.881+0.110a 2179%273 a 2607768 a

T3 449.931£85.85b 5331£7.19b 0.631£0.134 be 1553+112b 2039£793 ab

T4 388.92+35.59b 53.39+9.88b 0.543£0.097 ¢ 1543+218b 1405+426 b
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Fig. 4 Scanning image of sweet pepper roots treated with B2-GFP culture broth
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Fig. 5 Effect of B2-GFP culture broth on activity of sweet
pepper seedling roots
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