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Screening of plant growth-promoting rhizobacterium with salt
tolerance from rhizosphere

CHEN Yanhong, LIN Hongping, XU Suqi, QIU Yuchun, LI Shuangyu, LI Jiayi, LU Dongmei

School of Life Science and Technology, Lingnan Normal University, Zhanjiang 524048, Guangdong, China

Abstract: [Objective] To study the mechanism of plant growth-promoting rhizobacterium
(PGPR) in the rhizosphere of sea rice and the effects of PGPR on the growth of terrestrial crops
under salt stress. [Methods] The salt tolerance, alkali-reducing ability, and plant
growth-promoting effect were determined for 15 bacterial strains isolated from the rhizosphere
soil of sea rice. Highly active strains were selected for species identification and construction
of a consortium. The effect of the consortium on the seed germination of mung bean was
verified. [Results] The 15 strains of PGPR were moderately halophilic and strain SL-1 was an
extreme halophile among them. Four halophilic strains had alkali tolerance and
alkali-degrading effect, among which strain SH-3 had the highest alkali-degrading effect
(16.83%). These four strains demonstrated different plant growth-promoting effects. All the
strains could produce extracellular polymers (EPS), and strain SH-3 had the highest EPS
production (0.47 g/g). The strains were capable of producing indole-3-acetic acid (IAA), with
the yields between 0.70 mg/L and 1.48 mg/L. Three highly active strains SL-1, SM-1 and SH-3
belonging to Bacillus and Enterobacter were used to construct a consortium. Seed germination
experiments showed that PGPR and the consortium promoted the seed germination of mung
bean under salt stress. Moreover, the consortium showcased stronger promoting effect on seed
germination than single PGPR. Compared with the control group, the consortium was more
effective at the salt concentration of 15 g/L. Specifically, it improved the root length,
germination rate, and simplified vitality index, while decreasing the relative salt injure rate
from 80.53% to 18.95% and increasing the salt tolerance threshold of mung bean seeds from
10 g/L to 15 g/L. The data indicated that strains of the consortium coordinated to promote the
seed germination of mung bean. The correlation analysis showed a strong positive correlation
between EPS and IAA, both of which promoted the seed germination, growth, and development
of mung bean under salt stress. [Conclusion] Strains SL-1, SM-1 and SH-3 had strong
halophilicity, alkali tolerance, and abilities of degrading alkali, producing EPS and IAA, and
promoting plant growth. The findings provide a scientific basis for the rational development
and utilization of soil microbial resources and the improvement of saline-alkali soil
environment.

Keywords: sea rice; plant growth-promoting rhizobacterium (PGPR) with saline-alkali tolerance;
construction of consortium; mechanisms of salt tolerance and plant growth-promoting effect
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Number and species of salt-tolerant bacteria in different soil environments. A: Number of

salt-tolerant bacteria in different soil environments; B: Species of salt-tolerant bacteria in different soil
environments. Different lowercase letters above bars indicate the significant difference for the same index

among different samples (P<0.05).
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Figure 2 Salt tolerance capacity of PGPR. A: Sample IS; B: Sample SL; C: Sample SM; D: Sample SH.
Different lowercase letters above bars indicate the significant difference among the different concentrations

of salt (P<0.05).
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Figure 3 The alkalinity reduction ability of PGPR.
Different lowercase letters above bars indicate the
significant difference for the same index among
different strains (P<0.05).
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Figure 4 Effect on EPS production by PGPR
under salt stress. Different lowercase letters above
bars indicate the significant difference for the same
index among different strains (P<0.05).
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Figure 5 Effect on TAA production by PGPR
under salt stress. Different lowercase letters above
bars indicate the significant difference for the same
index among different strains (P<0.05).
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$199.93% . 99.52%F1 99.59%, DN UL AT LK E
Ak SL-1, SM-1 F1 SH-3 4351 2k &l 2 4R 28 7Y
¥ & (B. paramycoides) . i % K 7 T H (E.
quasihormaechei) A &l # Ik 2F 1 #F @& (B.
paramycoides).

x1 EEES

2.6 EHBMET PGPR EAFEAEE MR

ER 38 0 Fh 1 e R e R B 5 R MR
KW B 5 LR 1A O, AR K (root
length, RL), A& %f*(germination rate, GR), fij
Ab3% 148 8 (simplified vigor index, SVI)FIHH X}
£hE K (relative salt injury rate, RI)HLk &1
i £ PR PP A B B R bR . A [V ER A R
PGPR e H A 5 RIS 2 AN 1% 4548 RL
GR. SVI 1 RI g2 A[A] .

Table 1 Colony morphology

Strain Colony morphology Growth situation
SL-1 Round, white, opaque, convex colonies, neat edge, moist, smooth and shiny surface ++

SM-1 Flat, yellow, round, opaque colonies, neat edge, smooth and shiny surface

SH-3 Yellow, round, opaque, flat colonies, neat edge, moist surface

+: Colony diameter<0.5 mm; ++: 0.5 mm<Colony diameter<2 mm; +++: Colony diameter>2 mm'

*®2 EHREIEM
Table 2 Physiological activity of strains

371

Strain Gram staining Indole test Methyl red test Starch hydrolysis test Celluase hydrolysis test Deconerating

potassium test

SL-1  + + + -
SM-1 - - - -
SH-3 + + + +

+: Positive. —: Negative.

& 6 PGPRHERZGABN

Figure 6 Phylogenetic tree of PGPR. The phylogenetic tree was constructed by the neighbor-joining
method; The bootstrap value was set to 1 000 and shown at the node; Numbers in parentheses are GenBank
accession numbers. A-1, B-2 and C-3 represent SL-1, SM-1, and SH-3, respectively.
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2.6.1 EHHHET PGPR EA4HEXMEZEM  (10%-17%); SXFMAMN, HLH—5 SH-3

F GR HI%2 0

WK 7 s, FEERWBEE I, X5 B2 A
FIAR GR [RIET 2R &S, HEA R
22 5 (P<0.05) 5 {HXT HRAL ) GR T R L He
SCEG AR, RPRELAAE 15 g/L Eh I BRI 5
TRE, TR IRZEAE 20 g/L i B mt IR 2R
R, TEERMAGEEHRE>0.5%)F, LKA N GR
YiE xR, JF BRI PGPR K HE A HHE
L H B R M GR I [A] A5 p
NaCl ¥kl 5 g/L i, XFHRZLAISCER 410 GR
To i #257 . NaCl VR Ry 5-10 g/L B, B —TR
1) GR (KT 87%)m TE AWK T 77%); 5
X B AR L, Fe B — T SM-1 /9 GR #2155 24%,
Mt A E#E AC B9 GR W $EF 18%. NaCl
WA 15 g/L B, BEEHBEN GR (64%—77%)
e T — (30%-55%); XA, &It
SRR AB 1Y GR 425 316%, T iis—E
SL-1 ) GR &5 197%. NaCl #kJEH 20 g/L

F) GR #&m 118%, M A W #E AC 1 GR
M = 94%. NaCl ¥ h 25 o/L B}, 4R & Fh1
1) GR BEFEMR, HELIAR GR (DT 15%)
BB X B (3%), BAWAEM GR & T
—TH o X5 B I SR I A A — S, 24
ERVRBEAE 5 o/L BEAS S RE AP A&, T 243k
WHERE] 10 g/L, PR FA SR B
TR, I, 253 PGPR M H &4 HBEALHT
SEER TR GR EHW B & T UEAA B, X
Uil GPRs K& WREAEER 38 J 0 T w4
TR R B AR TS R L,
HAWBEE SR NAS g/L BN
FF A 02 JEFE FA U SR (2 2, DA 2 AR AN BRI 7E
Pt k2 SR A 2 b B B RIAE .
2.6.2 IhHET PGPR EA4EEXZE T
F SVI B0

fR ARG J1 36 50 SVI J2 [ W11 & o A
HEREZEAE, SVI WE W FRRF A K

Bf, B—BH GR (15%—19%)m TR G WA WG, Ebrl @A F 1m0 SVI {E[a]
120 ¢
OCK ©OSL-1 OSM-1 mSH-3 OAB BAC OBC
100 | cab abaa@ c
L SRR 20RC aby,
— afr]
S 80 cHH P :
g i aa
g 60t ab LA
£ 1 .
£
8 40t A
bc a.a
20 F ’, bHabeabab ab a ,pa
b
0 o]zl
5 10 15 20 25

Salt concentration (g/L)

& 7

BT PGPR EAEHNEZEM T GR IR

Figure 7 Effect of PGPR consortium on GR of mung bean seeds under salt stress. Different lowercase
letters above bars indicate the significant difference among the different concentrations of salt (P<0.05).
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B2 Fp AR 8 AR il 8 i, B
BHEUBERM, XREAIAISLER A SVI [H] A 2
PREAL R s, HEA B EVE2 R (P<0.05); H
XTHRZLAY SV T REIREE L Sega ik, XHEZL7E
15 g/L Rk BEmT i BRI, Xt EZH7E 20 g/L
ARV BE BT B RN AEERA TR, SEIR ALY SVI
Bim TPATIA, JFAE AWM SVI KZ&ET
BB, TER—ERWEEFMT, AIA PGPR K
HE SRR A SVI LA R 28 ka3,
NaCl ¥ N 5 g/L B}, SVI7E 1.38-2.75 Z
], ST, RIEE SR AC 1 SVI
MR 100%, TR L —T& SH-3 /) SVI #25
76%; NaCl ¥ JEly 10 g/L i, SVI H BT B
P (0.81-1.49), SXFHEAHM L, ML AW
HEAB 1) SVI R 85%, Tt — & SL-1
1 SVI 5 75%; NaCl ¥k &N 15 g/L i, X i
M SVI BEFMKE 012, E5 WM SVI
(0.63—0.87) . & = T HL—14(0.19-0.53), 5xf &
HAH G, IS5 T HE AB 19 SVINEE 5 648%,
Mt — SL-1 B9 SVI #£5 342%; NaCl
WSl 25 g/L WF, SRR SVIAE 0.04-0.06

ZIa], TR SVI fEAGAF] 0.004, X 5E
A I — et 25 A — 3, XA R A )
TES% 52 50 vh 34 A A 1 52 G R A B 4 B
Tl —F 1 0% 48 B0 LA ] S — R A R A L
FhFrm. TEARMFRH, &3k PGPR RHEE A
REAL PR 2 TR 719 GR (BB & T o Ak
R, EAHRE AB. AC 1Y SVI A T B8 —T4
R, UL A6 TR S B8 25 T X
SREF TR R BARIEER, AT S
DX AR 4y i B 5700 A ) 9 0
2.6.3 EiHIET PGPR EAEEXET
F RL 1 RI 895204

WK 9 Frak, 4 NaCl ¥ BN 10 g/L i},
5 CK M, LA M Fr RL iR E,
AN R FEAL, CK 41 RL 4 1.10, MIXFER
FHAER 22.63% , T 55 A A XS R FH R
3.68%—15.79%; 4 NaCl ¥ ET+=E 15 g/L A,
CK 21 43¢ 5 R0 19 45 TG 1 Fa bl e 25 T 1%, A
SFEhE R F IR 80.53%, MK SR BFEIE
S E R FR RL $5b5, MXTEHERR
18.95%—33.16%.

4 —
OCK OSL-1 OSM-1 mSH-3 OAB BAC OBC
a
ab
3tk a
| ab ab
> 2t }bc {
@ i ab a
L ¢ abbc
cC
1F ¢ aaa
ab ’]{”J[‘
[ belhbcC a ab
bheb Tabe P%d. aTed
. AR L] e abe adfedoajede
5 10 15 20 25

Salt concentration (g/L)

& 8

HET PGPR EA R XM EEMTF SVI K200

Figure 8 Effect of PGPR consortium on SVI of mung bean seeds under salt stress. Different lowercase
letters above bars indicate the significant difference among the different concentrations of salt (P<0.05).

P4 actamicro@im.ac.cn, 7 010-64807516



Wil 45 | U, 2025, 65(1)

161

A
4 -
a OCK BSL-1 OSM-1 @mSH-3 BAB BAC BBC
ab
a
3k
fg i a{ ab
N2
=) bg { a
%D 2F ab
- c J} a{bbc
S}
2 [ c 'l(ﬁc Jv[ ajza
ab
br { ‘|E be {{{ a
{ Cc . ; aab
’*I . bcb’} be debCCd -}}cde
c
. S LA e U
5 10 15 20 25
B Salt concentration (g/L)
120 -
OCK 0OSL-1 @SM-1 OSH-3 mAB OAC B@BC
100 a a a ab , ab
S iy, ab, fibab ?'{bi b
o 7 bhb {{ T
2 80 | s Al
E ab
5 i
E 60 - cdlbe
S i
° de de
Z 40t
<
E a
20 t P e :
raadaaag ¢ct C&I —‘
o Lecrddde,  [FEA ]
5 10 15 20 25

Salt concentration (g/L)

&9

BT PGPR E S ER X ZE M F RL A RI AYF200

Figure 9 Effect of PGPR consortium on RL and RI of mung bean seeds under salt stress. A: Effect of PGPR
consortium on RL of mung bean seeds under salt stress; B: Effect of PGPR consortium on RI of mung bean
seeds under salt stress. Different lowercase letters above bars indicate the significant difference among the

different concentrations of salt (P<0.05).

=2
)2

AR W30 Xl & B e R R R Ak
KAEY B Syt EhRE 1A ¢, 1 RL. GR. SVI
AT 8 3 R A Sy ot 52 Bh - it SR TEAN () 2
fabR, AWFFRHT T it ER % PGPR Xf A [R] NaCl
W BE T 8 SRR B & RN S R f s . SR
gERFI , R IA NaCl ¥ B 575 fi il 4 G018
KAER, Bl NaCl e B 38, 75 & 19 45 5

FEFR(RL, GR F1 SV TR, MIxT#hF %K
B ETHEH, SuEERRE, X 5B
GO B3 Xof 5 ELRR A AR I 4 R — B

LEG RN A BRI — R A2, CK 4
MR R E] 15 g/L B, Fh TR RN
18.5%, AL THPF1E 8 & 272 50.0%1) [H{H,

Pt , NaCl ¥R JE 10 g/L AT LU R J& 4t F54 2R
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T1E B & AT R B 5200 40 BRI R SM-1
fil SH-3 4b, BATEBEAIEM SL-1 M5 T 4%
TR AR R AE, HAESN 15 g/L NaCl
WeRE . S04l PGPR M HAE ARG HL S S
T8 RL. GR Fl SVI {H 433 135 4n 0 55
T CK 41, XUiH] PGPR M & HRE/EER
I8 FAE T X gk DR R B R
5 Hi— PGPR M, K& RHFATE G R F {2
HEVE RS S 2, DA A5 TR 45 TR PR AE A A
LR R EA M EIER . RS
EARH, GR BT iR, SVI B 1 5%
JE, AU kB GR Fl SVI R,
MRS, 7l & R 55, R 2P I e
Xof R 38 BT 52 1 S5 A

*=3

2.6.4 THELHE PGPR /= IAA. EPS 6 h5
REMERMEXM

3 3f SR A DG A3 M it R B PGPR
IAA. EPS BE7J7 5 4% & Fp 1 £h 42 4V F A ¢
P, FEE AL G R0 4 T SR AR 8 AR RL
GR. SVI Ml RI, 0% 3 AR, A F, 24
FHE AC 77 TAA {515 RL. GR A1 SVI £ IEAH
X, AUEH RL, SVI R IEH K& R (F X R EL
A5k 0.999 F1 0.993), ik FHk B E K
(P<0.01), 1M TAA M5 6 F R 0] 2
e it 25 A TR G R R (FH G R B8 -0.997,
P<0.01), FHH TAA J5 P (1458 B R 0k 48 5 il
TG, FhFii RS KA,
HIPH T AR E R, hR 4 WL, EREATE

BB TESER AC = IAA, EPS 88 h5REMFIALIEMREXME

Table 3 The correlation between capacity of IAA and EPS by consortium AC and seed germination index

under salt stress

AC EPS IAA GR RL SVI RI
EPS 1.000

IAA —-0.960* 1.000

GR —-0.707 0.615 1.000

RL —0.965* 0.999** 0.604 1.000

SVI -0.981* 0.993** 0.690 0.993** 1.000

RI 0.950 —0.997** —0.652 —0.993%%* —0.992%%* 1.000

* MO L (P<0.05); **: AHICHEM 3 (P<0.01).
* is significant (P<0.05); ** is extremely significant (P<0.01).

=4

BB TESER BC ™ IAA. EPS BN SR EMTFiALIgRHEX M

Table 4 The correlation between capacity of IAA and EPS by consortium BC and seed germination index

under salt stress

BC EPS IAA GR RL SVI RI
EPS 1.000

IAA 0.764 1.000

GR 0.742 —-0.931 1.000

RL —0.991%%* 0.840 —0.823 1.000

SVI 0.327 —0.859 0.791 —0.447 1.000

RI —-0.754 0.999** —0.947 0.833 —-0.867 1.000

*r AR (P<0.05); **: AHSCHER 2 (P<0.01).
* is significant (P<0.05); ** is extremely significant (P<0.01).
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B AWHE BC 5= EPS itk 54 G F F18tr GR
M SVI RIEMHK KR, 5 GR MR (FH
FECH 0.742)1M SVI 8540 5 (FH 56 R EUCH 0.327),
M IAA 1EPES RL Z (A 2 IE A R R (HH R R %L
41 0.840), F£HH EPS Fl IAA 351 2 0] S 805 1)
IEAEE R ML RECH 0.764), FLFEEFEER M
RGP, BN, 77 EPS 1)
PRI P DA 8 5 1 e A 0 R i A2 Y, 1T Khan
SEDI) & BT TAA MR AR B TAE A K R
B . I [FEREELAS ™ EPS 1 IAA B8 7 BT 25 B4
BRXTER e S50 TR B R FE KR A FRE
ANAT s VR

3 WwEE#

VIS T R R - 1 PRI A AN AN™ B AR ) A
KT, W H B A U R AL,
R FERING iy R R I b AN TR
FROTEIRRE 1 225 PGPRIEfE HE T BARAE 9y
AR DA BRSPS 8 A AU BT A
KA AR AEER IR £ PGPR ik . {24
AP TIRE L, AT IR ER R . K P IX R
Bt R VDI R AR A AR i
BRAEIARBR 1 H R PGPR WFFEs/ D0 g £
iR E, SREEBERTE, WL
FE 0 KRG T AREAR 38 pH, M R MR & TR
PrAdE B BB AE v, T DAAR G i e T
RO IX () ER BRI EE , AT BE 5 IE I PR T AR
PRUEMAIRR, ST, AR i R
B %2 IR F 2 RR Ak 0 T £k S w00, B g
W AR A O T A ER A AR W i K A AR PR 1 58 4y s
A T B I o AT 5 LA Vg S0k b VA /K e AR P
NI XS, Gk 15 RRep AR,
HTR Bk SL-1 & TRk rg Eh 18, 4 k)8 T ok
AWy, DHRRRAEE, XA N R B R
WL RS AR R S B R A, B

PRI, WAL . Wom g +h il 58
Bl AHAE DA X D o BRI ARIFSE 2 85 1 4 AT
Pk SL-1, SM-1, SM-2 #il SH-3 A7 1&g £L e il sk
MR, SRR s A R — 2

TEWUAE R R BESE TR, — i
NOUBMYIRPRE ARG, XU A TR
MRS L, e ARt I A e AR A AR A
KW, H am Mk o b o i % 15 21 i 55 6%
PGPR K £y 27141 14 & (Bacillus)*' ! {8 i
W J& (Pseudomonas) . = b ZF AT W JE
(Halobacillus) . & /a7 J& (Hal omonas)™ Vil
% ER  J& (Saphylococcus) %P7 Ho b 2R AT 1
J& o B B 2R B g R B ORI, Ul B 2E AT
PRI J A7 E R Sk BB N R B A 5% 1 A 1 2
[T RE MR BT . A ML . BB .
PR A KA, R HAA IR R R E R UE D)
TR ILAE, AR JE i — LE T RN B e &
MEG RS AERKNIER, BRRZEW A
BT E AR 5 L TAE R bR, {340 a] DL
Z AR E W BEBY, 40+ 358 1% #F 7 (Enterobacter
soli) N102 fif Eh ik 15%. SR i KA R 18 52 %
Rl =R 2F A4 1 (B, paramycoides) #1328 (K
FF 7% (E. quasihormaechei) fJ 1 Jyifi 25 5% PGPR .
FEAMEFE A, B SeH DR 15 RE 5 72 it e b5
FREARK MR N L FE T 15 B
PGPR, H4fBEORMEREIEATZRAE ,, FEAI X L7
PREOIZ A 68 7, 407" TAA F1 EPS B8 77 . Tif£ho%
PGPR H#tk SL-1. SM-1 il SH-3, #{%5E A2
1E 4T 7 J& (Bacillus) fil 7 #1 14 J& (Enterobacter),
Mb)@ Frgshmt oAy, U@ TR REY) .
DAFE BT dig 38 1) Vg KRG A ) 246 v F 2 RE 4y
B Ke A= K AT 5T T, (A RERBLREER(200 g/L)
Tt B (pH 12.0)F%ER(16.83%), LRI H LR 1Y
AR . TEMS KR . 77 EPS (0.47 g/g)fl TAA
(1.48 mg/L)TitEhk PGPR i R ARG, 5
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O R A A B A G T $h Ak PGPR B #E SL-1,
SM-1 Fl SH-3 AAX BB Tiif 37 5 £h PR 5% (18 040 7
DJ-1 Tt Eh PR 15%P%), L] 7 B il R 58 R A 47
(K ER L DBO1 FEGREE 1N 8.7%""), #E
M TE o Eh PR BT 20 W TAA (7K £5 BA i 7% DBO1
77 IAA E 14 8.97 mg/LB™) 3 2 ) 34 4 I TAA
T AR 1 7 A 336 TR 0 %o 1 ik TR 358 1) T 227
REJT, IOV LUE S AEAE AR & | i 2 7= A= 1 EPS
G55 4N B ok Bl B - AEAE W AR P g R
(/KRB IfIE DBO1 7= EPS fiE /14 0.21 g/gB™),
AT LA AR R R 30 8 R Sk AR VR P i A=
K, R AR AR T, RPHAHE
A A B i AR A TR 1 T o

FIFAT ER% PGPR fEHE PR R A,
Vol % I 30 X ARL ) (R R R R ), Tk B el
AN AN = O AN N T8 0B 1 ) e w2 3
B BB A e 2, T AR O R e A KL AR
XA — S R AW EPS, WUt
MAhZhE . ZIKEYR, AR . AERR S
THLR O, SRS S SR KRB B R,
AP AR A MRS S IR T LA B SR )
JiE, X A 9 e B HL R 1 Rk B R B VR EPS
AE 38 o Y AR Ty RN L 5] 73S B R
PE. BEKRETT, ARSCERE YA KA AL
YRR T [ B R I 5 A
IR Na il K856, b3 s P EY i F
YER; thnl TR — 2 Ao, Bt
RSy, REF T & ZERPY, R,
T S W 5 2 A A B M TR R 7 €8 2R 1 1 T 2
W, Fh P2 T EPS B AR R AR T
71 K 2R P AT BFSE R TAA & PGPR i
PR B8 25 R A K E R R Z 1T,
2 H1 G AR v R, R A A sh 32 B
i, TR TAA W82, BUETTER R PGPR 430 )
TAA A 1E Jg SN TAA AR JEARIAE K R 5
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i S50 T A R . AR B IE BT AR 1
ZEORE AR, DI HAE 1 A 5 R
WAEPIIR MR TAA G OIF e il 2R . Bt
SR A G, k2 B A 3 R 3 T A
(reactive oxygen species, ROS)FH 2 , [A] Bt n] [
RO IERcE 5 S, Al FWNEsL
FMHER . R MEEE S 2 M A ] LR S
R PIUEE TAA 25 38 /N 42 A K A0 T BE
F1. Grady ZEUSEST TAA W] B 35 M A 90 0 A
Ko ke, Wagi ZEPOMIESE T RERS -4 TAA
£ PGPR W] LAIE 1 A R4 vk 58 BT A A 30 ) 1 £k
A A R B O A A AR A . AR
FEMZE R KB, PGPR RS TE i Eh IR T 40
EPS Fll IAA, XHp8 & B A% R RREMEM.
it £ 58 PGPR AT £5 {1 A= AP = 2295 % fi
B 7 IAA. 77 EPS &, [RIILIX Se A Ry 2 AR
PRt A T A UERE ) A K B R REBLIN O B
SCHRARE, TR ER B PGPR ] LU HEER Ml T (Y
A, R AR a8 X R 2 2F . 4
AR F R ARSI, A
SL-1. SM-1 1 SH-3 &3 o381 £hiE T ry 4k
AT R . WL PGPR 7 IAA. EPS
RE 75 o SL R ERAE 2R AR AR OGP 4317, 3%
AR AL #EVE (B RL. GR #1 SVI ¥ m)rl g
JEH T IAA F1 EPS W& HAE T TAA 5 RL M
SVI Sl i 25 (Y 1E A DG OC JR (FH 2 R B0 Ky
0.999 F1 0.993, P<0.01), EPS 5 GR fl SVI &
IEAHSER R, LR R EPS Fl TAA fig
) T R TR 7 R 38 250 T S R4 VR 1 6
MifZ k. MroiEmAeRKER . MERIRER
Hom, LG AFI RL, GR A SVI #RFEAR, o]
REVH A TR b0 T K 2 1 R IR 1 40 1
i F BP0k« FR AR O 22 A A 2
REZ 2T, AR, xR T
fif Eh B8 PGPR = IAA . EPS fig f1f&brlal (9 o AF
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KRMATAH A 4B 2B, EPS Fil IAA {6 1E2Z
[F] L2 55 3 1) I A JC S R (FHIE R ECH 0.764),
EPS i P AT LA 2 42 Al ) 0 ER i 2 1, T
IAA TEEA M TEYRNARKRET, FIZEE
Al DL P S s X Eh e B IR IR B 2 M, B
FERES G R R, X5 FHFEPWET
SEMAH—E, MR PGPR AR AR SR g AN W)
PR PR 22 (B R 4 A R RO A 3 40 Tk, JF R
ARk e R h R T AR
R o TR 59 45 100k BUHL AT O [R) A A RO Y
EM-1. HCH2-3 Pl J FGD5-2 MEFTHR5E, K
KB A5 it om0 ) A A R R A W 5 R
ORI TAA SRR TR AL AR AL L HR 5T
TR IR ARCR, Rk AL G TR AR 38
) B K s T s 9 IE MR B PGPR
il B4 &2 A B IR AT DA R s A . TR
B B TR HE B 2 i HL A A [R) 0 A R e 1) T 6 TR
JER A HF I R —AEE ), &
W98 e BOCE AT 1 )8 A AP I B M T PGPR
HEWRE, PPk EY, PGPR 4
BERCRIE T oa—1, SXTEML, EARBE
U 15 o/L BHERZCRE B3, &M &0
FEFR(RL. GR #l SVI), HIXIERERIM 80.53%
TFEN 18.95%, LR EFhT By EE B E M 10 g/L
PR 15 g/L, UL A BRER RARAE (L i 4
SRR EAMEEA, PGPR KHE A
PR FEFEER 38 25 P R AR AR RAR 2

gi BT, AWEIT ) 4E B 2Z A aE oY 4
3, RVER A 2 HAT i A 26 0 I 1
AR PGPR MYEZRIE . MK R PR 158 5
B 5] 1 Bl EOIR 2 AT 2 (B, paramycoides) SL-1 .
SH-3 #l i 2 [ 1 #F & (E. quasihormaechei)
SM-1 R I ZFp e A i ER PR, DRt mT DLk
AT MR XWIIE T PGPR XH
PR R i Eh U0, A B & PGPR A FIE
TRFT R R R0 4 8 5 T LS AR

SE 30k
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