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Screening and identification of antagonistic bacterium Pseudomonas chlo-
roraphis for walnut rot disease and its effect on promoting germination of

seeds and growth of seedlings in walnut
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Abstract: [Objective] The study aimed to select indigenous bacterial strain that could control walnut
rot and other fungal diseases and promote the germination of seeds and growth of seedlings of walnut.
[Methods] Bacteria were isolated from the rhizosphere soil of walnut (Juglans regia L.) trees using
confronting plate methods and streaked on agar to screen for antagonistic strains. The broad-spectrum
antibacterial activity of the selected antagonistic strains against walnut rot disease was evaluated. The
morphological characteristics, physicochemical properties, and molecular biological characters were
employed to identify the screened strains. The thermal stability of the antagonistic strains was deter-

mined using mycelial growth assays under different temperature gradients. The inoculation experiments
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were conducted to ascertain the effects of the antagonistic strains on the walnut rot symptoms. The pot
experiments in a controlled environment were carried out to analyze the impact of varying concentra-
tions of fermented filtrate on the germination of walnut seeds and the rate of poor-quality seeds. The ma-
ture, unspoiled walnuts weighing approximately 12 grams each were selected as experimental materials
and dried in the air naturally. The fermented filtrate of the antagonistic strain WS-04 was diluted by ster-
ilized distilled water, and five concentrations (50, 150, 250, 350, and 450 mg - mL") were set for treat-
ment. The sterilized distilled water was used as a control, and each concentration was applied to 20
seeds with three repeats for each experiment. Prior to soaking, the walnut shells were opened to ensure
that the kernels would contact the fermented filtrate. After soaking for one day, the seeds were rinsed
with clean water and placed in a humid germination box within an incubator at a constant temperature
of 30 °C to promote germination. Daily observations were made during the course of seed germination,
and any rotten or moldy seeds were promptly removed. The germinated seeds were transplanted into
pots with a diameter of 20 cm, with two seeds planted per hole, covered with 1 cm of substrate (vermic-
ulite: perlite: peat soil: soil in a volume ratio of 1:1:1:1). The number of germinated seeds was record-
ed, and the rate of blanching was calculated. Following the emergence of two leaves, the germination
rate and the rate of poor-quality seeds were calculated. Simultaneously, both indoor pot experiments
and field pot experiments were conducted to study the effect of different concentrations of the ferment-
ed filtrate on the growth of walnut seedlings. The pretreatment of hulled walnut seeds for the experi-
ment of promotion of growth on seedlings was as follows: the walnuts were gently split open to ensure
the contact between the kernel and the fermented filtrate of the antagonistic bacteria. A concentration of
150 mg - mL™' of the antagonistic culture was assigned to the experimental group, while the control
group consisted of a medium without antagonistic culture; each group comprised 25 walnut seeds, with
five repeats. After germination, the single well plates (32 wells, 6 cm x 4.5 cm) were used for the treat-
ments, one seed per well. The seedling treatment in plates involved sowing in the wells and initiating ir-
rigation with the antagonistic filtrate (experimental group received 150 mg - mL"' of fermented filtrate),
administering 50 mL every five days. After 20 days of growth, the seedlings from the well plates were
transplanted outdoors. For the pot experiments, the walnut seedlings were transplanted into experimen-
tal plots (with a diameter of 40 cm), with each pot irrigated with 500 mL of fermented filtrate (once ev-
ery ten days). After 90 days of transplanting, five plants were randomly selected to measure biological
indicators, including dry weight, seedling height, main root length, and root count. [Results] A total of
157 bacterial strains were isolated from walnut rhizosphere soil, of which five strains were found to in-
hibit walnut rot disease, with strain WS-04 demonstrating an inhibition rate of 87.00%. The inhibition
rates for Cytospora nivea, Valsa mali, Valsa ambiens, Cytospora chrysosperma, Cytospora leucostoma,
Alternaria alternata, Verticillium dahliae, and Fusarium oxysporum were all above 70.00%. Through
the morphological characteristics, physicochemical properties, and molecular biological confirmation,
the strain WS-04 was ultimately identified as Pseudomonas chlororaphis. The antibacterial activity of
C. chrysosperma was assessed using the mycelial growth rate method, revealing that WS-04 exhibited
significant inhibitory effects on C. chrysosperma, with inhibition rates exceeding 80% as the concentra-
tion of fermented filtrate increased. At a concentration of 15%, the inhibition rate reached 93.65%. The
thermal stability assays indicated that as the temperature increased, the inhibition rate of the WS-04
gradually declined; however, it remained above 85% against C. chrysosperma, indicating favorable ther-
mal stability. The treatment at 95 °C for 30 minutes demonstrated that increased temperature progressive-

ly led to the loss of the activity of the fermented filtrate. The isolation protection tests suggested that the



172 R L) = e

WS-04 would have good preventive effects on anti- walnut rot, with an average disease lesion area of
0.85 cm? for treated samples compared with 6.32 cm? for the control group, resulting in a control efficacy
of 84.96%. The pot experiments revealed that the germination rate of the walnut seeds was improved
with increase of the concentrations after treatments. At concentrations of 150 mg-mL™" and 250 mg-mL",
significant promotion of walnut seed germination was observed. The germination rate was notably
higher in the treatment groups with concentrations of 250 mg-mL"' > 150 mg-mL" > 350 mg-mL" >
50 mg - mL"' > 450 mg - mL"' compared with the control group (p << 0.05). As the concentration in-
creased, the germination rate initially rose and then declined; within the range of 50 to 250 mg - mL"',
the germination rate of walnut seeds steadily increased, but when the concentration of the fermented fil-
trate exceeded 250 mg-mL"', the germination rate began to decrease. At a concentration of 150 mg-mL",
the percentage of the poor-quality seeds was the lowest, reaching 6.68%. When the concentration of the
antagonistic bacteria exceeded 150 mg - mL"', the rate of poor-quality seeds exhibited an upward trend;
however, the rates of poor quality seeds of all concentrations remained significantly lower than those in
the control group (p << 0.05). In the field experiments, we found that the WS-04 could promote the
growth of walnut seedlings, increasing seedling height, root length, leaf area, and dry weight by
25.40%, 83.33%, 48.02%, 24.76%, and 98.40%, respectively. [Conclusion] A biocontrol bacterium
with broad antibacterial spectrum and growth promotion effect on walnut seeds and seedlings was isolat-

ed and screened from the soil of walnut orchard. This would provide a novel strain source for the biolog-

423

ical control of the walnut rot disease.
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Table 1 Rescreening results of the antagonistic strains

[ELS T ENEES
Strain number Antibacterial rate/%

HHEAR
Colony diameter/cm

WS-01 2.29+0.18 a 71.67£0.25 ¢
WS-04 1.07+0.21 ¢ 87.00+0.26 a
WS-10 1.7240.24 b 78.67+0.32 b
WS-29 2.13+0.21 ab 73.33+0.25 be
WS-56 2.10+0.35 ab 73.67+0.04 be

R EAE P bR M AN R R E R
(p<<0.05). FIA,
Note: The data are mean=+standard deviation, different small let-

ters represent the significant difference (p<<0.05). The same below.

A. CK;B. WS-04 E#kXt C. chrysosperma W1 EH -
A. CK; B. The bacteriostatic effect of strain WS-04 on C. chrysosperma.
1 E¥k WS-04 Xt C. chrysosperma HIHNEI1E R
Fig.1 Strain WS-04 confronted the C. chrysosperma
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2).

222 HFAEMFLET  16S tRNA FEK F 50 5
J5 128 GenBank 3113 & 5% 5 PP059680, [7] Y 11 EL Xt
45 BB IR B AR WS-04 5 4 5HB I P, chlorora-
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roraphis AL [F— 533 (¥ 3) , R WS-04 5 P. chlo-
roraphis R4 R R il , 45 A TEASFHE A B AL
FRIEFN 7 T %558 S5 L, e 200 B R WS-04 %5 58 R4
RSB BE P chlororaphis
2.3 FEILE R WS-04 HIEEAYNE

VT 1 00 5 45 SR AR W, 475 B TE Ak WS-04 % 8 i
P S B B R S T 75% (R 30 o Horbxy
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sperma-A. alternata ¥ J5 1 R 2281 80% , 15 ]
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A M B BIBETES N TR WS-04 BIBSSRIBASMIFTEIEE ;C. Wbk WS-04 (R FB 8L T FITBRS s EL#IR=20 um.
A and B are the culture morphology and colonial morphology of strain WS-04; C. Morphology of strain WS-04 under scanning electron microsco-
py; Scale bar=20 um.
2 EHR WS-04 FEZSHHIE
Fig.2 Colony morphology of strain WS-04

F2 Ek WS-04 EIBEUETE
Table 2 Physiological and biochemical identification nof strain WS-04

I H Item 25 5 Result I H Item 25 5L Result
T AL Inorganic phosphorus + HEME AL S 2K Sucrose to fructan +
45 HL#% Organophosphorus - FEE R XK R Arginine dihydrolase +
#1238 Cellulose - G Lipoidase +
A1 Protease + AL Oxidase +
VER 43 iR Amyloysis - FFZ IR #; Citrate +
JLT 5 Chitin - # % Pyocyanin -
ER# A Ironophore + 2% [t Gram stain -
Wi AL Gelatin liquefaction + NaCl 0%~6% +
ffu4h 2 B% Exopolysaccharides + NaCl 7% -
M.R + pH 7.0~7.5 +

VE BT B

Note: “+”. Positive or available; “—”. Negative or not available.

®WS-04 (PP059680.1)
Pseudomonas chlororaphis P1 (OR143372.1)
Pseudomonas chlororaphis Rhs-L21 (0OQ581518.1)
Pseudomonas chlororaphis Br11TL-3 (PP658196.1)
Pseudomonas chlororaphis ZH2 (CP146886.1)
Pseudomonas virldiflava P26.B3 (NZ_UUDV01000391.1)
Pseudomonas fluorescens B8 (KF010368.1)
Pseudomonas fluorescens strain 3090 (PQ139637.1)
Pseudomonas coronafaciens 56 (NZ_CP046036.1)
Pseudomonas coronafaciens 168 (NZ_RBVE01000296.1)
Pseudomonas avellanae strain JCM (NZ_BMNO00000000.1)

100
97
77

99
86
81
78
80
65 Pseudomonas putida DKBO04 (KF030904.1)
W’E Pseudomonas aurantiaca PB-St2 (EU761590.1)
98 Pseudomonas aurantiaca VKM B-816T (AY271791.1)
Bacillus amyloliquefaciens F1 (OL831001.1)

—

0.5

B3 itk WS-04 ZT 16S rDNA EEFFIN RS L B
Fig.3 Phylogenetic tree of strain WS-04 based on the 16S rDNA gene sequences
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Table 3 Inhibition rate of biocontrol bacteria WS-04
against the tested pathogens

B Strain 401 2 Inhibition rate/%

C. nivea 82.00+0.02 ¢
C. leucoostoma 79.10£0.01 ¢
V. mali 84.07+0.04 b
V. ambiens 87.00+0.01 a
F. oxysporum 78.37+0.01 ¢

86.13+0.01 ab
85.21+0.01 ab
84.66+0.04 b

V. dahliae
C. chrysosperma

A. alternata

PR WS-04 BAT BT iR BT CR (4 .
2.4 FEHUE K WS-04 & K2 A9 E

Bk WS-04 (A K i 28 tn B 5 B, f£0~6 h
R AR AE KL 18, HE N AR K AE 3 15 6 h DL 20 B U
A K, 48 hik BIAE K s g A, Bl Ja HE N AR KA

CK

H 58 h DLJE B AR 208 W g E NS T . BE AT
R PRAE 48~58 h Tl 2B e 2 1 His Pk .
2.5 NEIREE & BERRIEEE 26 2

SR FH TR 22 A2 KT 26320 7 A R FE Ao B T i
WS C. chrysosperma W 22 E K AN R . 455K W
AN [ PR A5 i I TRUN T 22 35 B AT o A i 280 R
(El6), H B W E T &, Al dl SO B, &
21k 51 93.65% (£ 4) 6
2.6 FEILE WS-04 ZBZIERAIRE HENE

H B 7 AT R R WS-04 & I S8 VIE AN [ /K T iR
FEAEFR 5 , HAM ) ZR e B T v i R B (B C. chrrys-
osperma [N ZR I 7E 85% LA b, I H R U7 i #4F&
SEMECE 7-AB) o HJ2& 95 °CALHE 30 min Ji5 , HAMH]
RIS, 28 AR, FE PR WS-04 KEEIERZ
M5 PR AL B DL S , X C. chrysosperma [P 3 A5

A K ALKZBRIE I KPR SR T 5 By A B AN B I 5 €y A C. SRR TR s Dy M D. 25 B0 I LS T 5 B AN E. R AERG 2001 F) AL F.

FRAEBEZER A G A G VAR T 429 B4 s H AT L AZ R A6 BRIV 14 o

Arand A. C. nivea; Biand B. C. leucoostoma; C,and C. C. ambiens; Dyand D. C. ambiens; E,and E. F. oxysporum; F, and F. V. dahliae; G, and G.

C. chrysosperma; H, and H. 4. alternata.

4 WS-04 3 8 MR R EE 224 KAFNT
Fig. 4 Effect of WS-04 on mycelial growth of eight plant pathogens
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Fig. 5 Growth curves of strain WS-04
3% 6% 9% 12% 15%

6 AEIRELEEERRX C. chrysosperma & 225 K HIHIHIZR

Fig. 6 Inhibition of fermentation filate growth at different concentrations in C. chrysosperma

F4 TRIRE LR R R LS KR — S RS, IR T e 2 PR I R 0
Table 4 Inhibition of hyphal growth of fermentation IR T T2 S v

broth at different concentrations

2.7 FEIE WS-04 L B2 C. chrysosperma & 22

w I# V% H.1% Colony diameter/cm )1}l Inhibition rate/% A
CK  7.92+0.10a 0.00
3% 1.44+0.06 b 84.54+4.66 b HE 8 HT LAE i, C. chrysosperma I B& 22 E1R A
6%  1.08+0.18 ¢ 86.3242.22 b By A K3 A, B 42 Tk A 4 e
9%  0.73+0.08d 90.78+1.03 b . . . )
12%  0.56+0.01 de 92.89+0.60 a TRl £ ’%‘ 1A W , e 22 HH B B VS AR IR, T 22 Te vk
15%  0.50£0.01¢ 93.65+0.08 a K (K 8-BLCLE) s T X B4 C. chrysosperma
14r 100 a
b b
! 1.2 a7 b o —
, . L= 80 |
S 1.0f i 1 < 70f
e g 1 2 60 K
=2 08t d < M E
T g ¢ = £ 50H
25 d = E5
i Z‘ 0.6 T = :é 40 H
:3) 0.4 E 0f
20 |
0.2 ol
0.0 1 1 1 1 1 1 0 1 1 L 1 1 1
CK 55 65 75 85 95 CK 55 65 75 8 95
i )% Temperature/°C W% Temperature/°C

A. FfR WS-04 AbF1 S B 74 BLAR B, Witk WS-04 b3S IRH0HI 2 . AFE/NG FRERRZE R EBE (p<0.05. T,
A. Colony diameter of strainWS-04 after treatment; B. Inhibition rate of strainWS-04 after treatment. Different small letters indicate significant dif-
ference (p<<0.05). The same below.

&7 BEXEAEERINEEER D

Fig. 7 Effect of temperature on bacteriostatic activity of biocontrol bacteria fermentation filtrate
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A EEEFRMN S EARERE 22 B Ml C. WS-04 K35 &3 e JE AR 22 : D. EM H1 IE % B 22 B. 114 WS-04 AbFR )5 158 22 5 i k : kb3

J (R 22 2 K24 5 B3 R=20 pme

A. C. chrysosperma hyphae in normal culture; B and C. WS-04; D. EM scanning normal hyphae; E. Scan WS-04. Arrow: Mycelial enlargement

change after treatment; Scale =20 pum.

8 ZREHBEBEE WS-04 Xt C. chrysosperma HIFEIZIR
Fig. 8 Inhibition efficacy of Pseudomonas WS-04 on C. chrysosperma

L2 5] AR TG RS e 5, RE IR
AR (E8-AD).
2.8 BIFRFARIFAE

B ARE R R IR R YT (B 9) , Wbk WS-04 X
M T 2 LA ARG B TR R, R TR bR WS-04 &%
PV A B 9 - P4 T AR 9 0.85 e’ (& 9-BD 4 T
SXof HEE BEST- 24 THI AR 31 6.32 em’ (&1 9-A) , BV R

9 84.96% (% 5).
2.9 FEHEHE WS-04 & BEE iR kM T 4h &
BRE1ER

29.1 RBIRERWS-04 S AZHAPT 3 F £ K F FAo
T FEG R ] 10-A AT HT, 7 SeAZ BB TESS
U K BT AL B, Bl A B R TR VR T Bk
g, g sr 2 2% EFHE T RERE S H
Ab PR 5 B R FETE 150 mg - mL"' A1 250 mg - mL" A2

A BHYEXTIE s B.WS-04 S HZBEIE 5 1B VA BOR «
A. Positive control; B. Effect of strain WS-04 on walnut rot spots.
9 WS-04 KBS IR E ZmAIBTIa1E
Fig. 9 Control effect of WS-04 fermentation filtrate on

walnut canker disease
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Table 5 Control effect of WS-04 fermentation filtrate on

walnut canker disease

Wk P BETHI AR DS

Strain number Lesion area/cm’ Prevention effect/%
CK 6.32+0.35a

WS-04 0.95+£0.10 b 84.96

AN e PR A T A SRR
WS-04 A [A] J57 £k 52 A I 8 VR Ak B 5 B0 A T 6
ZEIH LA 250 mg-mL'>150 mg-mL">350 mg-mL" >
50 mg-mL"'>450 mg-mL", % 4b BE 35 2 35 5 T 0 HE
(p<<0.05). [FIULZREHECER L T WS-04 HAT (2 2%
B8 2 RO

H1 1 10-B AT, 7 7 A% ME A TR 35 40 1 A 7)o
BIRE R BB AL BN, R 2F 2 B ot SOk P hn &
PAETHE RS . SRR B WS-04 K BF 8
WRAE 50~150 mg - mL Y [ A, A2 B A1 A 2 325 i
Thim, 2 R B B R o vk B 250 mg - mL i

R ZIB WIS o 15 DU K T DR R o 2R A
150~250 mg - mL"' 2 [H i, SHAZ B A7 & 28 4 B 5
PEHEER . H P 10-C AT %N, Bl R BRSPSk P 1
I Bk A7 M 2 20 T B S R IO v
o SREME LR WS-04 755 fIKE N 150 mg-mL
I IR R B A N 6.68%. 43T A BEISRT Rk
FERT 150 mg-mL" UG AP 200 FTHEH (B %
JHR R P ML T I R A R 34 B A T R (p<<0.05) .

2.9.2 Bk WS-04 K BE IR i AT AR Ak 40 W 694 A 4E
B R 6 A, AR B B WS-04 Ab 21 5 1A%
BEG - A KR AR (B 1D, =N 16.97 em,
F K 18.7 em. TR £ 12.33 & 1 AR N
65.51 cm’s TR & N 3.73 go 1 % IE AL AZ Wk 4 1 1)
BN 13.53 cm, ERRKA 10.20 em, IR $0M 8.33
%, A AN 52,51 e, TIRE N 2.33 g S5XT1E
AHEE, FoE o EARA AR 2y T AR AN T o
BN, HAR RN T 25.42% + 83.33% + 48.02% -
24.76%%198.40%.

A 100 B 100 a
90
a b <
80 | b 80 | d
o (S
N c =N
2 - o 0 ¢
s I d & H
-ﬂgg = £ %g 50
B g 40 £ 40 {
E § 30
Q
G} )
20 H 20 1
| 10
0 B : : : y : 0K 50 150 250 350 450
CK 50 150 250 350 450
p/(mg-mL™") p/(mg-mL")
C 50
45 |
W01 4
e 35H
2 30} b
<
Tl c
= 8 d
< 20 o 3
@ 15 H
10 H
5 H
o L . . . . .
CK 50 150 250 350 450
p/(mg-mL")

10 FRIXEEAREREIN G FAF R, KFRURRFHELFN

Fig. 10 The effects of different fermentation filtrate concentrations on the germination rate, germination rate

and bad seed rate of shelled walnut seeds
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Table 6 Effects of fermentation filtrate of strain WS-04 on growth indexes of walnut seedlings

Bk~ EilG] TR ZIR E I TR TR
Strain number Plant height/cm Root length/cm Fibrous root number Blade area/cm’ Dry mass/g
CK 13.53£1.12 b 10.20+0.62 b 8.33+1.52 b 52.51+0.73 b 2.3340.75 b
WS-04 16.97+1.33 a 18.70+13.12 a 12.33£2.08 a 65.51+2.08 a 3.73+0.69 a
4K % Increase rate/% 25.42 83.33 48.02 24.76 98.40

AL KRR B Bk WS-04 AbFR AT SEAZ RS .
A. Control; B. Treated walnut seedlings with strain WS-04.

& 11

Bk WS-04 3Bk s a0 4 ik 3

Fig. 11 Growth promotion test of strain WS-04 on walnut seedlings

3o i@

NAZ A el 338 43 55 9 10k B — R A RS A
HRRFEPUER , [FI0 XREHE bk A 28 28 PRI
IR R SRR P B WS-04, iZ B FR AT 1 C. chrys-
osperma T 231 fill \ 25 45 | WAL, I A Z0A F
87.00% , £ bk 1 1A B0 2% B8 20 15 R80T 3K 21 84.96%
28 1 SR B M TR WS-04 i T2 38 3 A PR 0L 1 AZ Bk
b, LB 25 2R 2F 22 B A iy, [ IS DR 28 B
BN FE . I T RS SRR R B CEAZ Bk IR
FH AR A R B TR 1) A I S A AN [R) PR B Ak el 4R
bR sE B e 7 LA R BT (2 A BIH LS A itk — PR N
W7t

AR e Sk U YR a0 1 I A AT
B RARNHR R B A HS BuE A s A 2 5
W AEIT IR IR 5. AR 2 BA RS PR A
PR ) BN FR B 22 A B R E
Ul P. chlororaphis CY02 A B /K FE FE I8 1 5 » ‘53X
AT TR Y, B 2 K, R R AS T i
Broadbent %5 2 B Ak ¥ i AT B (Pseudomonas spp.)
F= A IR B AL BT 21 T AR R R
T T 22 I D RE o RS Ot T T 1) R PR IR Ah P
SUR B TR 22 5, TR 227 TR AR, 4R O R K P
SRR PR A A Ak SPS-41 77 AR B RS K 3-H
BE-1-TTHE 2-H k- 1- T WM 8 LT 0ot H 28 SR B o

A B S PUER . 28 R AT 50 A%k [
LHE O B B AR SR BT BRI B WS-04, 1% T PR E
A% C. chrysosperma T 22 7™ B W5 A% HL 22 Y il , R I
T ARG A B SR L bk B AR SR T R KBl v
RORWARF 4T, 1 Hik BAA —E WG I 1Z Pk
UL T RIFHIAEMIPIG T 5t 2R M WS-
04 K WEDE W28 5 R AR P2 AL 2H 30 min J& , i %5 i
FETH&E X C. chrysosperma [N 24 B R B, (H 2
PR ILE 80% LA I, RILH RUF i #Fa e k.
RS DAL BART 3 B8 7 32 (100 A e 2 FROAT T AN e A AR
Bi7i6 BB Hak B e . Ui IR RE S AT
PR FA 3 Al B TR B A ARAL 1 A AR 14 (H R 2
B AEAMT T R IR R A R AR KB B R R
9 Do TR B 22 (P AR Y AR AR PR I SR A —
XoF B A B B va 7 F B SR B R B Y T-
BTald, B Pk & B 98 R 28 15 P A6 B Ak B8 3 B o 2 e
PIRFE M, X E AR AR — 8 HEZERE
i B 5 RO e 1 A O S B ML IS AN
2, RN SE5G 3 S5 T A s e A AR, 5K
FH 30 858 578 4= AN [R] , St PR T B e 45 6 K v k4%
HEE e, R 2 — 2.

— L5 BT R A AE 0 SR A A AR ) )
I, 34 BB 72 AR 5 R A0S B AR B4R AR AR F B IR AR AR
PR N HAR R P, piscium AL E A H1 ) 22 1
JIBARE ST, 11 HAL A BRAE BRI A AL
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PRI SR T A B AR K, SR B R B B s P R
Wy ek G ) S BR AR SFE R T S, R oK
INZE 2 FRAEY) B AR A ThRES . ARH A
I3 B8 B SR R A M TR, LR I R 08 A AU 1 A4
BEFh 78 2 , RN E B R FRARIA A 2, sk & 4F
BB R T AR R AR A AR, T EL R AR
W DV RE (e Az Ak A B e s ARG AR B e
[ AR AN T T B 3 RN, MK IR T 25.40%
83.33%+48.02%+24.76%F1 98.40% . L U5 P/
AR BRI (1) SR TR S ML P chlororaphis HG28-5
TE 57 973 1K 58 r 0T SRR o LA B L 1 7 9 A%
R BIRIHSEW IR IR G AT 5 XG32, PA
A7 P AR 5 DA T 7 5 A B D AR A AR AR
K VB BT T B A T A A R S . Wu S
IR 7 A ik e SREEF P A 0 1 R S BB B P sap-
oniphila, BA R B4 AR K Thig, UL 9T
SR S AT LR B (HR S (2
B 785 & (0 R R A4 2 H A LS an T ia A £5
B BIRNW T

4 # w

AT 55 AT o 75 1 X 30 A AR i % Bk [l 1 338 o 4y
B IR IR A% R A TG B L PR E 1 i AR B
PSRBT o JE R AR R I, R I
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