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SRR RF— R R A BB DR T R SR Hzq23, 25 2 N AFRBERHE (Pseudomonas aeruginosa),
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Abstract: [Objective] This study aimed to screen cellulose-degrading microorganisms suitable for composting
tomato straw waste and obtain functionally stable and efficient microbial strains, thereby promoting the efficient uti-
lization of agricultural organic waste resources. [Method] In this study, cellulose-degrading bacteria were screened
from decomposed tomato straw using the transparent circle method, and their cellulase activity, indole-3-acetic acid
(IAA) production capacity, and antagonistic activity against pathogenic bacteria were determined. The strain was
identified by 16S rRNA gene sequence analysis. Liquid shake-flask experiments and pot experiments were conduct-
ed to evaluate the strain’s actual straw degradation-promoting effect, plant growth-promoting effect, and disease-
suppressive activity, respectively. A single- factor experiment was then performed to determine the optimal growth
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conditions for the strain. [Result] A cellulose-degrading strain, Hzq23, exhibiting plant growth-promoting and dis-
ease-suppressive functions, was isolated and identified as Pseudomonas aeruginosa, with a cellulase activity of
799.71 pg'min~'-g~!. Compared with the control group, the tomato straw degradation rate increased significantly by
10.43% (P < 0.05) after 15 d of incubation with the Hzq23 bacterial suspension in shake flasks; after 55 d of incuba-
tion, the straw decomposition rate further increased by 15.24%. Tomato fresh weight, plant height, and root length
increased by 42.2%, 42.2%, and 43.7%, respectively, and the biocontrol efficacy against bacterial wilt increased by
50%. Results on optimal growth conditions indicated that glucose and peptone were the optimal carbon and nitrogen
sources, respectively. The optimal pH, temperature, and liquid volume (reflecting ventilation condition) were 8.0,
28 °C, and 50 mL in a 250 mL Erlenmeyer flask, respectively. [Conclusion] The screened strain Hzq23 exhibits effi-
cient cellulose degradation, plant growth promotion, and antagonistic activity against bacterial wilt pathogens. It is
suitable for fermentation-based production of multifunctional microbial agents. When applied in agricultural settings,
it can accelerate the decomposition and transformation of tomato straw, enhance straw resource utilization, effec-

tively promote crop growth, and suppress vegetable diseases, demonstrating high application value.

Keywords: Pseudomonas aeruginosa; straw cellulose degradation; plant growth promotion; tomato bacterial

wilt; cultivation condition optimization
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1 MR5FE%E

1.1 R

111 A% RET 2021 478 LUK 3T,
e HFE AT AN LI RIR T 2 R Sl i AR e
BHERE R, b s Ao A E 9037,

1.1.2 354 LB EFRE: B 5e, mAlk
10g, &MH10g, EETI/K 1000 mL, [EAKEEFE
FIBg 18 go

PR R CMC-Na20 g, S T4E s
5¢ HFHEFE S g KeHPOs 1 g, KNO; 1 g,
MgS04-7H,0 0.2 g, CuCl>-2H,0 0.1 g, FeCl; 0.02 g,
Z B 17K 1000 mL.

FRFLLT4ER B 97 %L CMC-Na 15 g, NH4NO;
lg, MEEE 1g, MgSO47H20 0.5 g, KoHPO4 1 g,
BR 15g, £BT7/K 1000 mL.

CMC-Na WIS 4057575 : CMC-Na 18 g, KoHPO,
0.5 g, MgSO47H,00.25 g, WK 2 g, NIRL 0.2 g,
BR 15g, £BT7/K 1000 mL.

NA B 975 4WE 3g. EAM 10 g &AL
5 g FIZ&1H7/K 1000 mL, 121 °CKH 20 min, [H{AL;
FREEINBENE 20 g.

1.2 753k

121 EH®HOSHE5HE TEFAF T 05 ¢
FAFEAFRES, B EGEREEEFES, T
36 °C. 180 rmin”' FIFERFIRGH;FF 3 do HUEFF
JE IR A AE 104, 1075, 105, 223 T
2R e R R TR, B R SR BRI R
1E LB 720k bR ERILRaif, AT

It : A R R F, HeF T CMC-Na
NI LI 8597 3E, 30 °CR 9% 24 h )5, WLEEHRIVK F 1B
B BE R B O, SR A 12 28 S 207 B P LA

(D) 5HEHERZ (D), FFiHEHEE,

S0 K15 77 48 h BT R 1 B SRR 1 000
5, BI5IRATT NA AR, #E 10 min J5, L]
it D/d WWER S B R, B8 s T EIRTiR,
30 °CH5F 24 h Jio WL BE P 1 O, 0 18 5 R AT
IR RO R 1) H b AR 2O-21,

1.2.2 H# Hzq23 9% = JEELEMAERAL
RV 98 22 S0k [22-23]. A EFEFIZH DNA 32
HU % 16S rDNA ¥ H§ 2 HESCHiR[24], H FiERBAY)

BHAR AT ST, 414 NCBI %47 BLAST
FIUR T I LERT, 856 A 5 A0 AR B AR A RRAE A 52 1
PRFHE o
123 Btk Hzq23 AT A 4F 4% (CMC) BEE N 52
PR AR e Pl B AR R R R L, T 28 °C. 180
rmin fEIEIRZ B 7% 48 h, HIEFHER. BFEER
BT 10mL B.08H, 7810 000 rrmin' 4 °CE1F
NAGHED 10 min, WERATTES, ERIINE
B ARA PR w AT 41 4E 2B MR E
1.2.4 H#k Hzq23 TIAA S0 WK TS
100 mg L' L-A % B2 /) LB AR5 77255, T 36 °C.
180 r'min~! 25 PR HEFE 24 ho B 10 mL ¥537 )5
(I 5 000 romin~! B0 10 min, HUEIEW, N
NEEARFA Salkowski HE R (EHL 50 mL 35% HC1O4
S 1 mL 0.5 mol- L' FeCL AW, IREWAEE
FRAEARFIR B RAT), BEEERE ZE 30 min
J&, AE 530 nm AIEHBOGEE, EKYE IAA bR
HEM T B RS TAA IR RS,
1.2.5 Ht Hzq23 BAFEME A NZ  FHFET
TEHEL OB M S, J0F (FL4R 0.425 mm, 40
FDL 3% B 12 25 N 1%+ B SE i BRI
T EEE, HEPEDERFTR . PR S g %A
BT =AMAMF, A 30 mL LHE/KM 2 g iR
BN; ADERZE NN 10 mL K FEZ)A 108 CFU-mL™ B4
W, RN 10 mL BRIk, BT 36 °C. 160
rmin”! TIRFEFE. 0l TEFRES 15 RAE 55 REX
=M, IR R E TS = 22 0+
g, FEUEW, WERDA LIRS IR A
HET 80 cCHAFTHTREHE, HHIKKKE 3
ANEE, RAREREERFTE R,
1.2.6 H# Hzq23 ®EREAER ) BiF 74
B . MRS, EER S R, I
Fr KR 2 H A KRR R 60%. IR A —E
AR, WEMAGE: (1) M. mt
erp Rt 30 mL KEZN 108 CFU-mL™ 1) Hzq23
E (2) WHHBALFE (CK): [ 3 in N 244
THK, FAHES 5. BE49d 5, MERKk
PR MR S BT B A K hai,
1.2.7 B Hzq23 B & maAAmeae s &R
KNI AL R H AR HE M T H 75%
PR XT P T AT R T B 5 min, P AR 4L
N 1% PR BN IR 5 min, 55 G HKIE
Ve S IRE&R . HERGKFI T NP AhBRZ K
FE A 1x108 CFU-mL" ] Hzq23 B RAE 28 °C4 4 T
12012 hy %R K 1 [F) VR BE R RIR I, TR
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WHE 3IANEL. BB T 5 E T8 84l
(R FRILA CREINL 55 K1), BN GHRRE FRA i 2F
R IR A B NIRE 28 °Cy 6l 16 h-d'. R 8
h-d™'\ MBEA 70%, HAMRIEERE 2 h WEIE40REE,
SIS AN TR K AR R . 5 1~2d, fFRpT
B AL RANE R E . BMYHEKE
P — O IR, MR ZH AN AR FR A b 3R L 3 R K
AR . RS dE, A
FEFRFERR 30 mL ¥REA 1x108 CFU-mL" f] Hzq23
W, AR FER SRR . — S, BT
TR RERS IR 1108 CFU-#K ORI B 42
P B — 5, WG R R A K bs S R
.I%%[ZS]O
1.2.8 HEH Hzq23 ®9RFEALAKEHHART ¥ 50
mL LB &5 7755 T 250 mL =AM, fdkmi s
0 1%3M Hzq23 B, T30 °C. 180 rmin! #/K
BR, FRERAE XML . KR E 5 A
Wh: YHGTRIR (GZZEME. REME. FLVE. AW,
HiE. HERED. VIARIE (BilRek. . &EA
MR TEERR . JRE . B2 #I4h pH (4. 5. 6.
7. 8+ 9. 10). EFFRIEIE (24, 28. 32. 36. 40.
44 °C) FIRFFREEHIAA S E (25, 50+ 75, 100, 125,
150 mL). 357724 h J5, W2 WEIEE (ODeo),
PATEAR B K L. FReHE 3 N EER,
1.3 Geitsth

K H SPSS 26.0 #4T##E 4t 1t /0 #r, Origin 9.0
ALY . RIS % 7 Z 587 (One-way
ANOVA) # Duncan tg5 (P<<0.05) 73 #rilie A [F
bR AR 22 5

2 HER59

2.1 HEHRDBESIHFELER

T EREAT AR IL R IE Y 4 Mk B R4k R BR AR AE
JIMIZHTE (Hzq23+ 30d8. 60d28. 60d31), iXLEis
PRI RELE CMC-Na NI 41 [ 55 7 0 7= R i WK
fEFE . HAP Tk Hzq2d Fer g REEE iR, 1A
799.71 pg-min~-gt (B 1. RN, SUZERRG R
T BRI H B R AHIER (B 2). tk4h, Hzq23
PR TAA REJJHAR, WEEE 427 mg L' (3R 1.
AR S Hzq23 Al LA 4E 3 M (R A
P Z DIRE M, 5 8nmd B A 5
AR IGHE— DI AR . (RAEFIHURROR .
2.2 Bk Hzq23 OFES . EIBEMRIBEMER

Hzq23 7£ LB ¥: 325 BB R B v 2 E
PR AN ANER, Fc, Sk

e (& 3). AABRAEEFIER R, WPk Hzq23 N
IRBAPER, FPEREA, wrod E A JER KR
A6 B 6 R FH R PR e v AR 6 3 A R P, FR AR
BOF V-P RIS AR (£ 2). 454 16S RNA JF
o3, LN IR (Pseudomonas
aeruginosa) (B 4). ZwtkC T 2023 £ 8 H 7 H
TR AT T [l A P R o PR R P 23 1 2 s A A
ORI, PRI 5 CGMCC No. 28121
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700

I
g
g 600

& 500
¥ 400
& 300
& 200
§ 100

Hzq23 30d8  60d28  60d31
Pk

R EARNG FREFRORAE M Z R B (P<0.05).
1 B A%E RS

Figure 1 Cellulase activity of different strains

2 E¥k Hzq23 HIREE
Figure 2 Inhibition zone of strain Hzq23 against ralstonia
solanacearum

T 1 HRTIAA RERE

Table 1 TAA concentrations of screened strains
e TAA JiEWRE/ (mg' LD
Hzq23 4.27+0.082
30d8 3.08+0.04°
60d28 6.79+0.04¢
60d31 2.2140.084

T R EEL I E E T EE £ ARHEE (n=3),
FIR AN NG RN B 22 5 23 (P<<0.05).

=

3 Btk Hzq23 BIEETLZS VLR

Figure 3  Observation of colony morphology of strain Hzq23
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Bacterium strain BS2117 (MK 825305.1)
Klebsiella variicola strain YD8 (KY887765.1)
Raoultella planticola STW0522-56 (AP022438.1)
Priestia megaterium strain H2 (MF614908.1)
Pseudomonas putida strain P6 (KT984874.1)
Pseudomonas monteilii strain LW-2 (MF045811.1)
Pseudomonas aeruginosa strain L36 (0Q405765.1)
Pseudomonas aeruginosa strain M4 (MT180543.1)
Pseudomonas aeruginosa strain sD3 (OP060722.1)
Hzq23

Pseudomonas sp. strain EFB11 (OP893815.1)
Pseudomonas aeruginosa strain YLB2 (OK325680.1)

&5 NP5 9 GenBank #3355 73 3 s _ERIHUE R bootstrap SCRFE; AR RS 0.02 METTIR B el GEALFEE.

& 4

ETHH Hzq23 A9 16S rRNA EEAFFHMEN ARG L B

Figure 4 Phylogenetic tree of strain Hzq23 based on 16S rRNA gene sequences constructed using the neighbor-joining method

= 2 EHE Hzq23 B IR (45T

Table 2  Physiological and biochemical characteristics of
strain Hzq23
TiH iR TiH iR
VER K i + Fr R 560 F 58 +
V-P 56 - HH IR A +
LR SARA Y ) - B R -
s 05 + AR FHetE R4
e HRIRBATE RN =R B SR

*® 3 HI& Hzq23 WEMEFTROPERER
Table 3 Degradation of tomato straw by strain Hzq23 in

shake-flask culture %
Jhpid B3 15d Bigt 55d
Tow K 23.21+0.22 25.66+1.23
Hzq23 25.63+1.16* 29.5742.83

E: ARNAHEIE ZE R 2 (P<0.05).

2.3 HEkk Hzq23 HOFEFFRERREE S

RMARIG R, 5555 15d I, Hzq23 BRALER
YT HFEFT R AR ZR IR 25.63%, T B /K Ab FE 4 42 155
10.43% (P<<0.05), 3 HHiZ b im0 Inss Al AT 5 300 1

fifts KiFE 55 d B, BETRACER A T AOAEFT BEAR R L
KA FRA R 15.24% (£ 3), HisRIHm R iR
SRR BT T I Ao B2 4600, 1E—DAIESE Hzq23
T RT RF AR T AR AT R R
2.4 [tk Hzq23 BRI E R Hmae

IAA ZribRe e 85 R iR, Hzq23 Bk %
i TAA [EET), EEANTS TAA /iR 4.27
mg L1, FEAEKRES Hzq23 Wi, A KIEdR
BERI (P<0.05), HrAfEpkHh BB E. %
AR KA TE B /K AL B ZH 23 T3 36 0 42.2% 42.2% 1
43.7%, R Hzq23 WX aitER R A B E
AVER . B RIS 25 R B, Hzq23 BN &b
o B LA IR s 3 — 2B R kT v 1
R, TCHEKACHEA T An i R R S TR ECA 100%,
MM Hzq23 R R ST EU% 2 50%, PR
BN 50% (£ 4), 1FSE Hzq23 BT & 3T kb B
a—EpiEsEE (B S5).

® 4 HIK Hzq23 MEMLERE KRBT B HHHRRHEFN
Table 4 Effects of the inoculated strain Hzq23 on tomato plants

Qb3 ki /cm RK/em i i & /g FiE/g It FE AL AR RUR %
ToHIK 11.25+0.63 6.75+0.30 2.96+0.34 0.4440.04 100 0.00
Hzq23 16.00+0.80* 9.70+0.53* 4.21+0.05* 0.52+0.02 50+19.05 50+19.23

E: ARNAHEIE ZE R 2 (P<0.05).

A B

xof HR A [REE]

xif HE2H WA

5 BE% Hzq23 MEMLERE (A) REHRK (B) #IBGAIER
Figure 5 Effect of bacterial strain Hzq23 on promoting tomato plant growth (A) and preventing bacterial wilt (B)
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Figure 6 Effects of different temperature (a), pH (b), liquid volume (c), carbon (d) and nitrogen sources (¢) on the growth of strain Hzq23

2.5 EFk Hzq23 RS KEG S

B Pk Hzq23 7E 28 °CHAE K&t K, ODgoo 1A F|
2.136 (E 6 (a)); [ pH Ft iy wIAkAE K 2350 F 7
s, pHikF| 8.0 i, AKEXE|HAK, ODsoo N
3.701 (6 (b)); ZEHEN 50 mL/250 mL i,
¥k Hzq23 B ODgoo [E 5 1, A 2.425, P2 & A4
m,iﬁiﬁ%LﬁT&ﬁﬁ<@6@» ANTA
PREATT s Hzq23 BRI T Dot 46 1 > ACpE >
H B EE> 20> R > A0 (Bl 6 (d)); AR
VRN, Hzq23 WERIKE N E (1R > B R > A
B >R RS> TR > IR E (K6 (e)).
3 g
3.1 Bk Hzq23 F=AHEREEEN R EXTEFERE

=ppA

TEAF E AR P YE R AR =S5 %
RV, HpagEReRnm, EERRET
JE R RS . HATE N B, REFTIE
Pl 7 £ 44 2 A AR 0 10 JE3 A P A RO R AS AT B
FRRLO-31T . AHIE T TG AR FT o 07 04t — AR 4T 4 3R T
T T A SR AR B B ( Pseudomonas  aeru-
ginosa) Hzq23, H A4 RXIEME RIS 799.71
pgmin gl ERRIAAME T, Hzq23 HEMFEF T
HIT 3 Aok P S 2 3T . R A S R B, AR
J 2 B L) A 2 2 AR R SRR 2 — B2, R AT SE00)
MOKFEFEFF R SRAZ I AR F19, FEFFEEERA

13.58%; #& i MM A2E 3 RTIF I BEARAE 5 d
PSEEI 14.70% RS FT R 2R 5 9 7B 5 S 300 ik He 4
X FRFEFF BRI #, 15 d JBAREN 12.18%.

AHIF T2 G758 R B ik Hzq23 38 40 Wb £ 44 R g B4 At &1
ek, WEATEASFIR MRS, NFEFTIL R

&3 A B N FH SR A R
3.2 FH#k Hzq23 S EME KRN

RRIS AR K], Hefh Hzq23 WG, &l
o AR . ARmATIRK I WA S . A
Y5 (PGPR) it /pih TAA SRV R B0
ﬁ%%%“ﬂ%@k,mﬁﬁﬁ%iﬁmiﬁm%

— o AR VSR CARE SR I, AN AR bR AR AR B
FQD47—2 A FQD13 feREM ML A E, HA
AR . Abd-Alla S35 IE Y 12 MREES R
¥k, H77 IAA WEHN 3.5~22.5 mg L. AR
FOR I, Bk Hzq23 R IAA B8 71(4.27
mg- L), RP\HAME LT R FHINRE, EREIE
HMEBEARMEHED ALK, A
HeRADIRe MR & DR B ik
3.3 E#k Hzq23 MEMBHHNEDRGEER

e T W A A d FL AR G S FIBHAR 77 1 A% s
F2 —CT, B R AR A AR AR
— o BT IE I AR AR, UESE Hzq23 X
R R B CERE SR IRE D B B HEA,
HRBTROE 50%. BEFURI, BRI E R BRI
AT, AT 530 2 PR S5 R B AR e,
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WAL 52.34%, HAe R R & .
Hzq23 %5 M S Bu/E F AT Re -5 = A e s P
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