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Abstract

Objective: To prepare a composite system of Protaetia brevitarsis frass and bacteria-loaded hydro-
gel (B-GelMA) and evaluate its inhibitory effect against Verticillium dahliae in cotton. Method: Using
Bacillus amyloliquefaciens as the target biocontrol bacterium, a standard curve between ODgoo and
bacterial count was established. The bacteria-loading conditions of B-GelMA were optimized; the
effects of temperature and pH on bacterial release were investigated through release kinetics ex-
periments. The inhibition rates of frass, B-GelMA, and the composite system (frass + B-GelMA) against
Verticillium dahliae were determined using the plate confrontation method. Result: The bacterial
concentration showed a good linear relationship with ODeoo in the range of 0~0.35, with Rz = 0.9882.
The optimal loading conditions were soaking time 8 h, temperature 31°C, pH 6~7, hydrogel mass 2.5
g, bacterial solution volume 30 mL, and initial concentration 8 x 108 cfu/mL, achieving a bacterial
loading capacity of 2.16 x 10° cfu/g. Release kinetics indicated that bacterial release followed anom-
alous diffusion at temperatures < 31°C and switched to Fickian diffusion at 234°C. At pH 6~9, the
release mechanism was anomalous diffusion in all cases. Plate confrontation results showed that
the inhibition rates of B-GelMA and the composite system reached 61.72% and 60.00%, respectively,
which were significantly higher than that of Protaetia brevitarsis frass alone, with no significant
difference between the two. Conclusion: Protaetia brevitarsis frass possesses certain antifungal ac-
tivity. In in vitro antibacterial tests, B-GelMA exhibited stronger inhibitory activity than Chongsha,
playing a dominant role in the composite system. The comprehensive effect and synergistic poten-
tial of Chongsha require further validation in the soil environment. This bacterial-loaded hydrogel
demonstrates high loading efficiency and controllable release under suitable conditions, showing
application potential for the prevention and control of cotton Verticillium wilt.
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1. 518

L7 50 5 S IR AR b A5 37 508 X3 22 % O Je b T 4 48 S 3R EE (W L [1] o SR T, AT B RF Sk & 4,
T H S P S AT 4 DT . BT 5000 FHAZ R Yy, R IETEEL > 5.0 FIMRH Y 28.1%, &UFHRE K[2].
HUSRALAE L A AR AR AT B SR A U S A N [3]. DRk, JRAR MR, PR, PIHRREE 1B
P B A PR BT SR A6 7 22 4 B B o DT B 7T 8 Y %00 BH ORI #8476 (Verticillium dahliae)
SIS, 7 R B AR A% TE LI KRS, R YA R BT Rk BERIETC[4] [5]. ENAMESIEE R
BB, AP RAEM BTG S S TR T REW . PR H MG URIE L Ek ST R, 7
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JE P B AR DX 22 250 ol Xt 8 28993 7 A TR BB K, R s 2890 S AR AR R [6] . TL# B TR Ik Z 5K
27, B 5 IE RS PRI E[ 7] ARONVAE HESZ ) T A HET . AEMIBTR R AU %4, A
AT OV ERARIRAR[8] . FEPURAE YR, AEVE R ZF HUAT B (Bacillus amyloliquefaciens) PH] /2 5 /5% H1EA
P FLAE AR AR T 4 52 593 [9]-[11] « (B4R SE A= 17 B 77 IR0 A7 3% A S REROW A, PR 7 HoAae v S5 [12].
IKEEIR AT =M A G5 8, AR T WROK R ZK EL AT # R, 7E 24 ) a8 12k AR A L] 5 A b S )z
[13]. HIHH TR A E AR, T4 & AR R RO e PE[14]. duRb, HRRE SR, & &AM
A ECR, R R 185 1[15]. ARIE S AR SR B E S R B0 E — e Biis L
(161, 1EAEFBLE] K HORb 5 8ARM R P R R A B8 CARHF S UIN 550 ] B F F0E S /K e i ] 1
NAEGT AR, BEME MY R LIRS MAA — €%, A5G0 6ME AR ARNME. K
BB BT SFAT R Z RGN, BUEATEE . BB KBRS T i RS 11 2 AN, M DURS HESE RS
U 55 7K M R A R I B 4T 3 00 B (O R Rk i o DR, TR AR HURD - KRR - ZEBT TR
—“ILEERR, WL EER S T2 BTN RINE SR TR U O ) ] At 52 DL R S D
AL B B (GelMA) K B A, fEER 2 FOAT B H AR AR B, R oA R 25 A, e B PR S5E [R - X 1
PRI 7754 H R s 3B ARG IR LA s L 38 B 7 e B % B 5 Tk 2R 5% K8 B 1 P4 %,
RS IR, AR L 20 S B T PR AR AR IR AT R S

2. 5 HZE
2.1. Bt

P D o 1 AE 4t (Protaetia brevitarsis) 3 W 4h HUBTEESE(E, 7 BB A K 2 Ik 3 g S RIS 3h
7=, TR A7, A, 100 H s & H . A 57 0 v i ek 2F f T 1 (Bacillus am-
yloliquefaciens) & #k, HILI SR B AV BHHA RA FHE . ALl J5 5 o R BL B (Verticillium dahliae)
BAK,  H TR Y KA B R SO s AR . F IR TR IR AL W (GelMA) K 58 i T S i S A b
(TN HERAT], LB A FRE L T 2 ERHEA R A A

2.2. UEMTFRITEER OD EANE SHREMLZE

I A S Ak 68 B 2B A YT A e A 28 FRURT 1 TRV, FH I 8 A B KRR Bl — R BIIR AR BE « SRH UV-
2600 7SR AN AT WL e 6 B THAE B 600 nm A E 2 EE T R KT RO (ODeoo) (BL,  BEME i EL 3 A
PATHE, BOTEME. R, SRARREIRAT TAGE XA R B0 O AT I8 T, T8 aR A0y LB [ i
Frdk, 37TCHiFR 48 h GGttt w4, LA ODeoo (E NMEALAR(X), Xof N2 BRI FZ (cfulmL) W A b (y), 4
HbrE 2k, FFE AT

2.3. HEKERHHIESHBERGML

2.3.1. BEKERRAEIZ

¥ GelMA JKEERIEN 96 LA H, HIMER 6 mm. JE 2 mm I H, SEMNTHEMKE 1h 5, B
TARASAE T I fAVE R 2 A B B, T IEIRRR IR (120 r/min) g6 2% 13k 12 he S ERUE, AL
PBS Z2 ik i i e I R I 3 I LA EBR AWM R B A4, 45 21 878 i i A 28 FOAT 181 PO R /KB IR, 12
1f B-GelMA.
232 REESHERMH

SRR LTITE, FEEE 1.2 PERITRE, B2 At IRy 3, B s /K e e ks L £
BIARVER E AT R B B SR . o] LB WA IR, M A s MR ER R AT, 75 37TCF
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PRGH IR ER BRI R EE R BEBCT 2 20 AL, 73505335 250 mL HE A . L — 41
A 20 FA K AMT B KB 1L h BKEBERRURL, VEN AL 53— AAIMUKER, (Faaxtif. fss
HJa, ME B BERAIBOCREAE A 25 B IR R AIBOE A A2 BH Q) HEHE R R) M HHEZ LA

() FIQR)iH5 .
Q(cfu)=a(A,—A)+b (1)
Rza(AZ_Ai)-’-b (2)
aA, +b

2.3.3. BEFZHM®L

MR AR, SR R (2. 4. 6. 8. 10. 12h). FEIEE@5°C. 28°C. 31°C. 34C.
37°C. 40°C). WK pH (3 4. 5. 6. 7. 8. 9. 10). /K&t E(0.5. 1. 1.5\ 2. 2.5, 3g). B EMAF(10,
20+ 30+ 40, 50 mL)FIAJURMR BERT 7K Bt JR A B 52 M 3 B 2 ) s i), Tl s e fh i ok i« BRI R 5 A
.

2.4. B-GelMA Bz hEHS

TEHUA B A — B0 B-GelMA ZKEEES, 43 7l it 7t FLAE IR 73 0 h 25°C . 28°C, 31°C, 34°C. 37°C.
40°CHI pH 43518 6+ 7+ 8. 9 BEEE FHIBEABBUT N . WA BB /K B E T 854 20 mL JCEE PBS Z2nf
Mg, FEEKBIRY 2+ EH (120 r/min). 3H17E 1. 2. 3. 5. 10, 15, 20, 25. 30. 40. 50.
60 min B F] ASSEHURE, W8 BE AT S5 R R ODeoo fE, T RAVREIE . K FH Peppas 4856 77 F2(3) Al (4) %t
PR FR AT B 7 5454

M, | .n
v =kt 3)
PAWNS LB EAEE
In(M,/M,)=niInt+Ink (4)

b MOt E] A RBURE ISR (cfu), M, DA PRI (cfu), Kk W REISGE R E L n Oy idE 4.
Lhint 9 x i, In(M /M) Ay Bl Ink ABE . R4 & 1 P AR BURFETR B, DURIREE L2
RIRMIE NS

Table 1. The relationship of Peppas empirical index n and mechanism of drug release

5% 1. Peppas R IEE n STAYITEMBINFI X R

ZIGFRHE n

FEIBLH
JIRAE Y FEAR A BRORAE A
Fick ¥ <0.5 <0.45 <0.43
ANHRIUH 0.5~1.0 0.45~0.89 0.43~0.85
PEASLICIIN: >1.0 >0.89 >0.85

25. ERFEMIRILRERBEAMFIBR

KA IR o K5 R INAS BB W DR (ELAE 5 mm)#%EAT T PDA PR o, FEFRES D 2 om Abd% 4k 2
WEM 4 MLBE, SN EE S5 A ES, 25CHRBRMIGEFR 10 d, +H XENEREER, iF
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EM 5

HMEE, AT

W B2 (mm) = R E2-05 (5)
TR B2 (mm) = B3 B T ELA% — 15 R0 B X iy £ 5 i (6)
s HE 78 B — AL R VK ELAR
% (%) = (2 %?Hfi e Ll ). 100% )
(X% Az -0.5)
Table 2. Experimental design of frass composite biocontrol bacteria
2. HWESXEHEIRIEEIT
PGS A FH 771 THIFR HVE
el =PayiEE| 1k Vehicle GelMA 7K Bt
HEAAAS B RIH 10 mg Frass M E AL 4 i R 7P (1500 kg/hm?)
B-GelMA 7Kt 4L 1k Gel_JDF B-GelMA JKEER
HEHMRA 10mg+1 } F_Gel JDF i + B-GelMA 7KL

2.6. BS54

FT A B8 K FH WPS #EATHI 5538, R SPSS 26.0 #3347 Giit /3 At oAb 3R ) 2 S5 5 355 1tk SR P A 1A
7 Z 5 HT(ANOVA) J Tukey HSD % # Eb#i(a = 0.05), “FnEREZE, p<0.05, “ERERKEFEH p<
0.01, ns F/RLEZEZER, p>0.05, KL graphpad prism9.0 #4252l

3. GREHH
3.1 FUREMTFRATEREES ODen HAIXHR

X AN R B A A0 24 SR 11 TR VBUEEAT ODsoo W AE S i 1 H 4k, 45 Rt 3 A& 1 iz BL ODeoo
TEONBEAARR(X), BRI BE (108 cfu/mL) A ALAR(y), AT S/ —3fik . SRR, MRE R 2 fAT B8
£ ODeoo B 0~0.35 YN, R SWOLRE 2 RIFIIAMER &R, E #ELR? = 09882, RUMEIE
B, JiRERIRTREVE SR . % BT RE AT TR SRS RYE ODeoo MEARIE . HERfHLTHSAR TN 2F AT 1
O T A

Table 3. Relationship between bacterial count and ODsoo of Bacillus amyloliquefaciens
7 3. HREMF T EREHS ODeo X5

TR CK 10°¢ 1075 104 103 102 10t

ODsoo 0 0.023 0.041 0.078 0.094 0.187 0.336

#(x108 cfu/mL) 0 0.11 0.29 0.68 1.26 2.42 3.95
WA IR y = 12.28x — 0.08055 R2=0.9882

3.2. AEIFMERERT B-GelMA HEHRZANHEBEMTEEF I

Wil 2 pros, i AR ZORE, 2 B GRS IR AN R pH KO 2 T A AR B R I
o, S5RKM, 78 2~8h JuEWN, FEERIER TR, AKER A E B MR R 2 0E E &, 10
h ik 35 KAl , 4399 2.58 x 109 cfu #1 56.93%. {HE I 8 h 2 J5 #i i EAER H R TP, 25k 2.39
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x 10° cfu A1 55.94%, 5324 10 h F1 12 h ZLAH ELTE 2 2548 in(p > 0.05), & BHIRIEIT 1] 8 h Aydee 5 8 i [i)
(& 2(a), K 2(b))-

577 Y=12.28 * X - 0.08055

1 R?=0.9882
g 4
g 3
S
x 2
R
|1
0 |
0.0 0.1 0.2 0.3 0.4
ODy, 18

Figure 1. Standard curve of Bacillus amyloliquefaciens

Bl 1. fEM ST EinE L

16 25°C~40°CYu [l N, # & EILTH= 5 FRARME A . 31°C R b A3 ik Bl iy, 00N
1.69 x 10° cfu 1 57.54%, B2 T HABEEH(p<0.05). HIEE(LT 31CH, HARIEERIL, &shkt
AR, FEORMERIK: SEE ST 34CH, fRIEM AT RN RBE I B, B B E 1L, [
B AR AT RE R3S, DB B R T, Uil B-GelMA /KR T 3RS b 25 FOAT 1 1 BOE I N
31°C (&l 2(c), & 2(d))-

1F pH 3~5 JEEI AN, B =K, 43700 0.83 x 10° cfu. 0.83 x 10° cfu 1 0.95 x 10° cfu, LA 5%
Z5(p>0.05). X pHFE 61, HEEDEMIME 2.38 x 10° cfu, pH 7 KHEF|HAME 2.58 x 10° cfu,
2 [|) 22 5 2. 35 (p < 0.05) . B 5 pH F+ & 8~10 B, BT N o 2 H R A S8 e m A —F
pH 3~5 I # 1 R HBA%, pH 6 I &R ETF4 80.27%, pH 7 Ik F i 1E 88.34%, Ffi5 pH 8~10 &4 K
Bt o IX R BH R pH 6~7 PR ARBE SR A A R T AR A0 2 F AT IR 7E B-GelMA ZKEEI I 3k, i id B2 (pH
3~5) it l(pH > 8) BT 2 il S ER MR (14 2(e), [ 2(F))-

3.3. TRRESERT B-GelMA HEFE AN HEEMBERIM

BEAE KB R R I, MR A BT FRER. WKk 3 s, 059 MEERERMI, H
0.79 x 10° cfu, 2.5 g I #F FiL R H A{H 2.25 x 10° cfu, 3 g k&N 2.20 x 10° cfu, 5 2.5 g 4L
TR#EER(p>0.05). 259 M 3gHEHEEWEEST 05, 1. 1.59 24 (p <0.05). #EE M KE T =
TR A SEEE . 0.5 g W #E KK, N 52.35%, 259 MHHEFIARHMH 81.98%, 44
FETUEF AR, B e e KB P& 2.5 g (81 3(a), 1 3(b))-

BEAE B VRARAN 10 mL 39 hn% 30 mL, #pE R bIEA . ARGk EaE K% 40, 50 mL B, #HEE
HRT R, 10 mL I8 A%, 5 0.79 x 10°cfu, 20 mL I+ % 1.06 x 10° cfu, # 10 mL E#FHE 5 34.2%
(p<0.05). 30 mL i % 5 F ik 3 KME 1.70 x 10° cfu, &3 75T 20 mL 4H(p <0.05), $2£7 60.4%. 40 mL
HAN 50 mL KRS 30 mL A ZEF AR (p>0.05), HEZEET 20 mL 4 (p<0.05). HpHFbE
WBARTR AR 53 & — 3, 10 mL IR RS, v 32.32%, 30 mL I 4 B %1k B i K{H 60.27%
(K 3(c), K 3(d)).
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SR

= 3(e) MK 3(HFTaR, 7E 2 x 108 cfu/mL I, 5B MR R RS, FIME 779 0.23 x 10° cfu F1
51.87%. f£ 8 x 108 cfu/mL I, R EMEE R, FIMES A4 2.16 x 10° cfu 1 65.31%. 8 x 108
cfu/mL 4L %R & L 2 x 108 cfu/mL 4152 4% = 839.1% (p < 0.05). %K 41[A) 2 5 8 ¥ (p < 0.05), #HH
SFEYILA R B ek 2 E T

as b 80
o 4 ~
o — -
G % ”
3_
# &
W% 2 S
g 3 20
11 P~
&
A 0 T T T T 1
0
0 2 4 6 8 10 12 14
2 4 6 8 10 12 S )
R b RASHIN
C 3 d 60
= * *
[=] e
= ns * % ns * 55
= =
% W& 50+
® €
i§ % 45
Q
<$ )
m 40 T T T T
fEEE (C) fHERE (C)
(] 4 f
~ " 100
2 =
s E 80
60
" i
® Wk
W& ¥ 40
g s
% 8 20+
&) m
) 0

L L L B B L B
56 78 91011

[\S]
w
g

3456 7 8 910
pH pH

e (@F(b), FILHANT B-GelMA # B A R B =R E R, (C)F(d), FAFIEEST B-GelMA #E A R#
BEMFEE R, (e)FI(f), pHEX B-GelMA #E & RMBEHEM K E LKW, "KrREFLZE, p <005 nsk
INTCREZESR, p>0.05, Ab¥EEZESR R MK R R T Z 50T (ANOVA) K Tukey HSD £ H L (o = 0.05).

Figure 2. Effect of different environmental conditions on bacterial load and bacterial load rate of B-GelMA system

E 2. TRIMEFMRT B-GelMA HEF RV EEMIE RN
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SR

B-GelMAARZHRE R (x10%cfu) o

B-GelMAERRE & (x10%fu) ©

B-GelMAL ZEEE (x10%fu) @

05 1 15 2 25 3
KEE TR (2)
4
*
3_
* % Ns ns
2_
1_
0_
10 20 30 40 50
BWA (mL)
4 *
34 * * * ns
2_
1_
0_

2 4 6 8 10

BBAIIAWREE (x 10%cfwmL)

B-GeMAAZHH R (%) & B-GelMAKZZEHER (%) o

B-GelMAERIBHHR (%)

90

80

70

60—

50

40

80

N B N B o e .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

KERERR ()

60—

40

20

0

0

70

— T T T T
10 20 30 40 50 60

HBAER (mL)

65

60

55

50

0

L e e e e e e L
2 4 6 8 10 12

BAIMAREE (x 10%cfu/mL)

FE: (Q)FI(b), 7KL fEXT B-GelMA 35 74 R IR if AR R R (C)FI(d), BIVRIARINT B-GelMA 3 A R 1
WEBMEEELW; M), HRWIBKEN B-GalMA HEERNBHENRERELM, "RREFLE, p<
0.05, ns FARTLEEZER, p>0.05, b [AZ 7 52 MR FH B R 307 Z 93 T (ANOVA) 2 Tukey HSD £ i Hi#5(a = 0.05).

Figure 3. Effect of different operating parameters on the bacterial load and bacterial load rate of B-GelMA system

E 3. TE#HRIESHX B-GelMA HEF RN B E S MBEEFNT

3.4. FEREX B-GelMA HEFRNB Nz NFEE R

KH Peppas £ 77 FEXT B-GelMA K EEIBAE A AR E T B T MORE G R HEAT B 77 2. DAAERARE

NS, FREAEE TRV BEEE n. BHGERE Bk MEHEMRCRH R?, BMEE T =AEEM
T RRBE, “FHERBGE MLE 30~40 min -4, 25°C 4 0.70 x 10° cfu, 28°C>A4 0.80 x 10° cfu,
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31°C M 1.09 x 10°cfu, 34°CA 1.09 x 10°cfu, 37°CA 1.11x 10°cfu, 40°C>A 1.20 x 10° cfu. EHUREBLL 5]
7F 10%~90%_2 [ I A] 4, BP 0~25 min, #BEATLRPERIA, 455040 4 F% 4 FioR.

1£ 25°C~31CIER N, §HFa%E n /T 0.45~0.89 2 [a], ZRBHEMBHLE VAT Y B iR & T
& 34°CKULERS, n fEHI/NT 045, BEWLGIE AR Fick ¥ H#k. BEEIRETE, Ink )-1.825 5%
—0.308, REUHAE A k HOK, VBRI, AR R

~ 14 25°C

c\% 1.24 o 28°C

= L

E 1o e e
&= 34°C

gg 0.8 .

ﬁi — 37°C

‘N{’ 0.6_ o— 4Ooc

g 0.4

g 0.2—

M 0.0 T T T T T T T

; !

0 5 10 15 20 25 30 35 40
IfE (h)

Figure 4. Effect of ambient temperature on release kinetics of B-

GelMA carrier system
& 4. FFERE ST B-GelMA BB RIRHEI HFERIT

Table 4. Relationship between parameters of Peppas strain release equation and temperature

7 4. Peppas EMBRH AR SRS RENXR

TRE(C) EIVEpy i RHE(n) EE (Ink) R2 RETBHL ]
25 y = 0.486x—1.825 0.486 -1.825 0.992 SR
28 y=0.524x —1.565 0.524 -1.565 0.976 SR
31 y=0.519x—1.273 0.519 -1.273 0.975 AHRI
34 y =0.401x-0.975 0.401 -0.975 0.988 Fick 7 #%
37 y =0.375x—0.721 0.375 -0.721 0.987 Fick ¥ #k
40 y =0.138x—0.308 0.138 -0.308 0.993 Fick ™ #k

3.5. ¥ pH %} B-GelMA HE & RNBENEHEEMm

R4 IR H) pH Bl 1127 8dE, K H Peppas Z56 77 F2 4} B-GelMA /K &R EANE] pH 2514 B & Fh
FEROE AR AT B Sy 2840, . DIFRIRBEA N 2%, 1HE pH T B 5 ny BEBOE 5 80 k L2 AH K
FER?, A pH WEAEE R RBENE, THAPRBE ML.HL 30~40 min 1)°F34{E, pH6.0 4 1.05
x 10° cfu; pH 7.0 4 1.192 x 10° cfu; pH 8.0 &y 1.12 x 10° cfu; pH 9.0 I} 1.27 x 10° cfu. EHURE i LL 7] 7E
10%~90% . [F] (¥ i [A] fUEAT 26 M IET U5, 45 B an &l 5 fk 5 fiR .

F pH 6.0~9.0 JEFEI Y, ¥ HLFEE n 39T 0.45~0.89 Z i), R MR HLHEIZ A . BEE
pH M 6.0 F+ =% 9.0, n (HIZHTE/N, Ink —2.101 4% -0.946, FEHOE R HEL k Jaim/NE 1K, BiH] pH
7.0 TRURZ, 1M pH 9.0 NRBURR.
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e (h)

Figure 5. Effect of ambient pH on release kinetics of B-GelMA carrier system

F &N

Table 5. Relationship between parameters of Peppas strain release equation and pH
%< 5. Peppas BFEHAIEXNSHS pH X R

pH=6.0
pH=7.0
pH=8.0
pH=9.0

pH
6.0
7.0
8.0
9.0

Bl U= 7 A
y =0.682x — 2.101
y=0.714x — 2.254
y =0.593x — 1.832
y = 0.475x — 0.946

FRES()
0.682
0.714
0.593
0.475

A (Ink)

—2.101
—2.254
—1.832
—0.946

R2
0.974
0.986
0.967
0.971

RE T
ARk
ARk
AR L
AR R

3.6. EAEAMIRIEREREHMBIBRITN

SR PSR ORI 52 6 AR Z R TR AE B8 2008 T 4ot 25O, AR A AR B 2R A A E5 R, B-GelMA
KB AR 2 2.16 x 10° cfulg. — N EAZ 6 mm. 5 2 mm FIEERIE Fr, A2 0.057 cm3, i
BZN 0.057 g, AR FREFEBELN 1.4 x 108 cfu, LLU=EHEMEE. Wk 6 fix,
Vehicle 2% H AL A A, M A 5.15+0.38mm; Frass 2Lk, “F¥ME 5 3.03+0.15mm; Gel JDF 4
FHME AN 2,28 £0.31mm; F_Gel _JDF 41 F¥{E A 2.36 £ 0.21 mm. Vehicle AE & EHAEEm T Hh =4
(p < 0.05) . Frass ZH A H £ A%, "V Y18 A 45.52% + 3.28%: Gel _JDF 2H-F-¥1 5 61.72% + 6.70%: F_Gel _JDF
PN 60.000% +4.46%. % HHLELSE F KB Gel JDF ZHA1 F_Gel JDF ZH (40158 245 &% % = T Frass
#H(p < 0.05), Z>5$2E 35.6%F1 31.8%; Gel JDF 41F1 F_Gel JDF 42 [A] % 5 A& 3 (p > 0.05).

Table 6. Inhibition rate of different treatments on Verticillium dahliae of cotton

6. FRILEMMEREREANMNEE

A3 A 5 = fRTFR VR B2 (mm) I (%)
7 TR 1k Vehicle 5.15 +0.38a -
HEfE 4 A 10 mg Frass 3.03+0.15b 4552 +3.28b
B-GelMA 7Kt 1k Gel_JDF 2.28 +0.31c 61.72 £ 6.70a
HatkRA 10mg+1 F_Gel_JDF 2.36 +0.21¢c 60.00 + 4.46a
#: FAIAFRNG F RN Z R 22 (p < 0.05).
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4. ¥1ig

AFTARAL T GelMA 7K B 57 2 A e K 28 FUAT 1 il 2% 25 1F, BRI T IRE S pH X BRI FRE ) 112
DRI, JRLREL T HURD . B KB S A R AR AR R IR R B R R

TERCH ARG, AR 5T DURIERTE] 8 h G 8 &l TP, 5ARGFR[L7]HRER WPU/PVA
KB I 7 BRI T LA B 1 e IR VT 8] 10 h AR, B AFATIS TM RT BE S GelMA 7K IR A FL IR 2 Fl L
RIMAA K[18]0 FAEF R 31°C 5 MR UE Ky 2 A B ) ol A8 IR — B [11], IR RN B K38 3l e
JIARE, i HEATE T, BB TR pH XA E R0 I K - & - IR B, pH6~7
I BB B B, 1 pH 3~5 MERPEIR I EL pH > 8 BB PR BT ] 61 3k . X 5 26 B B B 2 85 pH
E R 451 —E[19]. AT ARTE R SR AT B TE GelMA KEEIR B RIEE 3L pH b Rk, &
BHLE 1) 45 A BT /K B T2 P N2 TV pH 8 25 e Y P, AR B A 1

BN 1545 RR M, B-GelMA JKEEE P i A R TS iR B 35 A . IR < 31°CH A KLY
B, B Fick 9 BUS A i SO RIVER, >34 CH 3 Fick 3L, X — i B8 17 A8 85 S A% 0 R S o5
RANE R CEAGAEES, W, /£ 25°C~30°CIREE &M FHTE3 20 m & [20], #RE KB LA
W BT BRI R, AR T KA PE R . 76 pH 6~9 Y0 Bl RO S5 A RUOU T #85, A&H
DL HG BB GelMA /KEEIRTE 552 22 J9IIA B vh s fe e, MBI AT 8O 3, OB 22 B AR T
BREL/N21]o X —4MEA T SE BB A AR e . FREEREIR

SRR X IS 45 R R, B-GelMA JK AL I R ik 61.72%, W& T HELS AR HIESR, 2
HEHEHEERRPINEZES 60.00%, RRIHVFESIEH, MERE B-GelMA Flbf Tt RE%ERF. H
J5 ER] Sy R (400 B A P RT3 OB T B A A MR AN e 3 [22] [23], 7E PDA SR Fax BEm] i 1
VIR G SRR, TR BRI S5 177 B-GelMA $71 2 ¥ e K 28 AT 1R 7E 15 77 1k R Hh RR AR U 7 A 4 1
Yot BRSO [LL]. AR SR B, AR R R BT R S O DK 7 A DG Bl M Sk 1 5
W RGUNE, 5 FARACRE IR A B K I 18] F) G2 S N SRHRBU R AL B B 12 44 [10] o 5225 [16] fr) HH
(A6 2% B e b 5 2 7 181 2 45 it FH G AR AR 3 280 A B 3 R, (B R 260 R i 2 308 0 o R 3R
55 (R B T e T AV R AR I [24]-[26], 10 P ARG IR 0 32: e i — (Al . DRIk, AR RAET
K URE R AR R I FIIG R, AT 8 HAE LI I E P R AKO8L . bAb, b S 2T HH R 77
(1500 kg/hm?)FZ AR # SAF H, AHAE-PARORE AT BBAEAE “TIEA " IR, J5 820t 70 B B b i
FEEIAR FE DA 8 B AT LG o R BOR VPN PR TR AP RROG IR 158, R e e b - KR - BT E &
W RAETIE - IR RIS L SE TR AR .

FEEBERRHIE, AP CTHREER” MERAGER T 480 R MRS &, AREsk
e % - IR B[R] 25 A o SRR IR S0 () R R A FE T2 B E IR0, 3 b 53 J B 2 28 . IR R
SN T BAE . DL IR R A K IS R AN, Rk, TS S SN T R kR A HH )
R, S5A T MBEE T ARREFIRRS I E SR E R AR IR, SAETPNZE A KRN EE
93 1) FH ) B 4 280 e
5. &g

GelMA 7K & T3 R e R AT R O BOE 45N 31°C . pH 6~7, I &IA 2.16 x 10° cfu/g. T FiFE
FHLHILEIRE <31 CH NASEIUY B, >34°CHe N Fick §7 8L pH 6~9 T X N ASEIN T B. “FAR X I
WRE T, B-GelMA 7K Bk K INFEH: B AR 28 61.72%, B& & T RS BB IE R, B +
B-GelMA /KR 2 A8 R AT H A 60.00%, JobikFIIER, #ER KB 3MEE 1) EZoTEkIA 1. AP
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AR R EA IR, 5257 B R AT R AR AR . b R R R R R, P ARORUE
AREAEIERIEA L, TR, PO IRIToVE 76 4 R - IR RGP MBS, Fsid
S H E R Bt — D U8 E

E&WE

76 X R L A B L 4% 2% BT I H (XJEDU2025J046) , 116 X 2% K 2% A4 1) 397 I 45 it il 3 H

(5202510758071).
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