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Bio—Fertilizer Optimization and Its Control Effect on Banana Fusarium Wilt

DU Chanjuanl, YANG Dil, PAN Lianful, YE Yunfengz, ZHANG ] inl, FU Gangl*
(1. Guangxi Key Laboratory of Biology for Crop Diseases and Insect Pests/Institute of Plant Protection Research, Guangxi Academy
of Agricultural Sciences, Nanning 530007, China; 2. Institute of Horticulture, Guangxi Academy of Agricultural Sciences,

Nanning 530007, China)

Abstract: In order to improve the living conditions of antagonistic fungus in the fertilizer and improve control
effect of the bio-fertilizer on banana Fusarium wilt, a variety of factors related to the growth of antagonistic
strain were optimized based on the GFP-labeled strain Thichoderma harzianum GFP—gz—2. The effects of the
bio-fertilizer on disease control and growth promotion were evaluated before and after optimization,
respectively. The results showed that glutinous rice flour was the best one among the 7 carbon sources for the
growth of strain GFP—gz—2. The colony diameter and sporulation of strain GFP—gz—2 reached the maximum
when the content of glutinous rice flour was 35 g/L. Ca®" was the best one in the 6 metal ions for the growth of
strain GFP—gz—2. The results of multi-factor orthogonal optimization showed that the best conditions for the
growth of strain GFP—gz—2 in the bio-fertilizer were listed as follows: C/N ratio of organic fertilizer was 30:1,
concentration of Ca*'was 5%, and the inoculation amount of the strain was 2.0X 10° spore/g. Under these
conditions, the colonization amount of strain GFP—gz—2 in the bio-fertilizer was 1.033 X 108 spore/g. The
control effect of optimized bio-fertilizer on banana Fusarium wilt reached to 84.75%, 15.26% higher than that

before optimization. The optimized bio-fertilizer increased the plant height, stem girth, fresh weight and dry

AR H . 2019-10-11

FETH: FEEAREEIS (31560006); )74 FAREI K4 (2017GXNSFDA198002); | PHAIH IR KL I (FERF AA18118028-5); J 74
PV RL 2B R R S REARE} 2018YT15, 31960520); ) FHVEM)i dL LW~ T pi sk b = 564 (2019-ST-03).

YEZ . UL, Wid, BYREEATSTLY, E-mail: duchanjuan@gxaas.net; *WA5/E#, -1, W97, E-mail:: fugll0@gxaas.neto

DOI: 10.16409/j.cnki.2095-039x.2020.03.016



%3 FEBRAESE . A AR B T B B (A AR 397

weight of banana significantly, which were 23.35%, 22.82%, 68.78% and 50.17% higher than that before
optimization, respectively.

Key words: banana Fusarium wilt; Trichoderma harzianum; fungus fertilizer; formulation optimization

Fr PR e H AT & 8 b £ B s ok P I SR M AR R, AR B LY Fusarium
oxysporum f. sp. cubense 12 e8! . T AE AL A R E B X KINAUAR L, SEOYEAHFHL . AR,
R TG BT 12098 A Ak 2 25011, 00 it B (32 & R K, A28 e A S 3 ST 4 R PR
HRIUY, DRk SR PR 2 0 UL 05 42 T B RS 08 10 AR 05 Y AR Ay T R 1) T B B i AR O R
BT BT G T FE RS S AE [ AN A A DA RaE ™ SR, e B A, T2
Ry B A U A DI B R, BT IR AR R D e B, LR A R S D
i, ME PSR . D, I o R AR B R R R DA BRI MU SO AR B B, 7 )
Jith P s 8 A7 R 82 v A B R ) S B e ) AN T B i B OR o AR AERTIIWEIT T AR, I 3RA5 1 B A4
Tl 2500 B B BRSPS R KB Trichoderma harzianum gz—2, ¥ L5 G HUERECHI R T £ B IE.
TR 3 5T T AL T BEAE 2R I T 20k 74.4%M Y, HIEIB R 63.5%™), 26 Wi B N0 FL A BT (R 7 s
Wiy. [FIHERFHEEA 5868 1 (green fluorescent protein, GFP) X B#k gz—2 4T T A5, Ak
PEFZ AR B I AR, AT LARI R GFP—gz—2 1 N 4R /R 1#, XM AR S s B sk 2B K 2 Fh
RFREATOLAL, A A2 B s A R e R B U 45 1F, IRl it 7 B B0 36 U LR, DU 5 42 4= B v R Fr
e N AR BEAHE, I A RN I AR VA P HE B S 1
1 #MRE5ERZE
1.1 RIEM R

PSA B9 WHEEDA 2 200 g, HERE 20, BiR 15g, /K 1L, pH AR LIAINEE AR F- 3L,
FEAREFEIL: NaNOs 3 g, K,HPO, 1g, MgS0,40.5g, KC10.5g, FeS0,0.01 g, ¥/l 15¢, /K 1L, pH 7.1~
7.5 S B A S B ) B LAY Focl402 BbR, AR LIt GFP FRid G R K FE Mk GFP-gz—2, ¥
) PR M A2 B ) PR3 B 50 A A 250 VR R A 2 B R o WIS BRI “ iR B6” , HAT 4~
SR fEER. KB, mE T E ROV R R A F$E .

A HUIE R T REME S AR R AT R W 2R 7=, S 3L 45 B2 T AT ML 40.10% A3 HLEK 22.90%-
K73 21.21%- N 1.4%. P,Os 1.32%. KC11.35%- S 0.27%. Ca 2.32%. Fe 14.76%. Cu 0.00638%. Zn 0.05%-
Mg 0.01%+ C/N 16.36+ pH 7.0, YIEAEBTBAE LA FIRAG HUIE N TR, A T AN K 1X 107 fF/mL
[k GFP—gz—2 U 7 200 mL, ‘i N KB 14 d.

PRI A H AT AR 3 F 250 0 S AR B = i, PP CREIS B i) 20 kG KA (57.8%) Al
KW (56.7%) « F KK (60.4%) « REH) (57.4%) « /NN (55.3%)  FIZHE (46.5%) FIEERE (64.0%) .
1.2 i EHkRE iR H &

P R IRAE D B bk GFP—gz—2 Fl Foc1402 734 N PSA “Fii, 28 ‘CH;7E 7 d, BENLAIA 10 mL
K, F KRR m R, S 43 5 A TE K R 2 Bk 2 ol 1} 107 0 F/mL fOFE 7, &
4 CUKFH&H
1.3 HERE MRS % Eik GFP—gz—2 By KR =M 8BS

H T AT HIE T RE GFP—gz—2 A KB A HUICES 7, WA MR ) 2R R P37 010, 43 i At
PERIE S RGN B M B A5 TR JE0 B R GFP—gz—2 B AR S Rl it iR 5 i
13,1 BIEMENEE  BrlE R RAE R E R GFP—gz—2 $2 N\ PSA 4R, 28 ‘CHiJF 48 ho JHKE KT
LA AN SAT I E AR S mm [EDE, & . EIEARIFRILP R R . KR K0 AE
K AN FATRERRERE, AEILAER IR T S R 2%, DATCHRUR I SEA B IR 0 I, REAL B 3
WRESL . ¥ 5 mm BPHEN S A AFBRIERER T, 28 CRFE 40 h, SR+ 788 kM % B AR, dksk
92 6d Ja, M 10 mL TGE/K, HKEEERFFEAFREET, W TR0, Ak a4
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132 #EXREENEE  ARARFEIEB I 0. 5. 100 15, 20, 25, 30. 35. 40. 45. 50g/L %
KMy, MRACEERE 3 IRER . WARIIEIE. W BRI RE e F 1.3.1.

133 4&BHE NI EIARIRIEP NN 35 /L kK, I H 581 CuSO4. ZnSO4. MnSO4-
CaSO4+ Na,SO4 Fl NayMoOs H,O B HIEART FRIE I MgSOy, FLE B A M S8 & 7R IR, Lonf
35 g/L K KM HA T MgSO4 FEARE IR NN, B3 3 IRES . WARIIEIE. B BRI =l 1)
WE T7ER 1.3.1,

1.4 EMHEWE GFP-gz—2 HEENBFE KIS

H15 g HHUBEEAA N 9 em MR, 235504 0.5X10° 1.0X10°% 1.5X10° 2.0X10°, 2.5X10°
A 3.0X 10° 1 7/g HIBEFP R, A5k GFP—gz—2 MIf TBIFMMEGHUE, 7004 G, JHE D BE T,
28 CHIFE, MAPR 3 RER. 14d )5, S 1 g BFEYEREH 9mL LE/KMELE S, 7Einieds b
R 1 min, IS HUIEEIFR, 1F 10 FRERE RS 107, 25 107, 107° 1077 Fk i I
100 uL, ¥4 4 PSA Vi, AEACHE 3 KEE, 28 CHiFE 12h; ARJ5 &5 10 mL 7 300 ug/mL 57 % B
1%/KEE, B 28 CHREH%TE 2 d, 7ERIEZO6BMET FXPAR B R SHA T g T, M
HUIBHARFE I ECE . B aiUESEEE (/e = REEH X R EIX10.

1.5 C/N X E# GFP—gz—2 EE B EKEENZN

T RAEY IR R W EAT RN FEL ERE R S iR, WH L CO/N IRk O/N %, ASFEw ey IE
WAKPTTE S ONE &, WREERZ AR TREY S, s 2 mdm sl e K.
Rk, FTXHEHURE ON AT, AR RAR S AT HUIEH K 4.

KRN (iR 57.80%, ZUH i 1.38%) FIRE (Wi 20.00%, A7 46.67%) &€ il inA
BERAHUEH, PR C/N 23 HIH%EE S 10:1. 15:1. 20:1, 25:1, 30:1. 35:1 F140:1. %8 15 g A[H C/N
KR AYIE B 9 om [REFIRIL, IR GFP—gz—2 [ TR, MR 15X 10° 8 F/g, 7R
Sla, MEARE D, %28 CHIE 14d, BAEIR 3 IREE . WKRNESR. 058 &KEE TSR 14,

1.6 EAEEH ZHIERMKMK

N T A HUREIEC BT, MR A I R & L, I HUIE C/N. Ca™ WKk K Ribk GFP—gz—2
ARG R R GR 1D, MR E L 3 AN, DL VUL 3w A PE Fads, 35T Lo
(3) IERRK (£ 2) , WEEk GFP—gz—2 iR A UL 4 KB, ARACPESE 3 IRER . H
MG IR 0 3 TRV S I 1 4,

F1 FERAKMEZTRBEZAERT

Table 1 Design of the factors and levels of orthogonal test for fungal fertilizer optimization

K [Xl % Factor

Level A: CN B: CaSO4 C: $%F Inoculation amount (X 10° spore/g)
1 25:1 3% 1.0

2 30:1 5% 1.5

3 35:1 7% 2.0

1.7 BREZRRE

RIS L) PEAMV R BEAE D) R B0 I R BB Bl 2 KM A BT, 2 1.2 3450903 J5URT Foc1402 1
. RIS ILBCE 6 ML AP T, 200 g A HUL: AP, 200 g XRAHUIE (RAHUIE, H
BN TR A HUIEIN 1.16 kg KKKy A1 57.63 g 1) CaSOy, 787318 A) J5 Hl 45 1M 1) s AL FEIIT, 40 mL GFP—gz—2
BRI ARBEIV, 200 g WIUATEAE; ARV, 200 g Bt KEE (A RAPUIEAILR, S 1.1.3 by
LR NERIHIIE VAR ARBEVI, KA CK. # &AL 500 g i A A RS, HHEEN —EREA
22 cm. HAE 20 om PR, REAEREAR | BEE R, BERE 2~3 d WK 1 IR PrA LB 3 IREH,
FEES 12 MREE .
1.7.1 RREEXEFEHERGDERR % DIRCE T VAR . BN REOCHE 10d )5, AR
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Table 2 Design of Ly(3*) orthogonal test for fungal fertilizer optimization

KbBE Treatment C/N CaS0, R Inoculation amount (X 10 spore/g)
1 25:1 3% 1.0
2 25:1 5% 1.5
3 25:1 7% 2.0
4 30:1 3% 1.5
5 30:1 5% 2.0
6 30:1 7% 1.0
7 35:1 3% 2.0
8 35:1 5% 1.0
9 35:1 7% 1.5

PN TIHEATOI R AL BE, BERRAE T RE N 40 mL & KK Focl402 HIfl B, LALE/K xR, 25 21d )5,
WA ARG WAl R 04 BRERAM, WA, 1% BREBAMM<25%; 3 %:
26% <BKEMRMI<50%: 5 J: S1%<IREWDMA<T5%: 7 H: IREWDMIA>T76%. AL,
R VPSR BEPRTE TR BRI R ISR =Y G PRTIIREO SRR TAED / MRS X I AR &
fH) X100, PiiazR (%) = CHIEPITERRE — BURTEFRED S0 RIS TR 20X 100.
172 RBREENFENRAER % RSB EFRERE N . N 50d 5, SHUEREN, HEKE
Ve a LR AR, 2llESABEEN k. ZEH. SEREATE. WAk OANBRCERF R L
o AN AS AR RE 2, em). ZER (FEVEERZE L3 10 em AbAUEAR, om). B CHrfsf A i F R,
g/ T E CHEFENE S0 CHAM T 2EEGWER, g,
1.8 HBEFKITEHH

Fr#3 %08 H Excel 2016 ATV S “PIMETFEAER, Z7EEM KA DPS 7.05 #A4-¥) Duncan’s #
AR ZEFIAT 43 HT o
2 SERE5SH
2.1 WRIEMENE M GFP-gz—2 BE KR F=HAIE I

AT Bk GFP—gz—2 HAEKA ™, JLp ¥ EARR ™ fl 3y B X . ofth 6 Fhbki
BRI RIAE GFP—gz—2 WL HIAEK, DR RI M A IRVE I, 24K (P<0.05), WikEE
531 43.53 F1 41.31 mm; 787 fR 577 T R A8 R AORD « KoKy A S A e 15 e (i 2k B Mk GFP—gz—2
PR, DR FURE KR TR, PR Rk (P<<0.05), 4351k 8.71X 10° Fl 8.62 X 10° #1F/mL (& 1).
LRA TGS, IEPRREARNE N R bk GFP—gz—2 M Rk .
22 FERMAEXNE I GFP-gz—2 BI4E K R a2 00

B RS TR KR B 3, BERE GFP—gz—2 MR 22 B KB P, P sfiin. Mgl PR K i
TREART 35¢g/L I, Bk GFP-gz—2 B B flim 2= R RE (P>0.05); DR & &0 35 ¢g/L
I, iRk GFP—gz—2 A Kbl B EASH 51.96 mm, 7N 9.71X10° fii 7/mL (J& 2).
23 EEBBEFXEN GFP-gz—2 A KR F=HAIEIT

NIl 8BS T Bk GFP—gz—2 B 22 4 KA f B A B A7 AE W] 22 5, Cu” kI B bk GFP—gz—2
22 E K, Zn™ . Ca¥ M Mn™ AT e dE bk GFP—gz—2 HIB 227K, b, Ca® X Hikk GFP-gz—2 HIH 4
K B3 E T Zn® N Mo, S B 4RIA 52.44 mm. Zn®\ Na'. Ca™". Mn> HIl Mg® % i bk GFP—gz—2
P RS AR, SR ZE R AR, Cu® R Mo kI~ (& 3D,
24 EMENEK GFP-gz—2 AEHE D EEIE RN

Wik GFP—gz—2 1EAT WL Hh & B A K i 4 B B (s i 42 v, AERERP RN 1.5} 10°~2.5X10°
Tlg i, FEANUET ERE SR Z R ARE (P>0.05); #AEN 1.5X10°/ /g I, EHEERA,
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Fig. 1 Effects of carbon sources on the growth and sporulation of strain GFP—gz—2
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Fig.2 Effects of glutinous rice flour content on the growth and sporulation of strain GFP—gz—2
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2.5 C/N X E# GFP-gz—2 ZE B HAE P EEHE K
B C/N FIBEIN, Mk GFP—gz—2 {EAT WAL H e i I A AR b S5 38, 45 C/N 4y 30: 1 1, ik %)

K 833X 10" 1/g; C/N KT 35:1 1, kK GFP—gz—2 7843 HUAE b i it i 25 b (50

2.6 BERREXRMILE

R

Bk GFP—gz—2 1A UL A E I BOR ISR C/N (R=5.053) > (R=2.834) >Ca” Wk

(R=2.166), 5HZKF Kar>Kas>Kar K, AHUER &L C/N h 30:1; Kp>Kpi >Kgps, KA HUIE

i Ca” IR E ) 5% Kes>Ker>Ke W, Bikk GFP—gz—2 164 U ) 5 T B i B A5 3 R B 0 189
RGN, AR 20%. IS B kE GFP—gz—2 B K440 ABCs,  HIHIRE KIS WAL C/N
J30: 1. HHUIEA T Ca® WK 5%, Hikk GFP—gz—2 R0 2.0 X 10°f3F/g, itk GFP-gz—2 15 H

HUAEH 1R 2 A

1.033 X 10° 1 F/g (% 3).
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Table 3 Results of orthogonal test Ly(3) for fungal fertilizer optimization

b A: CN B: CaSO; C: ffi Btk GFP—gz—2 /il &
Treatment Inoculation amount Amount of strain GFP—gz—2 (X 10’ spore/g)

1 1 1 1 0.67+0.26 d
2 1 2 2 233+1.13cd
3 1 3 3 3.17+£0.58 ¢
4 2 1 2 7.17£0.58 b
5 2 2 3 10.33+1.03a
6 2 3 1 3.83+0.74 ¢
7 3 1 3 3.17+1.24¢
8 3 2 1 3.671£0.82¢
9 3 3 2 2.83+0.74 ¢

K1 2.057 3.670 2.723 -

K2 7.110 5.443 4.110 -

K3 3.223 3.277 5.557 -

7% R 5.053 2.166 2.834 -

T R KL K2 FK3 705 30R & IR HACE 10 20 3 I K& Ee 41 R I0TF-4(H, R 3R K1, K2 F K3 B8 e fE. Hdah v
fHE ARG, RIS A RN FREROR 0.05 KPR R, T,

Note: K1, K2 and K3 in the table denoted the average value of every corresponding experimental result, respectively. R denoted the extremely poor values
between K1, K2 and K3. Data were present as mean & SD, data with different lowercase letters in the same column indicated significant difference at

0.05 level. The same below.

27 BMRERMEEHZERIBANR
FACFRI TS REL 10.71~58.33, REMC TR IETEEL (70.24). % AbF T REh 20 (1 BT A 2%
BAE 16.95%LA F, o R A HUAEXTREA 20 B a AR SR A VUL Z R A B3, (HEEE TRk
GFP—gz—2 flF¥ll; o R ALRT 1A SR miIA 84.75%, 3w T HIFE GFP—gz—2 i1 (45.76%) RIWIUHE
B (69.49%) (£ 4).
R4 TRMMLENEEREROANER

Table 4 Control effects of different fertilization treatments on the banana Fusarium wilt

AbEE Treatment JPi i #64L Disease index B ¥ %04 Control effect (%)
PARATHLIE Tested organic fertilizer 58.33+2.98b 16.95+0.08 d
MK A HLUIE Optimized organic fertilizer 53.57+2.98b 23.73+0.04 d
Bk GFP—gz—2 i ¥ Spore suspension of strain GFP—gz—2 38.10+3.15¢ 45.76+0.04 ¢
W14 T Initial fungus fertilizer 21.43+3.15d 69.49+0.04 b
M K IR Optimized fungus fertilizer 10.71+1.79d 84.75+0.03 a
CK 70.244+331a -

28 MREREMEFENREYR

ORI BT A TR A 2 R TR IS4 fi A 2 (e B B AR IR 2R G, DAt FH o5 1R R S I B PR R s e v
h20.23 cm; HERAHUIE . SR AT LIRS R B RE D) AT S 2 1 A L 25 1, LA 4 R R I B A A 25
FlE N, 4 14.10 mm; FREAPE GFP—gz—2 fF Ak, oAb e 24 46 i B s i) SE A, DU o
B IS B A TR T R, 20k 48.17 1 431 g/bk: 2 LR, i T o5 B A T 3 35 4 e 5 A 1)
i 22, SFE AT, 2RI R IESE S T 23.35%. 22.82%. 68.78%F1 50.17% (3 5),

3 itig
W) LA 0 E D 36 R 55 75 1 O R 47 2 — 2 7 B - 300 A 75 K 0 3 K0 g
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Table 5 Effects of different fertilization treatments on the growth of banana plants

AbEE PR E i ief 7 T&E
Treatment Plant height (cm) Stem girth (mm) Fresh weight (g/f#f)  Dry weight (g/#£)
PR HLUIE Tested organic fertilizer 15.83£1.16 be 11.26£0.68 be 29.81+4.78 b 3.09+0.61b
M A HLUIE Optimized organic fertilizer 16.984+0.99 b 12.64+0.57 b 32.95+3.64b 325+0.52b
Pk GFP—gz—2 -7#{ Spore suspension of strain GFP—gz—2 15.394+0.36 be 11.14+0.49 cd 27.57£2.33 be 1.97+021 ¢
YIUAHHE Initial fungus fertilizer 16.40+0.75b 11.484+0.26 cd 28.54+1.77b 2.87+021b
M R T IE Optimized fungus fertilizer 20.23*1.11a 14.10£0.80 a 48.17+420a 431+044a
CK 14.78+0.76 ¢ 10.54+0.46 d 21.86+2.64 ¢ 1.744027 ¢

FURIAEZA o, DI A 38 (3L B AU N . KA AR S AR S )G, BT Al AR IEAER
TE BT HEAE I, R A TR I B B o, TR HLAE (R 5 R LS SR U4 e R A= K
RUEFTH R, RIFHARNER K. EREaEayUEhE R “Sm—wit” £ 4", Eg8T
W AR SIREE, RN AERPPRXEEH . EaR, 2 TAMAPUIRSS & FER 205 B 6 8UR
s 2, (H R T R U S A B 4 & 05, FOR 7 BERE 2SI 1K 5 9 28 R 75 Eb #h
Wt AT AU B 2B B B T e, R A IR AC 5 2 53E T D 2B K B0, i 4% A e I )
BAEPURE 1. BEAh, BT A BT BT KL A 7, 0T [ A R BB (A R B 18 2% FE A AR TR 4%
PERHAT . T LS MR T R 545 GFP, 16| GFP ARc 0 BRI i S0/ 38 i b (1 e B i i, Al &5
B AN BB o R, ABESTR ] GEP ARiC AR GFP—gz—2 VE N8/~ , X HLIE IR E ) 7 ik
BT . T3 2 K35 IF ARG I 13 2K 8 GFP—gz—2 R fERE IR 4 AN C/N & 30:1, Ca®
el 5%, AREFMEFE N 20X 10° /8 /g, EISMRILEIE R, REAEAHPUIES & EE 1.033 X 10°
/g, IEBIEFARMATIbRAE R T A M E IR & BBk P,

TR Z AR I VP 2 R BRI A B (e 2R ROR, AWFIE A I B A, A A 2 LA B B A
ORI AT EER AR IR K AR, B R HUIE S R HUIEAR B, O A 2R K s 22 S R B
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