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#1. TRELEMEIERE

Table 1.

The amounts of fertilizers applied into soil for different treatments

Fertilizer amount/(kg/tree)

Treatment - — - — - - -
Trichoderma bio-fertilizer Organic fertilizer Urea Calcium superphosphate Potassium chloride

CK 0 0 0 0 0

CF 0 0 0.35 1 0.27

OF 0 8 0 0 0

T-BIO 8 0 0 0 0

CK: no fertilizer treatment; CF: chemical fertilizer treatment; OF: organic fertilizer treatment; T-BIO: bio-organic fertilizer

treatment.
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#2. FRBETABEREKShEMEEZFER
Table 2. The colony diameter of Trichoderma strains
after growing for 48 h at different temperatures (cm)
Strains e

20 28 35 40
NJAU4742 6.68+0.15a 6.53+0.14c 1.67+0.05¢ 0.90+0.00e
MDS 5.3340.05¢ 6.45+0.08c 6.15+£0.10b 4.98+0.08d
LIC2 6.00+0.08b 7.60+0.06b 6.95+0.05a 7.02+0.12b
JS11 5.02+0.15d 7.75+0.16a 6.75+0.12a 5.98+0.08c
JS84 5.30+0.14c 7.87+0.15a 7.10+0.13a 7.82+0.15a

The different small letters in the same column indicate
significant differences among treatments at P<0.05 level.

AREE R PR RTE BEAREK; 28 °C F1 35 °C I, Bk
Li2C. JS11. JS84 Rk HARH AR, H Tk 1S84
BOE Bk e 40 °C BF, AHECF 2L 4 BRAR
BEIR, IPR JS84 TH VR FLAS B E KT AR A K
212 AFEIRETAREER SERMER I
MELER: VAR SIG S5 R, W 4
REE TR R SO BRI XTI FOC 4 S HAH5H/E
F(E 1), 20 °C Tk NJAU4742, MDS8, Li2C,
JS11 J% JS84 XJ FOC 4 #ifil #5351 51.05%+0.23%
44.40%+0.36% . 48.39%=0.42% . 47.46%+0.34% &
49.73%+0.23%; 28 °C NHIRSHIH 47.19%*
0.41% . 45.24%%0.48% . 47.14%=0.48%

NJAU4742

1. 28°C TABHEMKSRMBEMERIRE
Figure 1. Antagonistic effect of Trichoderma strains
against F. oxysporum f. sp. cubense tropical race 4

(FOC 4) at 28 °C.
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Enzyme activity secreted by Trichoderma strains at different temperatures. The different small letters

indicate significant differences among treatments at P<0.05 level.
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B3 AREERLENEEMHERLFENFN
Figure 3. Effects of different fertilization treatments
on disease incidence of banana Fusarium wilt. CK: no
fertilization control; CF: chemical fertilizer treatment;
OF: organic fertilizer treatment; 4742: bio-organic
fertilizer treatment containing Trichoderma
NJAU4742; JS84: bio-organic fertilizer treatment
containing Trichoderma strain JS84. The different
small letters indicate significant differences among
treatments at P<0.05 level.
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B 4. FREERLEMNEESSHEI
Figure 4. Effects of different fertilization treatments
on banana yield. The different small letters indicate
significant differences among treatments at P<0.05

level.

3. AEHEARGIEXEE &R0

Table 3.

Effects of different fertilization treatments on banana fruit quality

Total soluble solid

Vitamin C content/

Total reducing sugar Protein content/

Treatment  Edible rate/% content/% (mg/100g) content/(mg/g) (mg/g)

CK 57.96+0.00b 15.35+0.21b 11.15+0.13¢ 44.25+2.94d 0.62+0.02¢
CF 60.61+0.01ab 15.50+0.14b 11.93+0.06¢ 48.38+1.27¢ 0.65+0.01bc
OF 62.97+0.02a 15.75+0.07b 12.87+0.08b 60.01+1.12b 0.65+0.02b
4742 63.05+0.01a 16.10+0.28ab 13.54+0.14b 63.46+2.19ab 0.71+£0.01a
JS84 64.26+0.02a 16.65+£0.49a 14.80+0.13a 66.77£1.21a 0.73+£0.01a

The different small letters in the same column indicate significant differences among treatments at P<0.05 level.

actamicro@im.ac.cn
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F 4. AEIHEEAER TIFRBUMER
Table 4. Soil physicochemical properties of different fertilization treatments

Treatment oH Available phosphorus Available potassium Ammonium nitrogen Nitrate nitrogen

content/(mg/kg) content/(mg/kg) content/(mg/kg) content/(mg/kg)
CK 5.77+0.18b 87+7c 354+5d 6.59+0.34c 15.27+3.62d
CF 5.80+0.21b 96+1c 409+3c 6.724+0.40bc 15.45+3.99d
OF 6.03+0.14a 113+13b 424+3b 7.27+0.68bc 18.63+0.59¢
4742 6.12+0.11a 140+5a 441+6a 7.494+0.79ab 26.00+1.33b
JS84 6.12+£0.11a 149+8a 443+7a 8.16+0.76a 29.90+1.49a

The different small letters in the same column indicate significant differences among treatments at P<0.05 level.
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S84 J& T AR I H BRI R AR & (] 6-A); ref]
PO R G R BRI 6-B), Ktk S84
fiF Trichoderma citrinoviride 4337 b, H 5

AT

W ¥k Trichoderma citrinoviride TUCIM 6016
(JGI1133928) i . #E— DL G R IIESFHIE,

¥ B AR IS84 1A 2K Ol A 4k K B (Trichoderma
citrinoviride), M IR H 238 2 NCBI fR17,
HE S MT210518,

< o
S ¢
o~ £ 8
O a O ~
Disease incidence . \ 1.0
pH * e 0.8
AK e 0.6
AP DO | o
NO,-N D& | o2
NH,-N . - - 0.0
Edible rate ’ x ax -—0.2
\(e V@ | o4
TSS o -0.6
Reducing sugar & (s ’ -0.8
Protein *  x ’ -1.0

B 5 EHEEENSEEARE. LRBAMMR
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Figure 5. Pearson correlations of strain enzyme
activity with disease incidence, soil properties and
of banana fruit. CL: cellulase; GA:
POD: peroxidase; AK:

potassium; AP: available phosphorus; NO;-N: nitrate

quality
B-1,3-glucanase; available
nitrogen; NH4-N: ammonium nitrogen; VC: vitamin C;
TSS:
correlation, red indicates negative correlation,
correlations significant at the *P<0.05 level, **P<0.01
level and ***P<0.001 level.

total soluble solid. Green indicates positive
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B
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Trichoderma harzianum T3 (KX620136.1)
Trichoderma virens AMUTVR2 (MK774725.1)
Trichoderma longibrachiatun MBL201604 (KY378946.1)
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— Fusarium fujikuroi HA04 (KP881508.1)
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Trichoderma reesei QM6a (JGI113845)
_E Trichoderma parareesei CBS 125925 (JGI8696)
Trichoderma longibrachiatum ATCC 18648 (JGI358203)
Trichoderma guizhouense NJAU4742 (JGI1817)
Trichoderma virens Gv29-8 (JGI183874)

Trichoderma atroviride B10 (JGI1522981)

Trichoderma asperellum CBS 433.97 (JGI158395)

El6. ETITS FIMARGZABEMAVFET tefl FIIRRTAER(B)

Figure 6.

The phylogenetic tree based on ITS sequence (A) and the phylogenetic tree based on fefl sequence

(B). Nucleic acid IDs were obtained from the JGI database that were bracketed, otherwise were obtained from the

NCBI database. Nodes indicate posterior probability values >0.95. The phylogram was constructed based on the

majority consensus of trees sampled after 1 mol/L mcmc generations with 2500 burnin trees. Branch length

represents the number of changes that have occurred in that branch. Distance scale represents the dissimilarity

between sequences.
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Isolation and identification of a thermostable T7richoderma
strain for banana growth promotion in tropic area

Jiaxin Zhu', Geng Zhang®, Meini Shang', Hongjun Liu', Zongzhuan Shen'", Rong Li',
Qirong Shen'

" College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China
* The National Agro-Tech Extension and Service Center, Beijing 100125, China

Abstract: [Objective] In order to screen a safe and efficient thermotolerant Trichoderma strain to be used in
tropical areas to effectively promote banana production, Trichoderma strains that can survive under a wide
temperature range were isolated from agricultural soils collected from tropical areas. Then the biofertilizers
containing Trichoderma isolates were developed and their effects on banana Fusarium wilt disease, crop yield and
fruit quality were explored. [Methods] Trichoderma strains were screened by series-dilution separation method,
and then re-screened according to the growth conditions of Trichoderma strains at different temperatures. Further
antagonistic abilities against Fusarium oxysporum f. sp. cubense tropical race 4 (FOC 4) and the produced enzyme
activities of Trichoderma strains were tested to isolate efficient thermotolerant Trichoderma strain. Then the effects
of the biofertilizers developed containing the above selected Trichoderma strains on banana Fusarium wilt disease,
crop yield and fruit quality were studied under field condition. Finally, the selected strain with best effect on
improving crop production was identified using ITS and tef/ sequencing. [Results] Four thermotolerant
Trichoderma strains were isolated from the soil collected from Hainan province, and all of these four strains could
grow under between 20 °C and 40 °C. Among them, strain JS84 grew fastest at 40 °C, displayed the highest
inhibition rate against FOC 4 and showed highest enzyme activities. Field experiment showed that application of
biofertilizer containing Trichoderma JS84 (JS84) significantly suppressed banana Fusarium wilt disease incidence,
improved the quality of banana fruit and soil nutrients condition. Strain JS84 was identified as Trichoderma
citrinoviride based on both ITS and fef sequence. [Conclusion] Strain JS84 classified as Trichoderma citrinoviride
with a wide growth temperature was successfully isolated from tropic area in China. Biofertilizer developed based
on this strain exhibited an excellent ability in suppressing banana soil-borne Fusarium wilt disease and improving

crop yield.

Keywords: thermotolerant Trichoderma, banana, disease suppression, crop yield, Fusarium wilt
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