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Table 1 Meta-analysis of fusarium wilt disease controlling effect of Trichoderma

MES k P LCI uct Q P,

~0.925%** 147 <0.0001 -1.031 -0.818 9408%**
PE: 6, e o4 3600.05, 0.01, 0.001 ST B F MK T3 MESE/R TR (E ; kFRBIRFEA S PRIRT- BRIV Y
BEMERIM,; QFEREIERETE; LCIERIS%HEFXAI TR ; UCIEMRIS%EF XA LR ; PoRnmQm BRI, T MNote:

* k% *** indicates statistical significance levels at 0.05, 0.01 and 0.001, respectively; MES stands for mean effect size; k stands for

<0.0001

number of samples; P for significance test of mean effect size; Q for heterogeneity; LCI for bottom of 95% confidence interval; UCI

for ceiling of 95% confidence interval; and P, for significance test of Q. The same below
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Table 2 Heterogeneity test (QM) of influencing factors

M % Influencing factors k QM P
{55247 Type of experiment 147 0.36 0.5476
YEHIRLZE Family of crop 147 39.38%*x <0.0001
Jiti A5 2C Application mode 147 19.10%* 0.0018
KBRS Trichoderma species 94 13.49 0.0610
B4 1EH Combination 147 18.04%%* <0.0001
Jiti I 7 4 Application rate 35 3.59 0.0582
it Y BL Application frequency 146 1.07 0.3007
KRB Trichoderma form 146 12.54%* 0.0057
S A2 Climate condition 71 10.01%* 0.0185

e kFRRBAHMEENREAL; QMEREIHAZTHESFME; PRHQM B EH KK Note: £ stands for number of samples
of each influencing factor; QM for heterogeneity caused by influencing factors; and P for significance test of QM

JCH Field =71 ' L 1 -0.89 [-1.05, -0.73]

##k Pot k=76 . L { -0.96 [-1.10, -0.81]

-1.2 -1.1 -1 -09 -08 -0.7
AR BUR B H) Effect size (log response ratio)
T BRIV EMS% BAFIX[E]; kFRR4 WAL . TH Note: Mean effect size and 95% confidence interval are shown in
the figure; & stands for number of samples of each sub-group. The same below
E3 I I NG VA e <RI I N 2= R S e 8 A

Fig. 1 Fusarium wilt disease incidence controlling effect of Trichoderma relative to type of the experiment

BER Musaceae k=16 HEH -0.53 [-0.81, -0.25]

G Leguminosae k=1 ———B—y | ~1.47 [-2.61, -0.34]
RAR} Gramineae k=6 —— -0.60 [-1.06, -0.13]
AR Cucurbitaceae =70 HEH ! -1.07 [-1.22, -0.93]
38Rl Malvaceae k=26 HEH -1.00 [-1.23, -0.77]

B Compositae k=4 I—I—I -0.04 [-0.52, -0.60]

28} Orchidaceae k=1 : m—— 080 [-2.06,-047]

WP Rosaceae k=1 | B 074 [-193, -045]

TR} Solanaceae k=12 —— : -0.51 [-1.93, -1.08]

X 2P} Scrophulariaceae =10 —— ' -0.50 [-0.86, -0.15]
-3 -2 -1 0 1

MAE Y BUR L) Effect size (log response ratio)
B2 ARSI v ARt FH 4 420 3R B8O A
Fig.2 Fusarium wilt disease incidence controlling effect of Trichoderma relative to crop or to which family it belongs to
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Table 3 Significance test of the factor of crop family in multiple comparison

TEYIRLZE Family of crop QM P

Rl Musaceae R Cucurbitaceae 11.52%%%* 0.000 7
MRl Musaceae 25 Malvaceae 6.41% 0.0113
AR Musaceae HnEl Solanaceae 14.15%%%* 0.000 2
SRl Leguminosae BBl Compositae 5.51% 0.018 9
ARARL Gramineae HEl Solanaceae 8.02%* 0.004 6
# %Rl Cucurbitaceae #Bl Compositae 14.38%%* 0.000 1
#HiP R Cucurbitaceae % %Rl Scrophulariaceae 8.66%* 0.003 3
5P Malvaceae 4Bl Compositae 11.37%%x* 0.000 7
H2ERL Malvaceae Bk Solanaceae 4.29% 0.038 4
MRl Malvaceae % %R} Scrophulariaceae 5.32% 0.021 1
&L Compositae HnBl Solanaceae 18.69%%%* <0.000 1
WiFl Solanaceae % BB} Serophulariaceae 12.70%%* 0.000 4
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o7 (A B A DX DA 22 R W AR A B A5 X ] 5
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TP B X B 50HE &, R U X sFp
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S F) it A X TR) A PR 2 2R, R WK Rz i X
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—— ! 20.92 [~1.17, —0.68]
HH 20.67 [~0.85, ~0.48]
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RN AE (K BUR B B) Effect size (log response ratio)

3

N Te it R 2R ARl FH ) 2 4 0

Fig. 3 Fusarium wilt disease incidence controlling effect of Trichoderma relative to application mode
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Table 4 Significance test of the factor of application mode in multiple comparison

Jifi HA5 X Application mode QM P
#5HR Dipping root 7iti Pit application 4.60% 0.032 0
i #8 Dipping root #1+ Mixing with soil 6.14%* 0.013 2
4R Dipping root Z 1 Jf H Multiple method application 7.44%* 0.006 4
#ER Drenching root 7Jiti Hole application 4.54% 0.033 1
#ER Drenching root ## 1 Mixing with soil 10.16%* 0.001 4
#EH Drenching root ZF1 71 1 Multiple method application 9.16%* 0.002 5
BPhMER Single effect £ =102 —a— -0.78 [-0.90, —-0.66]
B¢&YER Combination effect 4=45 +H——#— -1.26 [-1.45, -1.08]

-1.6 -14 -12 -1 -0.8 -0.6
RUNAE B B He) Effect size (log response ratio)

K4 ISR AR A A R A0 (H

Fig. 4 Fusarium wilt disease incidence controlling effect of Trichoderma relative to situations of combination

HWE PR Bio-organic fertilizer k=18 125 [-1.54. ~0.97]

—a—

FEAHEF Solid agent =47
- -0.94 [-1.12, -0.76]

ERERBAEER =l
\ = . -1.31 [-1.72, -0.90]

Solid agent+Liquid agent ’ ’
WAEHEF Liquid agent =70 -0.77 [-0.92, -0.62]
——

—l..8 —l..6 —l..4 —l..2 —.l —0..8 —0..6
AT B B B Effect size (log response ratio)
SR NG = = W A = R S o 8 A

Fig. 5 Fusarium wilt disease incidence controlling effect of Trichoderma relative to form

x5 AERARZZEHERNEZMRBER

Table 5 Significance test of the factor of form of Trichoderma in multiple comparison

AKEIER Trichoderma forms QM P
A4 HLAE Biomanure W AAH 7 Liquid agent 8.59%* 0.0034
] 7 i 70+ R A7 T4 ) e
WAKRT ] Liquid agent 5.82% 0.0159
Solid agent + Liquid agent
2.8 SIEXBWNAKERIZHERVRIF BB A 2 ORS00 3 o  e R RE IXOR

AT TRALGCR AR, HAERX HOMMEFXES0ES, RV &A%

Mg, HX AR RBISAA REZW, it X, REXSHZWRIC WP SOk i REES
RIAR . Fesi G R2ATAl, AN TR AR XL AT XU DRI By 2 XU XA B Ak
RSOV AR A EAE X AR 22O, RIS B EFXEAS0ES, RUFEXIAN KT, K
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Fig. 6 Fusarium wilt disease incidence controlling effect of 7richoderma relative to type of the climate where it is used
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Evaluation of Effect of 7Trichoderma Controlling Fusarium Wilt Disease and Its

Influencing Factors with Meta-analysis in China

CAO Yifan SHEN Zongzhuan LIU Shanshan JIANG Xueting LI Rong'

SHEN Qirong

( College of Resources and Environmental Sciences/ Jiangsu Key Laboratory of Solid Organic Waste Utilization/ Educational Ministry

Engineering Center of Resource-saving fertilizers / Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource

Abstract

Utilization, Nanjing Agricultural University, Nanjing 210095, China )

[ Objective ] Currently, numerous researchers and farmers in China are steadily realizing

that Trichoderma can not only function to promote plant root growth, but also protect plant roots from

infection of soil-borne pathogens. So they focus their researches on using different species of Trichoderma

to inhibit fusarium wilt disease in different crops and their approaches. However, it is still not very clear

how effective Trichoderma is to control the disease and what are its influencing factors. In this study based

on the researches so far done in China, the Meta-analysis method was adopted to evaluate effectiveness of

the control and define its influencing factors. [ Method ] Based on the papers published in Chinese and
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in English as well in China addressing the use of Trichoderma to control fusarium wilt disease of different
crops, this study used the Meta analysis method to evaluate fusarium wilt disease controlling effect of
Trichoderma and to analyze impacts of a variety of factors on effectiveness of the control. [ Result ] Results
show that generally speaking, Trichoderma demonstrates a remarkable fusarium wilt disease controlling
effect and its biological control effect reaches more than 60%. Both field experiment and pot experiment
were carried out with similar outcomes. Crop family, Trichoderma form, application mode, climate
type (field experiment) and usage in combination with other disease control strategies, etc. were factors
significantly affecting effectiveness of the control. To be more specific, application of Trichoderma to crops
of Solanaceae, Cucurbitaceae and Malvaceae showed the most significant effect; Trichoderma mixed with
soil for application, applied in pits and applied in multi-ways simultaneously was higher in effect than
that applied in a single way; application of Trichoderma in the form of biomanure or mixture of solid and
liquid fungal agents was the first option; and its effect would be more significant when used in areas under
the temperate monsoon climate than when used in areas under the subtropical monsoon climate. However,
Trichoderma species, experiment type, application rate and application timing was not found to have much
impacts on its disease controlling effect in the field and pot experiments. [ Conclusion] Therefore, in
order to more effectively control fusarium wilt disease in the field with Trichoderma, the influencing factors
discussed above should be taken into account properly. The findings of this study are also expected to be of
some reference value to farmers in practical and efficient application of Trichoderma to control soil-borne
fusarium wilt disease in the field.

Key words Fusarium wilt; Fusarium oxysporum; Trichoderma; bio-control; Meta-analysis
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