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Field Efficacy of Trichoderma against Maize Stalk Rot and Its Effect on Maize Yield
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Abstract: Maize is one of the most important food crops in China. In recent years, the increasing harm area and severity of
maize stalk rot has led to a decline in maize yield and quality, severely affecting the sustainable development of the maize industry.
In orde to screen out dominant biocontrol strains for the prevention and control of maize stalk rot caused by Fusarium graminearum
and Fusarium verticillioides, and provide alternative materials for green prevention and control of maize stalk rot, in this study, six
Trichoderma strains screened indoors in the early stage were used as the research object, by coating of maize seeds with
fermentation solution and soaking them with spore suspension of Trichoderma, a randomized block design was used to determine
the efficacy of different Trichoderma strains against maize stalk rot and to analyze their effect on maize yield. The results showed
that the efficacy of control against maize stalk rot and effect on maize yield varied with the types of Trichoderma strains,
treatments, and pathogenic fungal species. The efficacy of Trichoderma viride T43 and Trichoderma koningii KS coating
treatments against Fusarium graminearum stalk rot reached 54.20% and 32.71%, respectively; maize yield was 6 760.24 kg/ha
with 48.63% growth promotion under the premise of inoculation with Fusarium verticillioides after Trichoderma.viride T43
soaking treatment; maize yield was 6 353.74 kg/ha with 61.26% growth promotion under the premise of inoculation with
Fusarium graminearum after Trichoderma koningii KS soaking treatment, Trichoderma viride T43 and Trichoderma koningii
KS were screened for the effectiveness of biocontrol strains against maize stalk rot. The coating treatment of Trichoderma viride
T43 showed a better control effect on Fusarium graminearum stalk rot, and the seed soaking treatment of Trichoderma viride

T43 and Trichoderma koningii KS showed a better yield-increasing effect on the maize yield.
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Tab.1 Field experiment design in 2020
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Tab.2 The disease grading standard of maize
stalk rot at the mature stage
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Different lowercase letters in the figure indicated significant differ-
ences(P<C0.05) between the same treatment of different Tricho-
derma strains. The same as Fig.2
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Fig.1 Relative control efficacy of Trichoderma against
maize stalk rot caused by Fusarium verticillioides
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HoAth A g Ab 3 (P<0.05) 5 My XK % 212 I NF9 (1)
b7 ¥A R 4y 9 o 21.57% . 18.63% , b #F i T K
KB KS. &0 K% T43(P<<0.05) ; B %% K% 198,
B G OAK B KS S (0 K B T43 BB 18 88 AE 15% LU
IR 7 =d =2 N T

O 44 #8 Seed coating
=4 R Seed soaking

ARSI IRRL R %
Relative control efficacy

-Z-Z

7

"&r Q b?’ 5> bQ N
<“ a%’« @g é‘ w@ Y o 4%? &a& Loty
R\ £ PO
Ko™ o % W
o Q’s{ﬁ“ ¥ W@% »%%«\“ B
AW .
.@“&d‘w (‘(\Q\\p ‘ c\\p&b‘ » P (vxﬂ Q(\c
<< NS A\
KRERNE

Trichoderma strain

B2 AEBEEWERREFRAZE RGBT BIAIR
Fig.2 Relative control efficacy of Trichoderma against
maize stalk rot caused by Fusarium graminearum
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Tab.3 Effect of Trichoderma treatments on the yield of maize after inoculation with Fusarium verticillioides

FGATLVS

ki MR /em HRE/g TR/

b ESIS By AT il )
A Trichoderma B /em L *ﬂ/mm BT Seeds per  Length of ’ Jﬁ;/g 100 grain (kg/hm?)
Treatments } Ear length  Ear thickness Rows per ear . Ear weight . .

starins row convex tip weight Yield
AKEE WA RREE 198 14.82+ 37.47+ 12.00+ 19.11+ 1.60+ 73.11+ 32.24+ 5609.79+
Seed coating 0.8a 1.05a 0.33a 2.21a 0.36a 9.71a 0.31c 175.04b
JH[CA % KS 14.18+ 35.364 11.00+ 19.33+ 0.984 63.504 32.30+ 5273.02+

0.8ab 1.57a 0.58ab 2.82a 0.22ab 10.39a 0.12¢ 72.44bc
M AR %% NF9 14.13+ 40.04+ 12.13+ 20.00+ 1.17+ 83.63+ 33.72+ 6280.39+

0.67ab 1.03a 0.61a 215a 0.39ab 12.44a 0.20b 180.81a
MR 212 11.86+ 36.46+ 10.60+ 18.90+ 0.46+ 81.50+ 34.50+ 5295.80+

0.76b 1.58a 0.60ab 2.12a 0.09b 9.23a 0.46a 75.14bc
LR (0 AR % T43 13.40+ 37.07+ 10.14+ 17.21+ 1.24+ 65.43+ 30.05+ 4288.55+

0.9ab 1.12a 0.71b 2.08a 0.19ab 6.89a 0.13e 102.07d
20 K% 60 13.67+ 38.24+ 10.36+ 19.91+ 1.22+ 65.82+ 31.70+ 4993.27+

0.55ab 1.02a 0.45ab 1.60a 0.22ab 6.09a 0.03d 144.58¢
CK2 12.92+ 35.414+ 10.86+ 18.36+ 1.11+ 59.504 27.50+ 4219.71+

0.61ab 1.77a 0.35ab 2.04a 0.20ab 8.94a 0.01f 36.66d
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Tab.3(Continued)

Effect of Trichoderma treatments on the yield of maize after inoculation with Fusarium verticillioides

- B i e N Ok =% S EL
g NEER e m/mm mm ORE mRR g g PR R
- Trichoderma . . . Seeds per Length of . . 100 grain (kg/hm?*)
['reatments R Ear length  Ear thickness Rows per ear . Ear weight . .
starins row convex tip weight Yield
B R OKRE 198 15.11+ 37.78+ 12.43+ 26.934 1.02+ 82.00+ 29.154+ 5246.04+
Seed soaking 0.74a 1.35ab 0.48b 1.85a 0.31a 10.20ab 0.12d 142.17bc
FRCAE KS 12.99+ 38.15+ 11.43+ 21.00+ 1.55+ 78.71+ 32.064 5778.82+
0.64a 1.44ab 0.57ab 3.17ab 0.48a 11.97ab 0.00ab 189.50b
MR ARBENF9 1255+ 35.26+ 10.92+ 16.31+ 1.18+ 61.23+ 32.03+ 4744.35+
0.79a 1.71b 0.54ab 2.23b 0.19a 33.17b 0.25ab 59.03cd
MR AT 212 15.29+ 41.44+ 11.33+ 22.67+ 0.99+ 102.33+ 31.93+ 5364.04+
0.86a 1.15a 0.67ab 4.06ab 0.35a 7.88a 0.09b 467.20bc
LR (0 K% T43 14.35+ 37.94+ 11.60+ 24.10+ 1.01+ 78.70+ 32.14+ 6760.24+
0.93a 1.06ab 0.40ab 2.23ab 0.20a 11.25ab 0.60a 56.70a
LR RFE 60 12.79+ 37.18+ 11.38+ 18.85+ 0.73+ 70.92+ 26.67+ 5743.18+
0.73a 0.73ab 0.27ab 1.85b 0.11a 8.31ab 0.04e 169.95b
CK1 13.15+ 36.04 4 10.62+ 19.54+ 1.15+ 60.69+ 29.45+ 4548.50+
0.70a 0.80b 0.42b 1.66ab 0.21a 5.04b 0.04c 55.17d

T« R T B SR /NG A R b B 22 5 M (P<C0.05) 0 R 4TF],

Note: Lowercase letters after data in the table indicated the significance of difference between treatments(P<<0.05). The same as Tab.4.

M 338 0T LA, BT A A B A A AL B 1
R T R (P<20.05) , Hip i ok
B 212 My kKB NF9 1% & it & 4 B o8 34.50,
33.72 g, W3 m T H A AT WAL (P<<0.05) , {2 2F
Ay Ik 25.45% . 22.62% 5 B 4 (5 K % T43 4h,
HAABERBRKAHEN ER2H B EST
X (P<<0.05) , Wy KB NF9 [ 7 & fiw & L 35 3
6 280.39 kg/hm?, fle 4 3y 48.83 0% s A% 14 Ak HHL 5
(M H A A AR S X R B 2

T KA PR 422 P L HE R R A T S L X BRI ROk
ZE 8595 5 T 48 B R 72,59, 1 WA KK B 198 g A K
B TA3 T4k (0 KB 60 13 Fi kb 2 1) 95 15 48 £ 5 5 oy
50.37.60.74 F1 60.00, ¥4 & 25 1% T %5 HE 1) 55 175 4 2%
(P<C0.05) , 78 — & R L BEAR T £ K19 & o 2
o W IROR B 212 12 B Ak B S RO R A Y
R TR B(P<20.05) , 43 51 2 41.44 mm #1102.33 g,
e Az 2R 43 1 3K B 14.98%6 .68.61 %6 5 4 4 K % T43,
JE K8 KS M R R NF9 WG R A B 21292 Fp ik
PR R i 34 5 0 B ] B I 2 2% S (P<<0.05)
Horp g (o K8 T43 19 A kL & i, R 32.14 g, fi2
A RON 9.13% 5 BRI P K B NFO 4h , A A% 1=
Ffr b B1US 9 Tk 7 B2 I 3 T R (P<0.05) ,
Hhag (KRR TA3 1Y 7 1 6 760.24 kg/hm®, ik 3 &
T H At A B R AL 3 (P<<0.05) {2 A= %3k 48.63% .
24 AEASELENEMARSBERAEGEX
=R

M 4TI DL A R AT 94 i s, X B

TR ZE RS R BN 79.26, G (0 KB T43 R IK
KB KS Fl 4k (0 AR B 60 414 4b P 1 9% 175 5 5543 1)
41 36.30.53.33.51. 11, 34 & 25 K T XoF HE 14 5 175 48 £%
(P<C0.05) , BEAR T E KM R REEE . FHEIRAREE KS
A K B IS Y R OK K B R T B (P<<0.05)
P& A %R 28.08%6 ; Iy R K %5 198 FI iR X K 2 NF9
Ab FH P A AT o 5 0 B R R W 3 22 R (P<<0.05)
2 A= #4350 R 85.01% Fil 94.93% 5 At A5 A % 1 2
A Ab HR S 4 R B Y 3 T IR (P<20.05)
Horp oy P OK B 212 (i 4b BRI 3 T A K B
4b B (P<<0.05) , A ki T & 4 30.81 g, it A= % h
10.11% 5 M KA EE NFO 4 5 19 oK 7= e s L ik
F 5 970.14 kg/hm?*, {2 4= %y 43.94 %6 3 K85 14 4k 2
(1 H A 4G AR 5 0 BN A B 3 25 5

PR R A iR 90 B S, X R T K 2K 08 0 e 1
FRE R 75.56 , 1 &k 4 K H 60 W K KB 212 M NF9
R Ak B 5 1% 8 805 S Ol 57.04.59.26.61.48,
4y b 2K T % B 9 19 48 B (P<<0.05) , 7F — 2
JEERRALT BRI ERBE . R AR 198 JFIK
KB KS 2 Fpab B 5 T K BURL 2 9 40.29,
40.27 mm, B 3 & T X (P<<0.05) 2 A4 R 5001
21.76% .21.70 %% 5 T A A 7 A s ol b 3L 1 AR A T 5D
3R T X B(P<20.05) , Ho &g (8 KR B T43 (1) 1
TR %, H12.5017 AR N 47.06% . M A
£ 198 By B T & K 106.20 g, b 3 5 T X B (P<<
0.05) , {2 4 K 5] 177.07 % s Wy P K 8% 212 [ & hr
P 2 R T O IR At R B R AL B (P<<0.05) , i
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39.16 g, i A= %k 29.20 06 5 I A7 A B¢ TR i b 3L
9 K 7 i ) i 3 e T X B (P<20.05) , JE B IR

KB KS (77 i1k 6 353.74 kg/hm , 2 5 T xF B A
HA AR A (P<<0.05) {24 %3k 5] 61.26 % .
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Tab.4 Effect of Trichoderma treatments on the yield of maize after inoculation with Fusarium graminearum

S T F 07 JNK ) peea AN E=N O L
pa ATEE e mime mgw DRR ARRIm g, ARMEVE R
= Trichoderma . . . Seeds per Length of . . 100 grain (kg/hm?)
['reatments R Ear length  Ear thickness Rows per ear R Ear weight X X
starins row convex tip weight Yield
AALHE MR 198  13.59+ 36.90+ 11.71+ 22.14+ 0.64+ 82.57+ 28.52+  5641.67+
Seed coating 0.92ab 1.82a 0.52ab 2.64a 0.23b 11.64ab 0.01d 260.48ab
FERAZE KS 14.96+ 36.76+ 10.89+ 19.11+ 1.04+ 73.894+ 28.63+ 5075.19+
0.56a 0.83a 0.68ab 2.62a 0.61ab 8.57abc 0.06d 218.68bc
MR AR NF9 13.56+ 37.94+ 12.22+ 22.78%+ 0.70+ 87.00+ 28.31+ 5970.14+
0.67ab 1.56a 0.41a 2.30a 0.27b 10.79a 0.03e 188.58a
WA R 212 11.54+ 35.97+ 10.00+ 15.23+ 1.00+ 54.924+ 30.81+ 4651.39+
0.75b 1.28a 0.60b 2.07a 0.09ab 7.09bed 0.03a 244.27cd
L0 KB T43 12.82+ 36.594 11.60+ 19.90+ 0.97+ 67.304 30.58+ 5428.27+
0.63ab 1.22a 0.40ab 2.55a 0.13ab 8.96abc 0.04b 146.73ab
Zx 4 K5 60 13.22+ 31.524+ 11.33+ 14.67+ 1.45+ 34.67+ 30.17+ 3575.64+
1.20ab 3.11b 0.67ab 2.33a 0.48a 8.19d 0.06¢ 121.2d
CK2 11.68+ 36.684 11.56+ 18.67+ 1.10+ 44,63+ 27.98+ 4147.59+
0.57b 0.77a 0.44ab 1.57a 0.14ab 260cd 0.05f 270.45cd
RAALE IR RARE 198 16.544 40.29+ 11.60+ 29.00+ 1.00+ 106.20+ 31.17+  5610.06+
Seed soaking 0.40a 0.85a 0.40a 0.89a 0.34abc 7.94a 0.01c 399.75ab
SRR R KS 13.33+ 40.27+ 11.82+ 22.184+ 0.874+ 83.554+ 32.31+ 6 353.74+
0.44b 1.19a 0.33a 1.27ab 0.20bc 6.74ab 0.01b 191.77a
MR A FE NF9 14.20+ 35.784+ 11.20+ 20.804+ 0.624 71.00+ 29.46+ 5302.14+
0.44ab 1.53ab 0.53a 2.71b 0.15¢ 7.94bc 0.02f 17.19b
R AR % 212 14.08+ 36.15+ 10.80+ 14.70+ 1.66+ 61.90+ 39.16+ 4973.78+
0.68ab 1.45ab 0.44a 2.35bc 0.38ab 8.06bc 0.00a 277.39b
LR AR T T43 14.09+ 35.89+ 12.50+ 19.50+ 1.46+ 74.50+ 30.19+ 5450.29+
1.12ab 1.87ab 0.33a 2.39bc 0.43abc 13.08ab 0.07e 358.21b
k(0 A% 60 11.97+ 34.984 10.53+ 16.93+ 0.834 62.93+ 30.24+ 5256.38+
0.84b 1.63ab 0.63a 2.06bc 0.12bc 9.01bc 0.01de 167.04b
CK1 14.55+ 33.094 8.50+ 12.50+ 1.80+ 38.334+ 30.31+ 3940.134
1.67ab 3022b 0.96b 2.18¢ 0.29a 13.38¢ 0.01d 236.71c
I
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