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Effects of Trichoderma pseudokoningii agents on growth, antioxidant system
and control effect against fusarium wilt of cucumber seedlings

MA Guangshu', ZHANG Ting', LI Runzhe', LI Mei*, LIAN Hua'

(1. College of Horticulture and Landscape Architecture, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China;
2.Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract; Trichoderma pseudokoningii 886 strain with good control effect against cucumber fusarium wilt se-
lected in our previous studies was used in this experiment. The effects of Trichoderma pseudokoningii 886 agents on
seedling growth, antioxidant system and control effects against fusarium wilt of cucumber seedlings were evaluated
through a pot experiment from May to August 2019. The results showed that application concentrations of Trichoder-
ma pseudokoningii agents effectively improved the control effect of cucumber fusarium wilt, and the treatment of 10°
cfu + g”' was the most effective one, with disease control efficacy of 83.98%. Different application concentrations of
Trichoderma pseudokoningii agents effectively improved the plant height, stem diameter, leaf area, root volume,
root shoot ratio and strong seedling index of cucumber seedlings compared with CK (application only the pathogen
of fusarium wilt). The treatment of 10° cfu + g™ had the best promoting effect on the morphological formation of cu-
cumber seedlings. Application of Trichoderma pseudokoningii agents increased protective enzymes including catalase
activity (CAT) , peroxidase activity (POD) , superoxide dismutase activity (SOD) , ascorbate peroxidase activity
(APX) , polyphenol oxidase activity (PPO) and proline ( Pro) content of cucumber seedlings leaf and decreased
relative conductivity and malondialdehyde ( MDA) content. The treatment of 10° cfu + g”' had the best promoting

effect on the antioxidant system of cucumber seedlings. Compared with CK, catalase activity ( CAT), peroxidase
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activity (POD) , superoxide dismutase activity (SOD) , ascorbate peroxidase activity ( APX) , polyphenol oxidasea
activity (PPO) and proline (Pro) content of cucumber seedlings leaf increased 119.96% , 213.75%, 139.29%,
97.53%, 101.15% and 70.38% ,and relative conductivity and malondialdehyde content of cucumber seedlings leaf

decreased 47.74% and 41.40% at 30 days after sowing. The results showed that Trichoderma pseudokoningii agents

in this study increased the ability of antioxidant capacity, promoted the morphological formation of cucumber seed-

lings, and improved the control efficiency of Fusarium wilt in cucumber.

Keywords: cucumber; Trichoderma pseudokoningii agents; Fusarium wilt; antioxidant capacity; control effi-
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Fig.1 Effect of Trichoderma pseudokoningii agents on

plant height and stem diameter of cucumber seedlings
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Fig.2  Effect of Trichoderma pseudokoningii agents on

leaf area and root volume of cucumber seedlings
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Fig.3 Effect of Trichoderma pseudokoningii agents on root

shoot ratio and strong seedling index of cucumber
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Iy 122.51% (44.76% .65.58% . 168 % Fh 5
15 d #1130 d,T1.T5 gyt il S AR Wi 1 5 CK
ZIE ¥R EEE S Ll CK 5K, 55 K 38.46
U-g' “min'AM79.15U « g - min™", 235k T1,
T5 ik 95.67% .59.52% 1 53.71% .34.38%, [AlkEii
A, 38 AR B A BT B T4 i ok SR A
TEPE R (R ERCR , A BT 42 5 R4 i X A 225
OE 78
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REAN BB F R Frn WK 6 FR, 75 R
TS 15 d 130 d, $URRE [RACEE JEE E 7 B 5 A )
b BRI 4) v R R S 5 Al T ) B
T CK, 7ERRERG 15 d #1130 d, 8R4l
e A A B A il O 4 B Ak B R R G 0 5 2 T
e JE AR S H T3 fesy, 4300 323.85 U - g7 il
429.82 U - ¢', TEBTAEF)G 15 d,T3 & m TH
b 31, 53 5] b H A Ab BE (CK | T1, T2, T4, T5) &
235.77% .82.44% .39.02% .19.29% .94.56% ; T4 ‘i
FET CK.TL. T2, T5, 43l & 181.47% .52.94% .
16.54% 63.10% ; T2 & 3 & T CK,T1,T5, 73 7l 5
141.53% 31.23% .39.95%; T1 5 T5 Z[0] 2% %A i
% BT HEHREET CK, 0515 84.04% 72.58% ;
CK I 68 S Ak W A0 il 3% 1 B A%, 4 96.45 U -
o' TEHNFE RIS 30 d, T3 W T i b 3
(CK,T1.T2,T4.T5), 45l 5 139.29% ,36.86%
24.36% 17.29% .68.60% ; T4 5 T2 2z [A] 22 5% A &
FH - FMEEST CK T, TS, T4 435 &
104.02% . 16. 69% . 43.75% , T2 43 %Il & 92.42% .
10.05% .35.58% ; T1 . T5 ,CK Z [a] ¥4 5 P g & Pk 2%
5 LLCK &A%, 0 179.62 U - g ', 233 kL T1.T5 {1

. -1
e min ')
— 8o 139 (%)
(=] (=] wn S
(=} (=} (=] (=}

Peroxidase activity
9
(=}

w
=4

f=}

I E RS TE/(U - g

1 Bl K 2L Days after Sowing/d‘
M CcK Tt E12 BT13 Or4 BET5

5 WRRABEFN &R EESLYEEERNZIT
Fig.5 Effect of Trichoderma pseudokoningii agents

on peroxidase activity of cucumber seedlings
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Fig.6  Effect of Trichoderma pseudokoningii agents

on superoxide dismutase of cucumber seedlings

74.84% 41.93% ., [RIFE UL, 38 A B A 7 A B
BN I R S 0 Tl % M LA R IR
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224 WEKKERBIATHANZING G A
PR BRI B AL B 6 Fem MR 7 PR FE R
TS 15 d 130 d, $URRE [RGB A B 7 A )
AR PR B RGBS I R e R A ) il )
T CK, 7EERNIEF G 15 d #1130 d, Podk iR it
ALy it 57 it A BHE v R I S S T v S R A R
H T3 £, 2090 192.16 U - g7' + min™' i1 259.61
U-g' -min"', ZEEJNIEFIG 15 d, T3 5 T4 Z[A]
EZRARE H_FEWEEST CK.TL,T2.T5,T3
435l 107.45% 15.51% .10.70% 48.93% , T4 433l
55 102.37% .12.68% .7.98% 45.28% ;T2 5 T1 2 [f]
ZRARE H T HH B E ST CK.TS, T2 4055
87.41% 34.54% ,T1 43 ¥ 79.60% .28.93% ; TS 4%
CK 3 5 39.30% ; CK U IR Il R i 4 1k 40 1l A 11K
59263 U« g - min™', 7EENERIG 30 d, T3
FEETHAMAAT (CK.T1I. T2, T4, T5), 70 &
97.53% 38.36% .17.12% .9.80% .63.73% ; T4 5 T2
ZRZESAEE B HEHEERT CK.T1.T5,T4
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S 79.90% ., 26. 01% ., 49. 12%, T2 43 5 &
68.65% .18.13% .39.79% ; T1 ' T5 .CK 2 i) 4] 1 3§t
TS UL CK MK, M 13143 U - g' - min™", 5
B T1.T5 1% 42.77% 20.64% , XA UEH i 5 AR5
PA AL B A v i e B il R ) A A AT
PRHFRCR  SE MR = T RG22 it
225 WEKAKEEBIBTENSTERLY G R
% B AR F W Hra W 8 s, E B RFE A
J& 15 d F130 d, $0U5E FCA 35 JE £ A1 P 770 A ) Ak 3
TR A 2 B A B TS PR B S T CK
FEH TGRS 15 d F130 d, 2By A ARG M2 B b
PR R I S 5T = SR R S B T3 e, 43
H}372U0 g +min'M561U-g" - min"', 7EH
JEFI S 15 d #7130 d,T3 &= T CK.T1. T2 . T4,
TS, 43 9l & 137.65% . 22.22% . 12. 03% . 8. 67% .
25.77% H1 101. 15% . 16. 60% . 12. 53% . 11. 14% .
17.72% s FEH MG 15 d F130 d,T4 5 T2 Z[H
ZRARE B HHEEST CK . TL.T5,T4 T2
T NIE RIS 15 d 43 91 118.70% . 12.47% .
15.74% 1 112.13% .9.09% ,12.26% , T4 T2 {£ # K
&R 30 d 2057 80.98% 4.91% 5.92%F178.76% .
3.62% \4.62% ; 1E 3 N FI S 15 d #1130 d,T1 5 T5
ZMZESARE B FH W E T CK, 785 RHE
FhE 15 d 43507 94.45% 88.96% , 16 5 K& Fl i 30
d 7305 72.52% ,70.86% ; 7E # RFE AP 15 d F1 30
d,CK ¥IHA%, 433 1.57 U - ¢' - min ' A1 2.79 U
< g™ s minT', SRV, IS R E AL B R
LT A 22l A A N PR ELE S RO, SRR
THR AL ZE e BT
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TS5 TN T & 1 5 BIIK 29.70% . 41.70% . 60.82% .
49.76% \21.94% , J5t JE 335 1 43 HAIK 9.44% (34.46% |
50.91% 36.61% .6.56% ., T1.T5 Z[a]N /&2
RARE B HYEEST T2.T3.T4, 573l =
20.59% . 79. 44% . 39. 93% F 33. 89% . 99. 23%
55.36% ;T2 T4 Z [A] 22 57 A g 3 H —# ¥ & 5
T T3, 209 48.80% il 28.24% ; T3 TN 1% & i i
i, 10.41 wmol « g™', T1.TS Z[8] 5 i 1 25 5+
AREFE H_HFHREER T T2, T3, T4, 70 =
38.18% 84.46% 42.87% il 42.58% 90.33% .47.42% ;
T2 T4 ZEZERARE B HE¥REST 13,4
W 33.49% A1 29. 11%; T3 i & Mk /s 1%, N
37.65%., T3 2 &t i, M 123.62 pg - g,
W E T CKL.T1. T2, T4, T5, 4% % & 70. 18%
43.46% 31.16% .15.16% 48.58% ;T4 ¥ =T CK .
T1.T2. T5, 4% % & 47. 78% . 24. 58% . 13. 90% .
29.03% ;T2 & % T CK.T1.T5, 43 M & 29.75% .
9.38% 13.28%;T1 5 T5 Z M| 2 F AR FH (H %
PR EE T CK, /95 18.63% 14.54% ; CK % 2
SRR, N T72.64 pg - g,

BB E 30 d, P05 PG AR B JEE 4 7 1T 31 A
[FI A3 A 5 P9 i SRS PR L
FERE 15 d Ak e, H T1.T2 T3 . T4 TS 7§ i
T AT AT CK, T i A
34.84% 45.07% .60.28% .50.46% .27.35% , i JIi %5
M4 SR 15.39% . 29. 30% . 46. 10% ., 32. 86% .
11.16%, TS N S EBE ST T1.T2.T3.T4, 5
I 11.49% 32.25% .82.88% .46.65%;T1 E & T
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T1.T5 Z [0 BT fids 25 S oA i 3 (H =3 ¥ i
FET T2 .T3.T4, 43 5 19.68% .56.96% .26.02%
F125.67% 64.81% ,32.32% ;T2 . T4 Z 0] 2 F A B
FHFEHREST T3, 5 31.15% 1 24.56% ; T3
FEEEPERAR, Jy 51.84% , TEREFNE 30 d #UHE IR
AR JE A 76 T 1R 7R A () Ak BT B R4l i i A I A
PR i LLAB AR S 15 d A P dt s, T3 & iR % & i
0,0 157.47 pg - ¢ BER T CK.T1.T2.T4 . T5,
4358 70.39% 43.74% 32.93% 24.87% .47.86%;

T4 % # B F CK,Tl.T2.T5, 4 3 & 36.45% .
15.12% .6.46% 18.41% ;T2 W ¥ & T CK T1.T5,4)
N E28.18% .8.13% 11.23%; T1 5 TS Z 8] 22 %A
B HFHHEES T CK, 550 & 18.53% F
15.23% ; CK AR & i efik, 49 92.42 pg - g7,

g5 bRl 3 AR A R AL B AT AR B R4 i
I e R T R R ST R 1 v R 1 R DA
CAT .POD SOD APX . PPO 25514, #4517 Hiéafb
RGHITIRE, S T E R A 2 B IR RCR

x 1 MRERABEFNENL B EEIERARM

Table 1  Effect of Trichoderma pseudokoningii agents on physiological indexes of cucumber seedlings

BT 15 d 15 days after sowing

A5 30 d 30 days after sowing

b3 [Spmt % g s iy 87 d It R 2 (St g s [ i it 2 %
Treatment ~ Malondialdehyde content Plasma membrane  Proline content Malondialdehyde content Plasma membrane  Proline content

/(umol - g) permeability/ % /(g g ") /(pmol + g™ permeability/ % /(pg-gh)

CK 26.57+1.32a 76.69+2.61a 72.64+3.65¢ 39.12+1.43a 96.17+2.36a 92.42+3.62e

T1 18.68+0.69b 69.45+3.13b 86.17+1.37d 25.49+0.85¢ 81.37+1.65b 109.55+5.61d

T2 15.49+0.68c 50.26+1.69¢ 94.25+2.65¢ 21.49+0.65d 67.99+2.61c¢ 118.46+6.35¢

T3 10.41+0.81d 37.65+4.62d 123.62+6.31a 15.54+0.81e 51.84+3.20d 157.47+7.61a

T4 13.35+0.65¢ 48.61+2.70c 107.35+6.16b 19.38+0.72d 64.57+3.46¢ 126.11+6.52b

T5 20.74+0.92b 71.66+1.69b 83.20+3.54d 28.42+1.15b 85.44+2.62b 106.50+7.51d

L R P RBUE S DR W E AR 22 RFUAR R NG FREROR 2253 35 (p<0.05) , T 1AL,

Note : Values are mean values#standard error in the table. Different lowercase letters mean significant difference at 0.05 probability level within the

same column. The same as following.

23 WERABEEATFEANERBERZRK

IR

TEFETIEFR G 15 d, JA2 4005 [R5 5 1 46 1
PRRIAL BT 1 5 N AI B 19 % 05 % e 17 18 ORI B i
ROR GERANZR 2 TR o AN [R] 405 TR 25 74 77 b 34
TR A R I 4 B LT CK, o T3 &
R E TR BORAR, 70 3R 6.329% F1 8.27, T3 5
T4 T4 5 T2 BIFEEFEIALRE T1 TS BIEE
SAWEFEME T FH R E ST T2, 13,14, 73 &
126.56% .198.26% . 152.68% il 88.46% . 148.10%
110.19%, T1.TS WfEFs 5= A H 588
EET T2 T3 T4, /3 55 45.06% 137.85% 61.36%
H130.97% 114.75% 45.69% ;T2 T4 Z [d] 2% F A
FEHHBEET 13,5095 63.97%M 47.40% .,
T3 BiiA SR B4, 83.98% ;T3 W& & T T1. 12,
T4 TS, 53 5 155 35.69% . 13.90% .9.95% . 28.04% ; T2
5 T4 T1 5 T5 ZIE2Z5EARE ;T Piia8UR i
i, 4 61.89%,

3 W w®

Bt o AL i AL | el Al B A B A %
ARSI YL AL, (A5 2 T0 3 ) -2 5
feERRE B, HrP R Z e 2 AR 7 h— A

x2 BERRABENENHERP M0
Table 2 Effect of Trichoderma pseudokoningii

agents against cucumber Fusarium wilt

b KIS % P46 BIIARCR %
Treatment  Incidence ratio Disease index Control efficacy
CK 95.36+7.12a 51.61+4.61a
Tl 18.85+1.27b 19.67+0.84b 61.89+1.32¢
T2 8.32+0.34¢ 13.56+0.56¢ 73.73+£5.21b
T3 6.32+0.25d 8.27+0.73d 83.98+2.16a
T4 7.46+0.74cd 12.19+0.71¢ 76.38+3.22b
T5 15.68+0.90b 17.76+0.81b 65.59+4.36¢

fi T P E Y AR BB E Y KIILOE, BTG
ZER Y BTG AR AL R 24 Al 2 AR 24 1 B
SRIUAG T — R ISR, (H R 35 ft o 19 52 ) LA B
XHEBSIEE M fEE B 25 w282 6wk
D POPNESE= 2N 15 2 SRR E S Wsa a g B S i /A
el 7 it — IR BB 55 . R, Tl E X AE S A
by HL sl R e o A B s A Ry b B2
ARBGAE R T2 1 R AE R A B EL T, XA
JRE A AEPUEN, a8k JJ# Fusarium spp. |
JEREE Pythium spp. JEBLE Phytophthora spp. NI
224% W8 Rhizoctonia solani %5, F| Az Bli A% B B iR
P TTwE S EE AREY) AL A B 2 AT T RGE
ﬁﬂﬁgﬁ[zs]ﬁﬁﬁﬁ%@*% Trichoderma viride ¥ TV
PR BT 22 95 1Y B3 R0 47.49% 5 KABSUKR ¢ Tri-
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choderma longibrachiatum 8% JIAR 25 95 1) B 55035 3]
75.74% , 1Ml &% 6. K B Trichoderma viride ) Bj % H
70.76% . AWFFEH T3 ARG 10° cfu - ¢
JiRE EC AR 5 181 7, X A 22 0 09 B IR SO B AF, R
83.98% ;T3 Wy 1% 5 B B Ry 8.27 , i eIk T+ CK
Rl FH ULRE R A B B 711

BEAN , ARBEALRE NS B i6 4 P96 5, 38 X A )
LA R R AR, anskeoby 545 B g R 0, TR
LROKBE R WOV B2 R T i AR K A B B
AVER, JUHDE: 100 £5 76 B R A B 1% BB 272 R4 P AR
RRKJE bk T AR A X R S
W1k 16.95% . 13.33% 40.57% .73.68% Fl 36.36% ;
AHCHR AR F 9T R, A2 B KB GYXM - 1pl [ #k
o H A AR A 1 P s I S, Ak L A A f
TR B T A ) A K 6T R 8 i 417. 60% Al
762.69% ., AT T3 B 10° cfu - g_]fulﬁfgﬁk%?
JEL 45 76 P 751 Ak BHL A R v L ZEOREL L TR AR AR
R 5eE Ll FHOH: 1 i B335 78 25 Ab 31 b oy fe g, 43 50l R
17.284 ¢cm 4.241 mm 37.843 ¢cm®.0.510 ¢cm’ ,0.103 ,
0.108, 4> %I It CK &5 70.93% .50.76% . 105.41% .
200.00% \51.47% .68.75% , 3¢ IR 0L B G A 25 4 34
X B RGi RAE AE VR 3X ] fig g2 N R K gl
PE TR A B A A A R S AR 4 A KOtk
AR TR AERDY

KRBV S Y B AR SR P R S S Y
W CAT ,POD ,APX ,SOD . PPO  PAL ( 27N % fift 2,
fitf ) SE U AEAR I =1, 2 MDA | 5 535 P | Pro 4§
A= BRI, X 26 ) o R R T i A R RE S
W RGHHE . BT BIVF 205 I8 48
P A A AN B 3 4R Ak 1 B 38 S R e L
TRTER IR G, A e Y R R, 2K
HZ-31 WHRIZYZE NS ,POD % /1 \PAL i% /7 .SOD ii%
F— TR 43 BN 46.44% (72.21%
8.12%., Fiti s ) A0 T 0 4k T e, A0 B A0 B ) Al iR
Wi as , CAT 1% 71 . PPO 3% J1F1 MDA #& & 5T & 5
BEAR , ULIAZE 2 bk HZ - 31 12 42 I B 180 B 9 305
HASE T XHR YL A B AR 7 5 T4k DY B 5T R0
Jitifin 0.5 ¢ « ke WA ARE SFC-3 B R 0] LLA 42
E/NEZ I SOD A POD &, 4 it ik 1.0 g
- kg™ BT AE W E R MDA i MR 1.5 ¢ -
kg™ I X6/ IN2Z A5 28 H g 1Y) 977 455 7T 1k #1] 88.68% 5 2%
B H DRI KK EE TS PEATIR A A HE MR A 3 |
ERFW T8 A i R T S R AR
T ARKFEAR ) 3 5 TRl CK 41,55 3 # T8
2 ZEFF 9 SOD . POD \PPO Filfit & 2 75 1t 40 3l Hb CK

2H 15 9.89% ,130.00% ,13.89% F1159.05% , X 511 5
AEFEFHEY R MASEIEA X, AF5E
gL FEEE TR RS 15 d A1 30 d, 45 e B 40U
PR B SRR A J1 ) 340 B IRl G it - CAT . POD |
SOD . APX .PPO {if 4 H A 2w fE H , HL# RI% Fh 5
30 d /Y CAT .POD .SOD .APX .PPO i 115 H#& Fh s
15 d A, EERFERNE 30 d, T3 L #E/EH]
feik, CAT . POD ,SOD APX .PPO /33t CK #2531
119.96% 213.75% .139.29% .97.53% .101.15%, 7l
B, 4PLRRE TR 25 B 4 96 - 7 7 38 %) 3 N &0 i i
MDA & JFEENE Pro & B — &%, 78 %
JRFEFIE 30 d, T3 P 8 5 o2 R o B M Je IR, 40
oA 15.536 wmol + ¢! Fil 51.842%, 43 %Il b CK A%
46.10% 1 60.28% ; T3 i 2 IR % & 5% /&1, 4 157.467
pe - g ', CK Ri70.38% X B 5 Hi AHF5E 45 4
AHZEARL, 3X AT RS2 P Jhy 400 B [ 25 aok 5 3% N B
Vi, 5 50 I TR AR % 2% 10 R B0 ICAR B 77 42 CAT
POD SOD APX ,PPO S5R4F Ml T BR T AP 1A N
PR (ROS) PO BT MDA &8, BT Pro &
U G TR A T IR o SR A A R 4
B A5 th SO I e HoRE DT R 4 A i
17 TRIESE 70 e Sl i vh K 60 AR R AH SC A= LR s
AT RGP S SR RO &R I 1 1A
FI e AR K AR A B AILEE

4 4 i

PR (RS 886 J5-IH 707 B 771 38 ol 44 1o 95 )N &)y
BRI BEG T, OGE T AR TS T, R T RS
SR, B T IO A e P, e L T3 B
10° cfu + g " FOURRE PR 2 JEEEL 760 B 59 2 SR fe i
FEE K PR S 30 d, B8R 4118 i B CAT, POD,
SOD . APX, PPO 4 5l b CK # & T 119. 96% .
213.75% 139.29% 97.53% .101.15% ,MDA & J5
JEE PS> 9 L CK FAA 46.10% 1 60.28% , Pro 75+
H CK 155 70.38% , [RIE, T3 AbFH 5% N4 v bk i 22
HL AR AR AR S B ADH: 7 45 %o i e CK
1 70.93% . 50.76% . 105.41% . 200.00% . 51.47% .
68.75% , % B JINAH 2 I B 355 21 83.98%

2 % X k.
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