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Effects of biochar and Trichoderma pseudokoningii on the growth
of cucumber seedlings and control effect against Fusarium wilt
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(1. College of Horticulture and Landscape Architecture, Heilongjiang Bayi Agricultural University, Daging,
Heilongjiang 163319, China; 2. Jilin Academy of Agricultural Sciences, Jilin, Jilin 132011, China;

3. State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of
Plant Protection, Chinese Academy of Agricultural Sciences, Betjing 100193, China)

Abstract: To study the control effect of exogenous substances on cucumber Fusarium wilt, biochar and Tri-
choderma pseudokoningii were used to determine the effects of different treatments on cucumber seedling growth,
rhizosphere soil enzyme activity, leaf antioxidant enzyme activity, and control efficiency against cucumber Fusarium
wilt through pot experiments. The results showed that both biochar and Trichoderma pseudokoningii improved the
quality of cucumber seedlings, increased enzyme activity in rhizosphere soil and leaf protective enzyme activity, and
enhanced the control effect on Fusarium wilt disease. Among them, B1T3 (1x10* c¢fu - ¢g”' Fusarium oxysporum
powder +40 g - kg™' biochar+1x10° cfu « g™ Trichoderma pseudokoningii) was the best. Thirty days after cucumber
sowing, the activities of sucrase, urease, alkaline phosphatase and protease in the rhizosphere soil of B1T3 were
significantly higher than those of other treatments, with 137.44% , 143.05%, 139.84%, and 180.00% higher than

those of CK (1x10* cfu + g”' Fusarium oxysporum powder) , respectively. The activities of superoxide dismutase,
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ascorbic acid peroxidase, catalase, and peroxidase in the leaves of B1T3 cucumber seedlings were 75.67%, 97.32%,

71.95% , and 146.06% higher than those of CK, respectively. The height, stem diameter, root shoot ratio, and
strong seedling index of B1T3 cucumber seedlings were 86.30%, 107.91%, 162.50%, and 228.57% higher than
those of CK, respectively. The control effect of potted cucumber wilt disease during seedling stage reached 91.21%.

Research has shown that biochar and Trichoderma pseudokoningii enhance the antioxidant enzyme activity and rhizo-

sphere soil enzyme activity of cucumber seedlings, promote seedling morphogenesis and material accumulation, and

improve the control effect of cucumber wilt disease.
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Fig.1 Effects of biochar and Trichoderma pseudokoningii on enzyme activity in cucumber rhizosphere soil
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Fig.2 Effects of biochar and Trichoderma pseudokoningii on antioxidant enzyme activity in cucumber seedling leaves
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B1 fl B2 F,BI1T3 £l B2T3 M- A POD {5 PE 143k 5] %
EE, A 227.21 U - g F1219.82 U - g',
BITO BIT1.B1T2 BIT3 BIT4 ¥ B & & T CK, /¢
IR B 34.84% 42.16% . 103. 77% . 146. 06% FI
72.59% ; B2TO .B2T1 . B2T2 . B2T3 F1 B2T4 ¥ i 3 5
T CK, 4394255 17.22% 23.29% .88.27% .138.06%
F149.79% ., BI1T3 3% & T BITO BIT1 BI1T2 #1
B1T4, 43535 82.48% . 73.09% .20.75% F142.57% ;
B2T3 3% &= T B2TO B2T1 ,B2T2 F1 B2T4, 3 | 2
57 103.09% ,93.08% ,26.44% 1 58.92% ., BIT2 5
B1T4 B2T2 5 B2T4 Z [A]i5 3] i # /K (P<0.05) ;
BITO 5 BIT1.B2TO0 5 B2T1 Z [ 3 A 35 3] i /K
S (P>0.05) o
2.3 EYRMABEXNERAERSERNZMm

TEE NFEFNG 30 d, A= M o AR 25 B0 1 T4l
MBS E AR bR 52 N 5% 2 Fros, 78 Bl Fl B2
T, AN [FIAL S TR 4 i bk 2 AR L Rt A

BB A LR LG 25 T ) ok B G i 2 5 BT IE
TRERAS L B, HIFE BIT3 Fl B2T3 i #] i K
B, FEAR AR BE LR [OR & R R AL # R, B Ab 2
TR TG bk v 2R RS b R 1 AR B0
T B2 b BET X 4l T A LR R .

BIT3 Fl B2T3 5 JR &)y itk w51 L 220 AR et LE il
MR B e, 4 5M 16.32 ¢m ,5.26 mm ,0.21 |
0.23F115.95 ¢m .5.09 mm 0.19.0.21, Hr BITI1,
B1T2 B1T3 I BIT4 #k &34 .3 5 T CK, 43 5l 2 =
19.06% . 62.56% . 86.30% 1 45.32% ; B2T1  B2T2 .
B2T3 1 B2T4 #hk i ¥ 8 # & T CK, 4> 92 &
17.12% .58.22% .82.08% 1 42.81% ., BIT3 ¥ i
Z® T CK,BITO,BIT1 BIT2 1 B1T4, 4 %Il 4% &
86.30% .74.17% .56.47% . 14.61% F1 28.20% ; B2T3
FhiEn B2 5T CK . B2T0 B2T1 . B2T2 Fi1 B2T4, 734
15182.08% 73.18% .55.46% 15.08% 1 27.50% ., CK 5
B1TO CK 5 B2T0 Z [ AL F B & /K- (P>0.05)

BITO BITI BIT2 BIT3 il BIT4 X414 i &5
T CK, 3R i 13.44% 30.83% ,70.36% ,107.91% £l
50.99% ; B2T1 . B2T2 . B2T3 Fl B2T4 LM ¥ b & =
T CK, 7042 5 26.88% 64.43% .101.19% F148.62% .,
BIT3 25 3 & T CK .B1TO B1T1 . B1T2 #il BIT4,
I3 5 $ 107, 91% . 83.28% , 58. 91% , 22. 04% Al
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37.70% ; B2T3 Z54H i ¥ = T CK \B2T0 ,B2T1 ,B2T2 FiI
B2T4, /3 4R 7 101.19% .85.09% .58.57% .22.36% Fil
35.37%., CK 5 B2TO 2 [b] 7 ik 2 & & /K F (P
>0.05) ,

B1TO .B1T1,BI1T2 BIT3 HI B1T4 R & [t 4 @
FET CK, 20 4R B 25.00% .37.50% . 112.50% .
162.50% F1 87.50%; B2T0, B2T1, B2T2, B2T3 #i
B2T4 AR5 e 34 &8 3 F CK, 0 il 42 5 12.50% |
37.50% .100.00% . 137.50% 1 75.00% ., B1T3 # & Lt
B ® T CK BI1TO BITI BIT2 1 B1T4, 4> Bl 42 &
162.50% ,110.00% .90.91% .23.53% #1 40.00% ; B2T3
HREE e 2 8 T CK \B2TO . B2T1 ,B2T2 Fl B2T4, 4351
$E1E 137.50% 111.11% [72.73% \18.75%F1 35.71% ;

BITO . BIT1.B1T2 BIT3 F1 B1T4 H:ifi & ¥ 34
BERT CK, B 85.71% .57.14% . 142.86% .
228.57% F1 128.57%; B2TO, B2T1 . B2T2 , B2T3 i
B2T4 M HE 80 W 25 T CK, 43 Wil $ /& 42.86% |
71.43% 114.29% 200.00% F1 100.00% , B1T3 H: 1
18R =T CK B1TO BIT1 BI1T2 H1 BIT4, 43 5
$55 228.57% . 109.09% .76.92% . 35.29% Fl 43.75%;
B2T3 M 48 #  & /= T CK . B2T0,B2T1,B2T2 Al
B2T4 , /354215 200.00% .110.00% .75.00% .40.00%
#150.00% .

24 HEYRMABEMNENSEHERAKNGE

MR

YNGR 30 d, JHETE B M1 B2 T, 49
IR TS PO H8 I P 9 % 9 SR RN R 9 1 O, 1135
o 1B R RSB i R, A W e FOR 85 TR X ST 1
2SR B IR AR B R 4N 2% 3 s, 7E B1 A1 B2
T AN Ak B IS 1 0 2 U 1 48 £ Bl 2 40
¥ A T 91 ke B 88 i 52 PR BB e B TR AR Ak
T B IR RCR W 2 B BT R R A b
P, AR RV B A HUURR FOR & R R AL B R, B b2
TR TG s 2R R 1 48 BT B2 b3,
MBI {5 T B2 AL,

7E B1 T, B1T3 #JRA ApR A e 5041k
FIEARAE, 73510 7.36%F1 4.78, CK KI5
B4 85T BITO BIT1 BIT2 BIT3 BI1T4, 735
160. 69% . 417. 06% . 879. 43% . 1258.70% . 743. 17% Fil
163.24% 245.14% 552.58% 1037.24% 434.51%., BIT3
BIvAR I i 5 (91.21%) , BIT3 &3 = T B1TO BITI ,
BIT2 1 B1T4, /3 54 &5 47.09% 28.41% 7.71% Hl
12.20% , 1£ B2 & ,B2T3 ¥ N4 1 & 5 2R F 15 15
BEE BN AR, 439910 9.17% 1 5.36, CK &R
FFE 1 5 £ 4 2 & T B2T0, B2T1, B2T2  B2T3,
B2T4, 435 E5131.21% 478.37% 673.40% ,990.51% .

K2 EYRIABENENYERSERZM

Table 2 Effects of biochar and Trichoderma pseudokoningii on the morphogenesis of cucumber seedlings

PR/ cm 254/ mm LisSREA NANEE Y PR/ cm ZEH/mm HR5E AN IR

gt . Qb3 .
Plant Stem Root-shoot  Strong seedling Plant Stem Root-shoot  Strong seedling

Treatment . . . : Treatment . . . .
height diameter ratio index height diameter ratio index

CK 8.76+0.12¢  2.53+0.09f 0.08+0.0le 0.07+0.0le CK 8.76+0.12¢  2.53+0.09¢  0.08+0.01f 0.07+0.0le
BITO 9.37+0.31e  2.87+0.08¢ 0.10+0.01d 0.11+0.01d B2TO 9.21+0.24e  2.75+£0.08¢  0.09+0.0le 0.10+0.01d
BIT1 10.43£0.56d  3.31+0.14d 0.11+0.01d  0.13+0.0lc B2T1 10.26+0.83d  3.21+0.11d  0.11+0.01d  0.12+0.01c¢
BIT2 14.24+0.78b  4.31+£0.19b 0.17+0.01b  0.17+0.01b B2T2 13.86+0.93b  4.16+0.19b  0.16+0.01b  0.15+0.01b
BIT3 16.32+0.91a  5.26+0.2la 0.21+0.0la  0.23+0.0la B2T3 15.95+£0.76a 5.09+£0.25a  0.19+0.0la 0.21+0.0la
BIT4 12.73£0.76¢  3.82+0.18¢  0.15+0.0l¢  0.16+0.01b B2T4 12.51+0.86¢  3.76+0.13¢  0.14+0.0lc  0.14+0.01b

T R AP BB NP BB AR 22, 1R SN R) /NG - R R A B R 22 53 8.3 (P<0.05) , T [A],

Note ; Values are mean values * standard error in the table. Different lowercase letters mean significant differences within the same column ( P<0.05).

The same below.

R3 AEYRIABENERYEH/ERGELRAMm

Table 3  Effects of biochar and Trichoderma pseudokoningii on the control efficiency against cucumber Fusarium wilt

b3 BIHR % ST A B iR % b3 RIS %o VIR (438 B3R %
Treatment Incidence ratio Disease index Control efficacy Treatment Incidence ratio Disease index Control efficacy

CK 100.00+5.36a 54.36+2.12a CK 100.00+5.36a 54.36+2.12a

BITO 38.36+1.13b 20.65+1.16b 62.01+1.43d B2TO 43.25+2.14b 23.57+0.86b 56.64+1.14d

BITI 19.34+0.95¢ 15.75+0.93¢ 71.03+3.24c¢ B2T1 17.29+0.86¢ 17.28+0.93¢ 68.21+£2.63¢

BIT2 10.21+0.82d 8.33+0.52d 84.68+2.67b B2T2 12.93+0.73d 9.81+0.62d 81.95+2.84b

BIT3 7.36+0.37¢ 4.78+0.13¢ 91.21+3.68a B2T3 9.17+0.41e 5.36+0.17¢ 90.14+3.41a

B1T4 11.86+0.84d 10.17+0.86d 81.29+3.47b B2T4 14.25+0.73d 12.27+0.68d 77.43+£3.51b




556 11 J

H2 L FE R R B RO B TCAE R B 22 B R Y 52 213

601.75% H1 130.63% .214.58% 454.13% 914.18% .
343.03% ., B2T3 BHiARCR i (90.14%) , B2T3 &3
5T B2TO.B2T1,B2T2 il B2T4, 43 542 55 59.15% .
32.15% 9.99%F1 16.41%

3 W ®

ARBEANE R 12 I (AR 95 26 7 BT, XAR 45
JREC AT 1S AR HUE A, R T Fusarium spp. |
JEERE Pythium spp. JEEW Phytophthora spp. LA
2 }% 1 Rhizoctonia solani 251" o Mao R T
FARAREE MHT1134 XJ 3% VEBUURS 22555 1 BT 1A 350
S50 7R, MHT1 134 X5 SRR 2295 19 B 16 80 433l
4 63.03% F1 70.21% ; Zhang 52 BF5E T A [ i 46
KeT. asperellum it I X P TR 28905 1 Bl VA R SR s
SERL R K B M45a JUREF sk TP R AE
2B IR AR, BiRRCR 7T LAk $67.44% . £
2 PR ELA 00 S8R 0 A K R i 0 B AL S G T
RETTT A 2 W7 1 TAE 9 B Rt o AR5 i
BIT3 AbFREN 1x10* cfu - g ' R T E #3771 +40 g

- kg T IAER R+ 1x10° cfu - g7 PURE AR BE A AR A
TR, B ARG 200 1) R R B 2 7.36% IR TH
BRI 2 4.78 A ARPIA RO IA S 91.21% , FE 4 4b
P A I A R A F e , 0 BH A R AR B 1 A
Jiti FEGT B 36 o TR 25005 B B B AE AR . B
SRR R B, it AR W R, P SRR D
G28 \NC82 & JIF I 1 A ik 58 43 | B 22 27.65% F
23.27% IR TEHE B BIFE 2 17.26 Fl 14.94 1 Bl iR
BRI A3 513K B 73.65% F1 80.21% , 5 AHIF 57 45
— 3, XA RE A W R AR T RE R AR B 20 TR R TR
ZHA, 388 T AR B 20 TR B VR 22 BRI e R TR
B2 ARHI ST 4t R A W e R OK B T R G R AR
(R 2 5 | Fov A 1 e 0 A 5 11 791 14 45 L Bk 3 R/
A Rtk — R AR5

et R — 2 A A RE T R AR TR Y I
P A 0 ST T A - U e s A 0 B A i R
T b I T B A PT DA SRAE 8 3R 43 B A1 B
RBUAT IR AR, R AR FAR
LT 2 AHE T TR B A S S 1, D
BIT3 Zb PR R e, 5 CK ML, B1T3 8 RAR B
- R A S M R M A AR TS M LA
i 23 4R T 137.44% . 143.05% . 139.84% |
180.00% , = A5 6 a J5 K11
IR R R R P R R %) 5 7 S S B, A S UK il T
DL BC2 Ah 3L T ed B o5 o B . B4 K 36.5% 5 +
SRR PEBE IR G TE 1 LA BC3 4b B 4 9 1% 1 B 19 T 0

PR, 35 7.96 wmol « g7' - A7 SABISESE RARZE
P, ABEsE DA T @58, AR T K # +
e MRS5S T AR RS0 T T R B 2 1 i A
WFFE , LABRAIE A SCHYBIF 5% 45 38, S0 k2 4 3 1 1) A
A= W e R B DA IRC 6 il FH B 96 o8 IO 3, D2 fb 2
AT, DR B B T 2E 4 A 7 R R |

Sofy 2T R AR B AW A A i
T ERIE T PSR R AR DA B b 1 AR AR AR A
T, AR T R XA A AF
R AR R RIK B b HE 3545 3R o 1 ¥ R4
B, UL BIT3 A HACRE R, 5 CK ML,
BIT3 #R& bk ML ARIE LEFH: i 48 5050 Lk
CK $2# T 86.30% ,107.91% .162.50% 1 228.57% , %
55 Sivic 257 I FH R 2L 9 ¢ R AR B AR A B 16
ATt 25 B T AERB SR AR B AR BRI i R
PIZE AL, X0 th T AR LB 1 &3k | L
FIHFUR, A B T 76 + 58 O 47 38 2 19 K 43 Rl 55
4300 NI R A A R A BTG O

KRB —Fh A AR PR AR A T, A EAT
PR AR oS AR A AR BEAR I B /R i ELR
o SR EAR SRR PR A 0 SOD  APX |
CAT ,POD ,PPO SR AE AR ™), i 249 [t B fig 4
T R RE S S RGP Zaw S5V
MW, O AKRE Tv oL {28k T HARIF R  FK kAl
BN AER Vi RS R BOR R Tri-
choderma viride TN YCAR BRI Pseudomonas Sfluores-
cens B A AL PEXTH % ( Brassica oleracea L.) 41T it
HAESHI R A AR, ARV, A
A R RO B A 38, 40 st s 1 B R4 i
PrEALBEIEYE, DL BIT3 Ab U BefE, 5 CKI1 A
Ft,BIT3 # JKM /5 SOD . APX , CAT ,POD i 435
BB T 75.67% .97.32% .71.95% . 146.06% , X 5
Boakye %' FII KA KB Trichoderma longibrachia-
tum KR (TL6 F1 TL13) FEAK 1T 55 9 AR 8 o & 0
FEEE  HE5 SOD . POD [ CAT W35 A2 0E T 3 & 4h
AR IS R AL, X2 RS E T 51 |
1,05 908 JR TR AR % 45 148 S AR 7 A2 CAT, POD
SOD \APX . PPO SE LR 3 P il , ¥ B 1T AEL 9 1 PN 7%
Y AT R W T R 1 S AR R P X 4 i
% .

4 4 B

AW R K B T 38 o AR B TR P 1 Y i 1%
PRGN P R B SA A S M, R T A R S
B, B T TR ZE G BB IR ROR, DL BIT3 B 1x10°
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cfu « g ' RABEITH K7 +40 g - kg™ AW H+1x10°
cfu « g FURE (R B TR 79 B HACR B o 76 2%
T 30 d, BIT3 HRPR - S38 Fee i eI M DRt % 1 o
PR R T TG M | R S Y W e T A B
e CK #1551 137.44% , 143.05% . 139.84% .
180.00% ; BIT3 #5)K&H M F SOD APX .CAT .POD 7%
P CK 35 T 75.67% 97.32% \71.95% 146.06% ;
BIT3 Zb3fes NG bk i  ZEAH ARRE LU Rk i 45 5000
M CK #8275 T 86.30% .107.91% ,162.50% .228.57% ;
B ARG 2 AR P IR ROR B 3 91.21%
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