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Abstract: [Objective] To provide a theoretical basis and technical support for the field application of
Trichoderma ghanense ACCC30153, its growth-promoting and disease-resistance functions were analyzed.
[Method] The study investigated the effects of irrigating poplar seedlings with a conidial suspension of T
ghanense ACCC30153 on growth indicators, physiological indicators, and photosynthesis. The disease
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resistance function of 7. ghanense ACCC30153 was determined through pathogen confrontation tests and by
analyzing the expression patterns of disease resistance genes. [Result] (1) Irrigating with different
concentrations of 7. ghanense ACCC30153 conidial suspension promoted the growth of poplar seedlings.
Compared with the control, the average height of poplar seedlings increased by 63.99% after 60 days of
irrigation with a conidial suspension of T. ghanense ACCC30153 at a concentration of 1.5 x 107 cfu/mL.
Additionally, physiological measurements demonstrated a significant increase in chlorophyll, net
photosynthetic rate, transpiration rate, stomatal conductance and intercellular CO, concentration in leaves
compared to the control group (P < 0.05). (2) Comparison of disease resistance in poplar leaves irrigated
with or without 7. ghanense ACCC30153 conidial suspension revealed a significant improvement in disease
resistance after treatment. Enzymatic activity of defense-related enzymes, including phenylalanine ammonia-
lyase (PAL), superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD), indicated that T.
ghanense ACCC30153 enhanced disease resistance by increasing the activity of these defense enzymes in
the leaves (P < 0.05). (3)The confrontation experiment showed that 7. ghanense ACCC30153 exhibited
significant antagonistic effects on against various pathogenic fungi. Furthermore, real-time fluorescence
quantitative RT-qPCR analysis revealed that lysozymes and proteolytic enzymes secreted by 7. ghanense
ACCC30153 played critical roles in its antagonistic effects against pathogenic fungi. [Conclusion] This
study demonstrated that 7. ghanense ACCC30153 can promote the growth of poplar seedlings by increasing
chlorophyll content, enhancing photosynthetic rates, and it significantly increased the activity of defense

enzymes. Moreover, the 7. ghanense ACCC30153 can secrete lytic enzymes and proteolytic enzymes to
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participate in its antagonism against pathogenic organisms.

Key words: Trichoderma ghanense; poplar; biocontrol effect; growth promoting effect
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Primer design

FE[H %5 Gene No.

5|97 51 (5'—3") Primer sequence (5—3")

TghECh F: GCGACCTGCTCCAGAGATTGAG R: GCCCGTGTTTGTCACCTCCA
TghChi F: GGCACTTGGTACGAGCCATTCA R: CCGCTTGTAGTCCTCGCCATT
TghAsp F: AGGCGTCCAGGTCATCGTAGA R: CGGATCGAGCAGCGAGTTGTT
TghAse F: TGGACTCTGGATGTGCGTCAAC R: GCCGATCCATGTGCCTTCTTCT
TghXyn F: TTGTCACTTTCTCCGGCGTCG R: CCGTGTTCTTGGCCGTAACGA
TghNac F: CTTTGTCGGCGGCAAGGGAT R: CGATGATGGACGGCTGGTTGA
TghSep F: CCGTCGTCTACTGCCTCAACAA R: GCTCTACGATGCTGCGGTGAA
TghGlu F: CGGCATCCACAAGCGACACA R: TCATCGTCTTCGTCCTCGTCCT
TghEgl F: GAGTTCAACGCCCGCAACCA R: CGCTCCGGCATTGACCTTCTT
TghGTP F: CTTTGTCGGCGGCAAGGGAT R: CGATGATGGACGGCTGGTTGA
actin F: AAGGAGTCCGTCGTCGAGGTT R: AGTTGAGGGCGGAGCGGATA
o-tublin F: CTGGTCACGGCTGGACTACAAG R: GCATCAAGTCGTCGTCGTCGT
p-tublin F: GTTACCTGACGTGCTCCACCAT R: CGGAACATGGCGGTGAACTGT

FERITE 5 A RS 40 I ZE R RIE I T3 ACF AL HT A 2 ARG 8, B AT
ENAER SR [l . T1. Il b

) HEE A Uﬁigiﬁﬁi@%ﬂ(j&‘l %j% 2), T1. T2 %/T3 &;%

HTLLET 2 3% T 1T Y PR i 7E AL EE 30 d B4 38 K

2.1 MMMAE ACCC30153 Xt L EFHFshE EKW T 12.67%- 26.68% F1 29.36%, Kb FE 60 d I 4 )] 38
=AU KT 18.81%- 52.16% F1 63.99% (& 1b), ¥ & & =

5XTHAML, iK% 60dfE, T, T2 Al FHFRR(P <0.05), ITNZIAREE ACCC30153 HfkEH

BrockmgTipmE™
40 c
g
S 35
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#® < 25
£s g
=220 U
B g \
215 \
g \
S0 |
< N
: .
0 N

20 30 60
Hf ] Time/d

b AU AT SR A L) 0 T2k
Average plant height of poplar seedlings after
root application of trichoderma spores

CKGF i T1AL TR 1.5 x 10° cfw/mLs T2 FIRJE 1.5 x 10° cfw/mL; T3.HLFIRE 1.5 x 107 ofwmLo A [A)/NG P REL IR [ — I [ A [ 4b #2
2 Al 2 5 & 3 (P < 0.05). CK, control; T1, spore concentration of 1.5 x 10° cfu/mL; T2, spore concentration of 1.5 x 10° cfu/mL; T3, spore
concentration of 1.5 x 107 cfu/mL. Different lowercase letters indicate significant differences in same time under varied treatments (P < 0.05).
B 1 g% ACCC30153 x4 e £ 15 H
Fig. 1 Promotion function of Trichoderma ghanense ACCC30153 on growth of P. davidiana % P. bolleana seedlings
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a M AR EEIT 60 d Hid 4l AL Kotk
Growth of poplar seedlings after 60 d
of root application of trichoderma spores

®2 AELHE 60 d IFWLFHHRENERRKSR
Tab.2 Growth of P. davidiana x P. bolleana seedlings under different treatments after 60 days

K8 b5 Growth indicators CK T1 T2 T3
254 Stem diameter/cm 0.21+0.004° 0.26+0.011° 0.38 +0.005" 0.55+0.010°
#24 Root length/cm 2.26+0.261° 2.29+0.142° 5.26+0.166° 6.11+0.211°
5 %4 Leaf number 13.6 + 0.050° 152+0.115° 22.6+0.168" 23.8 +0.008"
£ i & Fresh mass/g 6.05 +0.035° 6.79 +0.122° 9.28 +0.135" 11.55 £ 0.256°
)i & Dry mass/g 1.03 £0.056° 2.34 +0.045° 4.54 +0.246° 5.08 £ 0.002°

VE: FATARVNEG F R RA F AT [F— A K bR 1 22 57 235 (P < 0.05) . Note: different lowercase letters in the same line indicate significant
differences in same growth index under varied treatments (P < 0.05).
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H A I SRS R
23 MMAAKE ACCC30153 XFILEFIF4 &S 1ER
0B

AN[E AR BRI LB A R AR T I iR A IR A (P
() H A8 4k B AR AT, 08:00—16:00 £ 25T & 5

B R g i 2R (B 2). X IR ZH RN T1 AbHE4H A
09:00 f§ N B&J LTk, M T2 A0 T3 AbFEA —EH 2 b
FH#a% . CK. T1~T3 7 12:00 15 B WA, 43 51N
3.39. 4.91. 6.09 A1 8.74 ymol/(m*'s), Z JGFEA LK
Feiadh . g5 LR, 9IRS ACCC30153 nl A 2
LB AR T H AR

DA LLET A 7 6 e i o Gl 2R (PO I H AR A
U RS, 23 B3 10:00 AT 12:00 5 A di 7Y B (7]
L X I R RO AR AR DCFE PR EAT I 5E , 43
FrAF AL BT, (LB b B AR e & 4E it 2
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T 4L (P < 0.05), H 4 12:00 B & F -4
10:00. G, {AfEALBE 5 3 & TR A (P <0.05), H.
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SRS T oF it i EEA G H . HH, Tl
A T2 AhBR)S, E {HAE L 10:00 &5 TXIRHP <

®3 AELVETLHFGHRFMHER S

Tab.3 Contents of chlorophyll a in leaves of P. davidiana % P. bolleana under different treatments ng/g
A
T 0h 1h 3h 6h 12h 1d 5d 10d 15d
reatment
CK 0.84° 1.07° 2.72° 2.11° 3.53° 3.61° 3.65° 3.68" 3.39°
T1 0.94° 2.81° 2.55° 3.82% 3.42° 4.16® 435° 5.46° 6.31°
T2 0.97* 2.85° 3.78% 5.83° 5.29° 7.11° 7.67° 6.02° 7.72°
T3 0.94° 5.98° 4.71° 4.16™ 4.53% 5.95® 5.68® 5.80° 6.74"

VE: FAIAFE/NG FRERRAF A 2 822 7 8% (P <0.05). T, Notes: different lowercase letters in the same column indicate significant

differences under varied treatments (P < 0.05). The same below.

#4 FELETLHFGHAHEEL 48

Tab.4 Contents of chlorophyll b in leaves of P. davidiana x P. bolleana under different treatments pg/g
Ab T
T Oh lh 3h 6h 12h 1d 5d 10d 15d
reatment
CK 0.81° 0.24° 1.85 1.88° 2.08° 2.08° 3.68° 2.07° 3.33°
T1 0.77* 4.93° 4.63" 4.95° 4.93* 4.90° 4.94* 5.46™ 5.32°
T2 0.91* 3.73° 2.65 4.23* 4.48° 5.04° 5.71° 6.66 6.16"
T3 1.21* 3.67" 3.92® 4.40° 4.99* 4.82° 5.36" 6.21° 6.15°
x5 AEKBTLUHFGHFHERESE
Tab.5 Total contents of chlorophyll in leaves of P. davidiana % P. bolleana under different treatments pg/g
7
Tkﬁ Oh lh 3h 6h 12h 1d 5d 10d 15d
reatment
CK 1.64° 1.30° 4.57° 3.99° 5.62° 5.69° 7.33° 5.75° 6.72°
T1 1.71° 7.74° 7.18" 8.77* 8.35% 9.06™ 9.28% 10.93* 11.63*
T2 1.87° 6.57 6.43% 10.07* 9.78% 12.15% 13.38% 12.68" 13.88"

T3 2.14° 9.65° 8.64° 8.56™

9.51° 10.76™ 11.04® 12.01° 12.90°
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