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Identification of Trichoderma Strain M2 and Related Growth Promoting Effects on Brassica chinensis L.

XING Fang-fang, GAO Ming-fu, HU Zhao-ping, FAN Ling-chao”

(Kingenta Ecological Engineering Group Co., Ltd., State Key Laboratory of Nutrition Resources Integrated Utilization, Linyi 276700, China )
Abstract: The research took Trichoderma strain as tested strains which isolated from the rhizosphere of healthy and high yield pepper, M2
was classified and identified by combining morphological classification with molecular identification means (rDNA-ITS sequence analysis ),
whose effect on growth of Brassica chinensis L. was explored, in order to provide superior strains for bio-fertilizer development. After solid
fermentation of Trichoderma M2, under the condition of the greenhouse, took some research on the growth promoting effect on Brassica chi-
nensis L. of Trichoderma M2. The results showed that the strain M2 was identified as Trichoderma harzianum strain. M2 had obvious effects
on promoting growth, the SPAD and edible leaf number of Brassica chinensis L. Adding of 5.0x10° cfu M2 had the best effect on increasing
the biological yield. Compared with CK, fresh weight and dry weight was increased by 30.26% and 20.08% respectively. Followed by inocula-
tion of 5.0x108 cfu M2, fresh weight and dry weight was increased by 18.33% and 12.46% respectively. Therefore, M2 showed evident
promoting effect on Brassica chinensis L., and had potential application value.

Keywords : Trichoderma harzianum; classification and identification; Brassica chinensis L.; growth promoting effect
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FEPE R T Hafik Fose 22 SRR as )i, Ak,
AR FE LA S I 2 (0 11 — A 0 40 1 fg B 3 AR
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PDA HiFrtk. thit 5 200 g, #4HE 20 9, il 18 g,
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751K 1000 mL, H 4R pH; B85 37 4k £k 2 20.0 g,
Hi7 05 10 g, ZE1%7K 1 000 mL,pH H 4K, 121 CKH
20 min, [ {4 A& 5 52 0 RS FERY 30% . £ KKy 30% .
Bk Rz 40% , W IE B 1.5:1 0 A 0.5% KH,PO,.
0.25% MgSO, MR AW, PiFEIN 51,121 “CK I 20
min,

1.1.3 K& M2 A5 ME

PR — A RHA R TE M2 18182 A F] PDA
REFRIEA b, BT 31 ClEER M # 5d, Mgk
PR R0 T TE AR AE
1.1.4 REW M2 A%

FERHE i M2 f 78 ARl 75 56 Fh 71
FEHBEHE N 60 mL+-250 mL, BT 31 CHEEEY
KRR, 200 remin™ S5 R iEEHESR 24h e, B0
AR TR 22, FF KRB AR T 2 oK R R &2
TR HRIFER AR R A AT S, ) P B S A
2 DNA iR & ( ik 1), 225 SCRk (10179 )y i
PEPOREZ T M2 FERIZIF 7 1TS P43 . 1%k
WHEE I HL VKA, PCR 7™y [l WS B ey A T4
Y TR A A PR B 5E A

PR M2 TERER) 1TS J7 4158 GenBank, fifi ]
BLAST F2 /540 2 J¥ 41 5 NCBI %5415 2 Hh AH 56 T Ak
B 1TS JEAEA T HEXE, SR8 5 18 F MEGAA.0 i {444 4
RERKEW
1.1.5 AREE M2 [k B ARl &

PRHL M2 #7452 AFh 735 35 Kb, B 1 15 5 s
JfE>A 60 mL-250 mL™*, & F 31 Cla IR G A T,
200 r-min? 2500 R iR ks 20~24 h J5 , #ie 10%43Ff
A M2 Bl AR A R RS 95 3 0 = AU
W, A R IR RIS o 10 g- 250 mL™, 32 i
BERFE 4 dY, YR 1) M2 [E R E YT 50 CHt
T 2K 10% A4, Bt e RIAS AR EE M2 fdF 85
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R T 2016 4£ 2 1 7 H—3 J1 19 HAEA IE KR
A TR A A FRA 7 02 RE B B IR = P kT 7o
1.2.2 5kt

328 /1N 1132 (Brassica chinensis L. ), fi Fl b #i
605, A HuFf 72k W1, Jy A kb & FH R AR
S E KA S TR A A PR R AR 7™ B IR AP
FE A NE(15-6-20) , AR T M2 b [ 44 & 1o
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Table 1 The basic property of experimental soil

iH 2R /g-kg F LG kg™

% &/mg - kg™

/Mg - kg™ A /mg kg™ pH &

o 1.01 12.3

64.2 98.00 6.5

1.2.3 R BET

SEB R R A AT, R R A
2 kg, IMAFR AP ERAE BRI RS RS EAE N 23
cm.fm 13 em ELRLE R AT, ik 4 MAEER (R
2), IR KRR 3L 42 A I8 (15-6-20 ) /5 R AR, 25 1
ZH 0 A it JFH 7 700 0 B (CK) , Ab B A 948 1 AS ) T
FTRIFR , BN BA 7R 244 BE Znk S K B A A T
AR ANERE . S A R R
FENE— Rt A L, FLA A B 1 R IR Al 5.0x
107 cfu(T1,0.005 g-kg™ 43 ), kb Bf 2 FR AR 1T
5.0x10°% cfu(T2,0.05 g-kg™ +-38) , Ab B 3 S ARE 7
¥ 5.0x10° cfu(T3,0.5 g- kg™ 1438 ), 45 4% Fh 10 £k
RN SRR S TR AR R - B DI IR D
K, ERHEGE—S. 2016 4E 2 J]1 20 H/hAIsEKH 2
R IAI B E A, B 2 AR, T 3 7 19 H Uikt
W e B 2R R A R g BT R AR T

*®2 fRAKLE
Table 2 The pot treatments

Ab 7 S IE

CK AN 1.33 g- 757+0 cfu fiF

TL 400133 g- 7 +M2 #1 T8 0.01 g-474(5.0x107 cfu 787
T2 EAHE1.33 g- A M2 JFH 0.1 g- 457%(5.0x10° cfu FF)
T3 HAAE1.33 g-7 M2 FIFH 1 - 257(5.0x10° cfu 1 F°)

1.2.4 T3Sk

I PLTS E NPK it pH {55 A H
A e w B A BT, Hodh R LS R
FRIR RS vk - AN s pH (ER FH 5.0:1.0 K L I,
PRI 5 925 5 4 2R it P Bt I ER 72 A SRR A
P EO R SCI A 5 AR e R SN IR 5 AL
B ER A BT

oG Sl i R ik e - O] IS S R B
SPAD {H il 52 5% Fl SPAD-502 Plus 78 -2 22 {317 5
T A
1.2.5 ¥ ot

R i R EXCEL #4740 3, | F SPSS 16.0
AR TR G T M 28 5 B o bT o

2 HRE5SH

2.1 M2 EERRIFESIER

M2 75 76 PDA 355508 FAEK RAF, WIEEUE,
RER AN I 5 38 A A R LS T 22 AT
A WK, ToorhE , W22 1 B0 3, fil 1 2 0 RDE
SR (B 1),

\ v .’J,.‘ % : )
B 1 E¥k M2 7£ PDA 55 B FNEE (£ RAF(HES
Figurel The characteristics of strain M2 in PDA medium(left)

and spores(right)

22 FH M2 NRERE S

AR%E M2 1 1TS BER e84 3 Je v B i hy 565
bp,PCR ¥ 14 i Be i ik &5 SR an &l 2 it . #4471 7
B 7E K% B K B8 2 http://rdp.cme.msu.edu/index.jsp

/ 1000 bp

\ 50 0p

A5k Marker, 22> M2 ITS 3738 - B
The right lane is Marker, the left lane is ITS amplified fragment of M2

& 2 HE#k M2 ITS 31 PCR ¥ 1845 3
Figure 2 The ITS sequence of PCR amplification results of M2
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AT, LEXES SR AT LUE KRR R M2 5
¥ K% Trichoderma harzianum strain 120, Trichoderma
harzianum strain CEN779 . Trichoderma harzianum strain
CEN261 {7 S AR FE Y REIA B 99% , 25 A T HRIE A&
FOR SR e M2 G RS, KRB R F R
LA 3,
3 BRARE M2 /hBFH R HEZRENHIT

5 CKAHIE , TL /NFI St 4 5 5 s B AR
0.65%,T2 M4g & S im i m 2.75% , T3 Mhag = &
= 4.76%([& 4),T2 5 T3 b B4 & 1/ h st
SRR SE, 25 AR E, TL 5 CK AL 2%
TR 2R, MRS CK X, T1 5 CK MHlH], T2
5 T3 AbHUGHE R 1 /NS g, Horh T2 % CKoit
BN 11.76%, T3 %5 CK I - 44 /in13.29% , 2% 5
IR F K, BB A2 5 8 S R NE AR 0 it
FHRS AT M2 F-F R XS 2R 7 B8 B 4 v
YEFT, RERE 2 2 8 el & FH v o8
24 IERARE M2 3/NAREE. TENZIN

3 A, 52 A (CK) A I, T1.T2.T3
AEFRIHR T RN SR B AT, S M2 T
TR0 A1 A BB i B G i 0.46~11.53 g, BLBK T
14 10.01~0.61 g, Hirr T1 4%} B8 (CK) B bk fif 7 42
1 1.22%, FARk T EE 2 15 0.16%, T2 45 CK Fpfkfif Hi 4
1118.33% , Fbk T E 2 R 12.46%, Hirh T3 37 45,
BECK FLpRfif 2 Ry 30.26% , FLbk T2 1 20.08%.,
i, B AE it o P A ) At it FH s ok R 2 M2 -

112.00
| % 110,00
{8.00

16.00

- A

4.00

42.00

EE g
T3

phEL
ARG FREFOR ] — e br it P<0.05 /K22 5 .3
Different small letters in the same index mean significant
difference at 0.05 level

4 IRARE M2 3B R E HEESENFMN
Figure 4 The effect of Trichoderma M2 on chlorophyll content and
leaf number of Brassica chinensis

R INELREINNEOFKBKEE FTEMIRM
Table 3 Effect of different treatments on fresh weight and dry
weight of Brassica chinensis L.

Qb3 fif i /g He CK 38711/% THElg b CK /%
CK  38.12+2.01Cc 0.00 3.05+0.11Cc 0.00
T1  3858:0.51Cc 1.22 3.06+0.05Cc 0.16
T2  45.1+0.72Bb 18.33 3.43+0.12Bb 12.46

T3 49.65+0.43Aa 30.26

1 [P E/ING PR /RTE P<0.05 K22 57 8 3 AR KE 5
BEFRORTE P<0.01 /K F-22 Sl B35 .
Notes: The same column marked with different lowercase letters mean

3.66+0.1Aa 20.08

significant difference at P<0.05 level and different capital letters mean sig—
nificant difference at P<0.01 level.

L

3 AREHE M2 gL
Figure 3 The evolutionary tree of Trichoderma M2
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I R A AR S 2 S AR bR . MR
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KRBT G Aot ek £ S m I B AR S, X 5 AR
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K AR A AR A AR AR FH AR Dy TIAEAE—
2251

4 Hig

5T Y R B A TR AW SR 1) T i
M2 TR IS AR BT o T/ NS Ak, B4 )
7RI M2 317~ 5.0x107 cfu(T1) ,5.0x108 cfu(T2) .5.0x
10° cfu(T3) A7 5 i, 45 L W, T1 T2 . T3 Xf /13
AR BES] THESEER, o T2 %5 CK ff 15
18.33% , T H 4% 5 12.46% ;T3 # CK fif & 4% &
30.26% , T 4% 7 20.08% , 2= T &, ik i B MG 2K
KA M2 X /NS A KR 3 B e . 7EA
SEge T2 T3 X4 R L M B4 S i — e 1
ERE )| P=37 7 NG R

H AT, A Py v e A Re e i 2 2SN AR
By, pr DLS 22585 v, TR AE AN ] - SRR TS
e £ HEA T 2RI VEYD () FH R0 FH S0, X i koK 85
M2 {2 AR RCR AR BRI TR T FNERE , S T &
Tiitig BT E AR R P B 00 i B4 it

S

(1] & A, SRR, SRALFS, 55, AR A: By o R S 40 B A e A= 4 T K
SRR BB A BOR 1], R R, 2013, 41(11):4820-4821.
TAI Lian-mei,GUO Yong-xia, ZHANG Ya-ling, et al. The promoting
effects and control of root rot on soybean by Trichoderma biocontrol
strains[J]. Journal of Anhui Agri Sci, 2013, 41(11):4820-4821. (in
Chinese)

[2] Ahmed S A, Perez S C, Emilia C M. Evaluation of induction of systemic
resistance in pepper plants ( capsicum annuum ) to phytophtora cap -
sici using Trichoderma harzinum and its relation with capsidiol accumu-
lation[J]. European Journal of Plant Pathology, 2000,106:817-824.

[3] Contreras-Cornejo H A, Macias-Rodriguez L, Cortes-Penagos C, et al.
Trichoderma virens, a plant beneficial fungus, enhances biomass pro—
duction and promotes lateral root growth through an auxin -dependent
mechanism in Arabidopsis[J]. Plant Physiology, 2009,149 (3): 1579 -
1592.

[4] Chacbin M R, Rodriguez -Galan O, Benitez T, et al. Microscopic and
transcriptome analyses of early colonization of tomato roots by Tricho-
derma harzianum[J]. International Microbiology, 2007,10(1): 19-27.

BI bR 8, E 57, Dk 5 AEBE AR LR X S R A A VR A

http://www.aed.org.cn



TI757, 55 AR RE B M2 15 S O/ SR LR ORI

2017&E 1 B

[, A S B 224, 2014, 31(3):265-272.

CHEN Yuan, WANG Li, MA Fang, et al. Role of Arbuscular Mycorrhizal
fungi on IRIS[J]. Journal of Agricultural Resources and Envionment,
2014, 31(3): 265-272. (in Chinese )

[6] Jeerapong C, Phupong W, Bangrak P, et al. Trichoharzianol, a new anti—
fungal from Trichoderma harzianum FO31[J]. Journal of Agricultural and
Food Chemistry, 2015,63(14 ): 3704-3708.

[7] BRI RS, X dh, Bl R 5. - S IR 70t P X it - 33 = 0

i SRS S SRR A SE ). iR AF R, 2016, 32(1): 90-
94.
LU Li-min, ZHAO lJing, YANG Ye-feng, et al. Efects of soil condition-
ers on the soil microbial biomass and enzyme activities and the growth of
green vegetables in greenhouse[J]. Acta Agriculturae Shanghai, 2016,
32(1):90-94. (in Chinese)

[8] LR, JEIMEZR, RIEHE, 5. MR KEE LTR-2 Xk S FhF 4
TS P RS B AR FIBLRI ). 1 4<%, 2015,28(5):17-34.
ZHAO Zhong -juan, HU Jin-dong, WU Xiao -qging, et al. Impact and
mechanism of Trichoderma harzianum strain LTR-2 on salt tolerance of
vegetable seeds and seedlings[J]. Shandong Science, 2015, 28(5):17 -
34. (in Chinese)

[0 BLLAG, A ZE, (i 5 K. My ROREXS =FEY R 78] & KA KRy
ML), Al B4, 2014, 39(5):5-7.

MU Hong-mei, YANG Zhong-jun, HE Bao-yu. Impact of Trichoderma
solution on seed germination and growth of three crops[J]. Journal of
Jilin Agricultural Sciences, 2014, 39(5):5-7. (in Chinese)

[10] ®7k %, B2 3F, WVIEINE, S, RIS ITSL RN ITSA S5 199 &4

Hili 22 9 TR A R 1 B 3 LA B/ 9] A FE 9 23, 2010, 31
(7):1098-1102.
CAO Yong-jun, CHEN Ping, YU Guo-hui, et al. Utility of universal
primers, ITS1 and 1TS4, to amplify sequences for race identification of
Fusarium oxysporumf. sp. cubense[J]. Chinese Journal of Tropical Crops,
2010, 31(7):1098-1102. (in Chinese)

[11] #h 2, BREEL, SRMSIE. 13 A Bk B R KA P S RE R R 25

HIFHIBFFE]. vh AR 2438 37, 2010,26(6):236-239.
SUN Fei, CHEN Kao -shan, ZHANG Peng -ying. The study of solid
state fermentation of Trichoderma pseudokoningii spores with wheat
bran and corncob[J]. Chinese Agricultural Science Bulletin, 2010, 26
(6):236-239. (in Chinese)

[12] -t B g b4 HTM]. bt g Eg0ll i ekt 2000: 432-445.
BAO Shi-dan. Analysis of soil and agrochemicals[M]. Beijing: China
Agriculture Press, 2000:432- 445. (in Chinese)

[13] Vinale F, Sivasithamparam K, Ghisalberti E L, et al. A novel role for
Trichoderma secondary metabolites in the interactions with plants[J].

http://www.aed.org.cn

Physiological and Molecular Plant Pathology, 2008, 72: 80-86.

[14] Valerie G, Hani A, Russell J, et al. Growth stimulation and fruit yield
improvement of greenhouse tomato plants by inoculation with Pseu—
dornonas putida or Trichoderma atroviride :possible role of indole
acetic acid (1AA)[J]. Soil Biology and Biochemistry, 2007, 39:1968 -
1977.

[15] Ezzi M 1, Lynch J M. Cyanide catabolizing enzymes in Trichoderma
spp.[J]. Enzyme and Microbial Technology, 2002, 31: 1042-1047.

[16] Adams P, De-Leij F A A M, Lynch J M. Trichoderma harzianum Rifai
1295-22 mediates growth promotion of crack willow ( Salix fragilis )
samplings in both clean and metal contaminated soil[J]. Microbial
Ecology, 2007, 54: 306-313.

[17] Altomare C, Norvell W A, Bjorkman T, et al. Solubilization of phos—
phates and micronutrients by the plant-growth-promoting and biocon-
trol fungus Trichoderma harzianum Rifai 1295-22[J]. Applied Envi-
ronmental Microbiology, 1999, 65(7): 2926-2933.

(18] K. WA IRACTE D4t o 2 47 A AR T i 0], e SR
4, 2015(5): 11-12.

WANG Hui. The experiment research on improving grape hardwood
cuttings rooting of Trichoderma[J]. Shanxi Fruits, 2015(5):11-12.
(in Chinese)

[19] A, FEILAR, XUB G, 55, WA SRAEE T-h-30 X JLRPEE SR A A
YR B 5 B iR WIER D). PE R4z, 2008, 21(6):1603-1607.
YANG Chun-lin, XI Ya-dong, LIU Bo-wei, et al. Primary study on
growth -promoting and biological control effects of Thrichoderma -
hazianum T-h-32 on vegetables[J]. Southwest China Journal of Agri—
cultural Sciences, 2008, 21(6):1603-1607.(in Chinese)

[20] ¥ Byl MY RAKE TC XBRBURE A ORISR 3], RO R,
2013, 41(21): 8941-8943.

HU Qiong. Study on promotion effects of Trichoderma TC on pepper
(Capsicum annuum Linn.) growth[J]. Journal of Anhui Agri Sci, 2013,
41(21):8941-8943.(in Chinese)

[21] Hp2ét, B2 &, XEAR, S5 AR E XS AR M Ae A R R

M) SRR, 2016,44(1):132-136.
YANG Xing-tang, LU Man-man, LIU Zhi-hua, et al. Effects of Tricho—
derma asperellum on leaf photosynthetic characteristics and yield of
Artemisia annua[J]. Guizhou Agricultural Sciences, 2016, 44(1):132-
136. (in Chinese)

[22] Bl 71, AR, M5, 5. W OREEXT T gl it (e BV LAY
WIERFFED]. PadbAl 24, 2007, 16(6): 192-194.

LU Ning-hai, WU Li-min, TIAN Xue-liang, et al. The effect of Tri—
choderma harzianum on tomato seedling growth[J]. Acta Agriculturae
Boreali-occidentalis Sinica, 2007,16(6):192-194. (in Chinese)



