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Identification of Two Endophytic Trichoderma Strains in Malania
oleifera and Their Growth Promoting Effects on Seedlings

WANG Junwei', LEI Xiaoling', CHEN Wandong’, PAN Yue®, WANG Juan™

(1. School of Geography and Ecotourism, Southwest Forestry University, Kunming 650224, China; 2.
College of Forestry, Southwest Forestry University, Kunming 650224, China; 3. Eco—development Academy,
Southwest Forestry University , Kunming 650224, China )

Abstract: [ Objective | Two endophytic Trichoderma strains from Malania oleifera were identified and their
effects on the growth and development of seedlings and the level of resistance were explored , thus providing refer-
ence for the utilization of microbial resources in M. oleifera and the cultivation of high—quality seedlings.[ Meth-
od | Two endophytic Trichoderma strains were identified as T. gamsii and T. koningiopsis by the molecular sys-
tematics and morphological methods, and their producing TAA and potassium resolving abilities were detected
qualitatively and quantitatively. After 6 months inoculating with the tested strains, the growth characteristics,
biomass, chlorophyll content, and antioxidant enzyme activities of M. oleifera seedlings were measured, and the
correlation analysis was conducted on the measured indexes. [ Result ] Through the phylogenetic tree analysis of
ITS, TEF and RPB2, and observation of colony and micromorphology, two endophytic Trichoderma strains were
identified as T. gamsii and T. koningiopsis.The two strains both have the ability to produce IAA and resolve po-
tassium.The production of IAA was stronger in 7. gamsii, which was 89.46 pg/mL, and the ability to dissolve po-
tassium of T. koningiopsis were stronger, which was 29.26 pwg/mlL.The plant height, leaf increment, stem diame-
ter and main root length of the treatment inoculated with 7. gamsii were 162.16%, 140.74%, 44.83% and
37.06% higher than those of the control , and there was significant differences in growth traits compared from the
treatment inoculated with 7. koningiopsis and the control.The stem diameter of the treatment inoculated with T.
koningiopsis increased by 16.09% , there was significant differences from that of the control.The number of haus-
toria in the root of the treatment inoculated with 7. gamsii was the largest, which was 35.6, followed by the treat-
ment inoculated with 7. koningiopsis, and there were significant differences from the control.The maximum di-
ameter of root haustorium of M. oleifera seedling was 1.58 cm in the control,, which was significantly higher than
that in the inoculation treatments.Furthermore, there were significant differences in the fresh mass and dry mass
between aboveground, underground and the whole plant between the treatment inoculated with 7. gamsii and
the control.There was significant differences in the fresh mass of the whole plant between the treatment inoculat-
ed with 7. koningiopsts and the control.Meanwhile, the chlorophyll content of the seedlings in this treatment in-
oculated with T. gamsii was the highest, which was 3.37 mg/g, followed by that of the treatment inoculated with
T. koningiopsis , They were 21.66 % and 7.58 % higher than the control, respectively, and both were significant-
ly different from the control. The peroxidase (POD) activities and superoxide dismutase (SOD) activities in the
leaves of the treatment inoculated with 7. gamsii were the highest, which were 40.85% and 28.19% higher than
those of the control, POD activity of the treatment inoculated with 7. koningiopsis was 26.03% higher than that
of the control, there were significant differences with the control.In addition, the colonization rate of T. gamsii in
the root system of seedlings was 58.87% and the colonization rate of T. koningiopsis was 52.16%.The correlation
analysis showed that the stem diameter, the number of haustorium, the fresh weight of the whole plant, the chlo-
rophyll content and the PDA activity of leaves were significantly or extremely significantly negatively correlated
with the maximum diameter of haustorium, and also significantly or extremely significantly positively correlated
with other indicators. [ Conclusion | 7. gamsii and T. koningiopsis had positive effects on the seedings growth,

and the increase of biomass, chlorophyll content and antioxidant enzyme activities of M. oleifera seedling.Since
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T. gamsii had a more significant growth promoting effect, it was an ideal growth promoting fungus for M. oleifera
seedings.

Keywords : Malania oleifera ; endophytic Trichoderma ;species identification ; growth promoting effect
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T. dingleyae GJS 02-50

T. taiwanense GJS 95-93
T. dorotheae GJS 99-202

T. caribbaeum GJS 98-43

T. petersenii GJS 04-164

T. intricatum GJS 97-88

T. ovalisporum DIS 70A

T. koningiopsis CEN 1386
SF231

T. koningiopsis CEN 1407
T. koningiopsis CEN 1406
10095 100%8L T koningiopsis CEN 1405
T. koningii CBS 979.70

W T. atroviride GJS 02-134
T. viride GJS 90-97

SF151
T. gamsii GJS 04-09

T. neokoningii GJS 04-216

T. viridescens CBS 433.34

T. paraviridescens CBS 119321
T. viride CBS 119325

T. erinaceum CEN 1420

1.00/-

1.00/97|

0.008

SCHFBETESY SCHYT AGRRTE , DU 5 B A <0.75 Fl R R AR 6 B B (1< 75 HI-ARiR BUA TSR AW h 72 A i 51
Support values were indicated at nodes, Bayesian posterior probabilities and
Maximum Likelihood bootstrap <75 were recorded by —,bold type indicated sequences generated from this study.
Bl 1 3T ITS TEF FI RPB2 A 1 DU 39T 32 5 % A
Fig.1 Bayesian consensus tree generated from the DNA sequences of ITS, TEF and RPB2

a~c 15-1: AR 3FIRT IR 1 I RTETEAS (25 °C) (a:PDA,7 d;b:SNA,7 d;¢:CMD 7 d) ,d: A8 SR RUIAE ; e 43 E A0 F s £~h
23— 1: BRIFRAE 3FRTIRIE L ARITEIEAS (25 “C) (£:PDA,7 d;¢:SNA,7 dsh:CMD 7 d) iz T4 SMSRDHRE 5 j: /0 AL F R0 5 e
a—c 15-1:Colony morphology of the strain on three media(25 °‘C)(aon PDA,7d;bonSNA,7d;con CMD,7d),d:Conidio-
phores , branches and phialides e : Conidia ;f—h 23—1: Colony morphology of the strain on three media (25 “C)(f on PDA,7 d;g on
SNA,7 d;hon CMD,7 d) ,1:Conidiophores, branches and phialides j: Conidia;Scale bars:5 pm.
B2 PIRER KR A R B TE AN R85 57 2 1 R B8 7 0 A 0 I ORI

Fig.2  Colony morphology and microscopic characteristics of two endophytic Trichoderma spp. on different media
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22 FRFRARAERBNRETIRE
221 FRKRNAERESG T IAARS  WR IR, TAAFRMES 5 Salkowski L EIRTR G 5 .6 S TR
21, FETAA TGN 1000 mg/LL, T. gamsii & BER -5 Salkowski HL (O TRIR A 5 s MEL {6, TP 0 89.46 we/mL,
T. koningiopsis A TV B9 38 €20 S5 N B 887 L TG M 6.69 we/mL, 45 5L B, AR 1R 2 ELA TAA 435 BE
HA T, gamsii 1977 TAA BE J1 50
®1 WHERFELARANERBNTIAARE
Tab.1 TAA producing ability of two endophytic Trichoderma strains from M. oleifera
E i H CK(TCHIZK)

CK(IAA) T. gamsii T. koningiopsts
Measurement items g stop CK(Sterile water)

SETER @

Qualitative color rendering

FE I E /(g - mL™)
Quantitative determination IAA

Bi 2R h B E hR R

The data were expressed as mean=SE.
222 FRkRAAEKREGMATEE S T. gamsii F T. koningiopsis AP T 8 55 27 58 5 H B/ NAS TR A9 35
BH R, Horh 328 T, koningiopsis {935 B BBl ELA% 0 36.22 mm, 53 T, gamsii ( ELAE 25.91 mm) 1935 B &K .
2 TR, T. koningiopsis T T. gamsit W fREFIEYE 73 5124 29.26 mg/L A 11.55 mg/L(3R2) , i 3R W K
T Y EHA fRARTE T, B T. koningiopsis BTG TR & o

F2 FHRRLIRNERERREHEE

Tab.2 Potassium dissolving ability of two endophytic Trichoderma strains from M. oleifera

1 000 89.46+0.095 6.69+0.036 0

I ZETT H Measurement items CK T. gamsii T. koningiopsts

EMME Qualitative determination

ZEWIE EHAS/mm Diameter of transparent ring - 25.91+0.42 36.22+0.13
ERME/(mg-L™") Quantitative determination - 11.55+0.10 29.26+0.81
BRI I bR R
The data were expressed as mean=SE.
23 WHRBRERNEAREN Y ENREERAAR
231 BAPAGF AR AAREA LW AR IRGHw K 3 PR, M T gamsii 64~ H 55k B4
TR RR B 0 R R R EAR K 0 9.7 em L 6.50 AL 1.26 ¢m il 16.20 cm, FE X} BRIE T
162.16% . 140.74% . 44.83% F1 37.06% , H. 5 4% F T. koningiopsis 1) 4b AN X} B8 22 57 & 2 (P<0.05) . £
T. koningiopsis 15 b PR {0 21 i ZE R 500 BRI N 16.09% , H. 5 % B8 22 7 8 35 (P<0.05) o 45 SR B F 0
PRINAE KRB e dE5r S R A AR K, Hrh T gamsin BOAR AR SCR R ik 2%
232 BHGFRIRAERENEODGREHR T RRRAEAZG Y q ME4AFUR, B/ T. gamsii 40
PR 757 Sk R4l AR A W A A i B 22, O 35.60 1, S LR T, koningiopsis 1Y) &b B 2H 06 BE S S i 3 (P<
0.05) ; 427 T. koningiopsis B 755 Sk F 41 i AR BRI 4 B Ry 25.70 4>, 55 %0 Bt 22 5 35 (P<0.05) o T %) AR 2H
[ Sk A4 B AR IR 48 fe R ELAR A 1.58em, i 38 /55 THEFN T. gamsii M1 T. koningiopsis [ 40 FE4 (P<0.05) ,
TP 2 422 T A L) AR I 85 e R LR U G W 3 2 S (P>0.05) .
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Different lowercase letters indicate significant differences between different treatments ( P<0.05).
K3 JER I bss Sk R N AR AR R A gl i R i i (A ) (i (B ) 2B (COMERK (D)
Fig.3 Height increment( A ), leaf increment( B ), stem diameter( C )and main root length( D )of

M. oleifera seedlings inoculated with two strains of endophytic Trichoderma

A 30r B
wr A 5 a
k51 = 1L
35+ g 2.5
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=g T X E10f
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505t
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. 0.0 .
T. gamsii  T. koningiopsis CK T. gamsii  T. koningiopsis CK

AbEE Treatment
F KW 2% FL 4% Maximum haustorium diameter

AbFE Treatment
W 4% % Haustoria number

ANTF)/ING TR RN R A B TR 22 57 B 3 (P<0.05) .
Different lowercase letters indicate significant differences between different treatments (P<0.05).
P4 SR Mons Sk SR PN AR AR O 405 B AR TR e A B K LA
Fig.4 The number of haustoria and the maximum haustorium diameter in the root of M. oleifera

seedlings inoculated with two strains of endophytic Trichoderma

233 BARKARAEREN LY G AL T H o WER IR, LR T, gamsii P HUT A4 bk &f
LA M b MR A bR T A0 0 8 R R B  59.71% . 33.06% . 364.76% . 59.47% . 33.04% F1 41.07% ,
Hirp i e pkEE T UL b 5 53R T, koningiopsis B9 AL B2 AN B 22 573 1 35 (P<0.05) , Hb T #E TR |
R TR E S X IR 25 5 (P<0.05) o FEF T koningiopsis B b BH 4> Bk 0 &t 35 = T %t
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M (P<0.05) . S5 R PIRE N A AR E— e B AR U Sk R A i AR i 3 &1, P T gamsid
(B2 E AR By b 2

RI EMARFEIRAEARENFLIRYBHEYENZ N

Tab.3 Effect of inoculating two strains of endophytic Trichoderma on the biomass of M. oleifera eedlings

Mo b fif Mo BT EX/S Mo S:L N R T

Qb3
The ground Underground Whole plant The ground Underground Whole plant
Treatment
fresh weight fresh weight fresh weight dry weight dry weight dry weight
T. gamsii 12.01x1.61" 22.94+1.33" 34.95+2.68" 4.80+0.64° 9.18+0.53" 13.98+1.07"
T. koningiopsis 8.73+0.52" 20.60+1.46™ 29.33+1.78" 3.49+0.21" 8.24+0.58" 11.73£0.71"
CK 7.52+0.50" 17.24+1.58" 7.52+0.50° 3.01+0.20" 6.90+0.63" 9.91+0.81"

RS R (bR DR , AN/ 7 BEASRAS [ 3 i i B 1] 14 22 7 $8 257 (P<0.05)

Data are expressed as meantstandard error, and different lowercase letters represent the significance of differences among dif-

ferent substrate treatments(P<0.05).

234 BAGFERAERESES G R T A SO TR BT gamsii Nk RAB T RE S ER

5, 3.37 mg/g, Hi R 23Rl T. koningiopsis i 351 a
AR, 4y B R ) 21.66% F1T.58% 5ol b
(FE15) , HLB 5 %0 A 22 5 5 3 (P<0.05) . it 28,5 :
RO BAPRGE R AT e et S8 )
GEGRINTIE. -
5t

235 HAFARANAEKRES LG RN X ffgg
JARa Yol M 6 IR R T gamsii 9% £ O 0|

H POD I SOD 3 11 4% 75, 43 % 50 ek 1A 5 ¢y 03
40.85% F128.19% , H: 11 POD & 1 5470 T kon- 00 gamsii T koningiopsis K
ingiopsis [ A0 FHUFN X} HE 22 7 1 2% (P<0.05) , SOD 4 Treatment
T M5 6 B 2% S5 55 (P<0.05) o 428 T. konin- ARIFI/ING P s N [ b BRI 24 57 8 3 (P<0.05)

giopsis By b B POD 1% M %5 % R 2 1 26.03% Different lowercase letters indicate significant differences
between different treatments (P<0.05).
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PO P A R e — o AR B B v S R A i e Fig.5 The chlorophyll content of M. oleifera seedlings
PEAKF S inoculated with two strains of Trichoderma
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Different lowercase letters indicate significant differences between different treatments (P<0.05).
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Fig.6  The contents of Pod,SOD activities in leaves of M. oleifera seedlings

inoculated with two strains of endophytic Trichoderma
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[7i) A2b B A1) 5 Sk SR 4 v 2% 0TI 5 4 A 109 AH S 23 By
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i M SOD E RS FARK Ry AR AR
THEIEEMOCHESN , 5 HARTEIR Y 2 0 2 i 2
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Fig.7  The colonization rate of two strains of endophytic

Trichoderma in M. oleifera root
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Tab.4 Correlation analysis of various indexes of M. oleifera seedlings

I INE
. e o o p ERREETE 2k o ; ;
BEER SR P BRK mame me ool BRTE sk poDint: soDiEtE
. . . . Whole Whole
Height Leaf Stem  Main-root Haustoria ~Maximum The chlorophyll ~ POD SOD
. . . . plant fresh  plant dry L .
increm—ent increm—ent diameter  length number  haustorium . . content Activi-ty Activi-ty
. weight weight
diameter
R
WA 1.000
Height increment
I 4 i
thiR 0.678"  1.000
Leaf incremental
l*ﬁ, 0.423" 0566  1.000
Stem diameter
ﬁﬁk 0.166 0.449%  0.579”  1.000
Main-root length
I o . o ok -
Aﬁgﬁi 0.417" 0.586 0.808 0.546 1.000
Haustoria number
BRI AR ER
Maximum haustorium -0.041 -0.126  -0.395" -0.205 -0.484" 1.000
diameter
Ak
S i 0.432°  0453° 07097 0432° 0.6577 -0.560" 1.000
Whole plant fresh weight
WTE . 0.285 0.287 0.600 0.212 0.508" -0.208 0.778"  1.000
Whole plant dry weight
g% o
RRARE 0.578  0.714" 07707 0.5917 0.7307 -0.452" 0.727" 0472”7 1.000
The chlorophyll content
POD i P - - - - - - - - -
. 0.532 0.594 0.815 0.580 0.797 -0.625 0.862 0.504 0.826 1.000
POD activity
SOD itk - . . w -
o 0.504 0.372 0.531 0.221 0.548" -0.187 0.466 0.297 0.499 0.542 1.000
SOD activity

# RN FEAH I (P<0.05) , =+ FRoR Ak i 35 A 5 (P<0.01) .

* indicates significant correlation (P<0.05) ,** indicates highly significant correlation(P<0.01).

3 i #

WG L ITS \RPB2 I TEF = Fy BeBK G A i R 48 & B R W], SF151 F1SF231 4351 5 T. gamsii
HT. koningiopsis [ & M P AL T[] — 433, H DU 5 R e ALK 09 i 6 Ak 23 A o 5 [T ERT , T Ak TR 1 T %
FORZE R 5 T, gamsii B T. koningiopsis 45 FIE 2525 MR IR FEAR— 30>, B3 AR 43 A 46 1 A T8 25 35 SOk

TE /N AR HA GG BN o il 71 R GE S o AT R 22 FUR T M e PIRR N AE RS
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AREERUAE B Wb & A Z R0 R KRS Bl AR R ISCRE A AU 2 ERVAE R R H .
AT L0, B A B RE I 2N 5P T. virens A1 T. atroviride J& BEAR JEHAE Yy 4 S AR & 5 . )it
K E T. virens fig )™ Az W5 W3- £ R 15[ —3 - NG| -3 - e 3 PP A K AL ™. 25 BRI, You
PRI T. koningiopsis WHE™ EMIWE-3-2 8 . AWM T. gamsii B T. koningiopsis ) HAT 7 IAA TG PE
Hoh T gamsii 77 TAA W PERCOR , HeRh a5 S R 5 38 W RE AL HE 4 AR K OB Wy i 938, Kb T gamsii
PRARCR I N 2, LRI R ™ TAA GBI & M AE KR A B A HEE W, T — L8 A RExT
HPE IAA TEPE RS A DL BEAT TS 3R 35T o A, Lilliana 22 F 5 26 B e b A B RESE I 5 B HA ) 6 1 1 K
R, 55 A5 ik 9 3% WA i A 5 T 4 w8 K R X A T 2 20% O™ . ARG T, koningiopsis HAT ¢ B
OB AN X AR AR B T 2R A RS A AR ) A A

—BORFEM RN A FAEY IS RE WE AR SR AR MR AR Y B o R ROR S T23 BEA A AR
AR O3B BTN A SR AT KF R SRR F E 5 A AR B M4S IR b Ak B K R ik s 3 b T LA SR B 1
ERAGELE LAY, RIS, T. gamsii M1 T. koningiopsis &R0 sr 3k R4 e X HAE AR S A= W)
WA TE, H N T, gamsii BE 0 % 1 DA AR (O PR 850 ZRRL AR DL e e T, X SR T
gamsii 0 F PRI TR AR 280 T. koningiopsis W 2. $2 & S5 R AN QN 1 AR 51 T8 3 DA S AR K B A 98 41
AT, e Ah 35Sk R AR 25 AR A, BV o oM 37 A0 ), iR 25 0@ o e 2% 7 A B A AR
G ARG A T, gamsii M1 T. koningiopsis W55 s AR B WA AR 225 2 T X I, i Kk A
W B LA U S5 /N T 00 B, ph I 25 S 22 B A T S A WSO P ) B IR B L X 5 4 SR Y
WA AT

M2 RAF A AR K R TP AN AT D A R 3R 22— AT DU HEAE P 9 AR 1 RE 2 i T 30 58
BREST . AR L T. gamsii F1 T. koningiopsis HE R AL 35 1) 4y 1 -2 22 % 1 b 38 = TR IE, 53X 5 2Z FiEAR
Rty FAY e R A BT m B BF S HGE A — B T HL, R EREE S A A RGP, SOD
it 308 A A B 480 A H RS AR AR O, FHL0, , A R HTAT ) SO AR ) 19 03 5%, POD i BR 2 S Y & A
FH AL A B 8 5 ORI S AR 2 A A DG A58, T, gamsii F1 T. koningiopsis #70 4b FRAE i 2%
P n S R4 A B POD K& SOD i 1, i 54 FP IR SR T M HOR 3 5 b 35 42 = 37 AP A AL g
TEPEZEB AT,

WA WF 58 2 B A 25 T H A BRI SE SRR T L REAA ORI FIAR 3 B 2 i BK AL B 0 n PR ILAERR R 3
TET 89 A K T R A P 8 P ST e 0 S, o B 5 R A A P e AR R T ) 4 ST, B PR 2 %
W R R W X SRS TR T. gamsii F1 T. koningiopsis TE 35 H- 40 P AR 30 04 2 5 R 55 v HLOH i A
HERA R AE R P25 AR — 2 AHCHE AR 2 AR KORIR AR S HU AR PSR R 2 R
TEARDG, H R WY AR D B R 8 — B9 BILAA , 25 0UHE AR TR AH B AR 2F B 5200, 255 S WA R 14 i Jot
S ERERDC o

4 &

KRG G T RGFRIL 228 T Wik Sk RN A K% 53908 T. gamsii 1 T. koningiopsis , [
IR T ) BAT T TAA BE S RO BRE 1R o Bl 2 A PR R0 Sk R4l B AR S AR e
2R A R T LA AL R TG VI 0 A AR A R EAE T L T gamsii A0 AR RCR B8 1835, i Sk SR B
TR A T8
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