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Trichoderma harzianum HNA12 and its application in controlling aflatoxin contamination in maize

ZHANG Lifang', XU Yini', CAO Yang', LIU Ligiang’

(1. Jiangsu Food and Pharmaceutical Science College, Huai’ an 223003, China; 2. Hebei University of Science and Technology,
Shijiazhuang 050018, China)

Abstract: To control mycotoxin contamination from the source, high throughput screening and biological control of antagonistic
microorganisms against aflatoxin contamination of maize were carried out in this study. In total, 1 055 strains of Trichoderma were isolated
from healthy maize seeds collected from Jiangsu, Shandong, Shanxi and Henan provinces. Among them, 10 isolates showed antagonistic
activity with a band width of more than 8 mm, and the inhibition rate was ranged from 36.5% to 90.0%. Vivo experiments showed that 7
Trichoderma strains had potent inhibitory effects against A. flavus with a rate of 44.2% to 87.0%, and the inhibition rate against aflatoxin
ranged from 40.5% to 85.0%. Among the strains tested, the control efficiency of HNA12, T40-3, and T85-5 against A. flavus was 87.0%,
68.8%, and 64.5%, respectively. The strains with the highest inhibition rates of 85.0%, 75.2%, and 68.5% against aflatoxin were HNA12,
T21-1, and T40-3, respectively. Field trial results showed that HNA12 had the highest growth promotion and aflatoxin inhibition rates of
10.5% and 90.5%, respectively, indicating a great potential for biocontrol. Based on morphological and molecular biological analyses,
strain HNA12 was identified as Trichoderma harzianum. Antagonistic mechanism test showed that the fermentation product and the protein
extract of the strain HNA12 had a strong inhibition ability on the growth of A. flavus, and it could be used as a microbial agent with broad
application prospect.

Keywords : maize; mytotoxin; contamination; wood fungus; biological control
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Table 1 Inhibition rate of Trichoderma strain against A. flavus

e e i 2% e &) 2]
Anfzg(tllftlc Irfll]lfijtfn Trllzj‘ﬁjfr{fa iﬂj“ﬁ ,th
strain rate/% source Site Region
HNAI2 90.0 TR ILI7R et
T12-1 85.5 FoAAE IR IR
T95-2 75.5 kA AR (4
T85-5 65.0 TR 1wy e
T21-2 50.5 R AR s[4
T40-3 50.0 A ;N LY
T100 45.6 TR R At
T22-1 40.0 T II7R et
T50-3 40.0 FoAAE IR AR
T10-2 36.5 R AR (4

B 3B . R

Note: Data is the average of three replicates. The same below.

BRI o FE LT MR B2 1 B IR O 44.2% ~
87.0% , Horp, Ak HNA12 X 25 fh 25 T A 400 ) 200 SR o
15,35 87.0% , FHR R TR PR T12-1 F1 T40-3, 14l 50 2R
38 F) 69.5% F168.8% . T BERC R BT 1Y B KK 43 1)
9 HNA12 . T21-2 J% T40-3, Il % 2 43 51 7 85.0% .
75.2% % 68.5% , XoF T ik Lo FE BT A5 ¢ e 10 TR R 4k
SLIF K HSCIOmESY . SCISS R, B IR A T A
TR ST 05 AR AR P45 P B EPT I B BT —
M2 5. BRI RSP R 4%, Wi 40
PE VB IR S (e G 5 80N M B A A VE
S5 P AR AT 0 1 45 BT TR A7 — 0 Y B
it I S PUSCR B M TR AR, TRE , T AR A5 14
VEARAAEHUSCR B 1 TR AR IO 3 25 1K, T B AR
R RS B R AR
2.4 HENRLE

WFFR 45 (3% 3) R, i i FR AT 1) A= B A B 1 Xof
FORAR T — 2 R ARCR W8 i B R RS
YRR R A o REBUBCR AR I A B R R 3 X
KAERKEA —E MR ERCR o AR HNA T2 {2 4=
RO B , R 10.5% , LR R TR B T95-2 Fl T40-3, i
AR 0K 5.5 % F1 4.5% o 1055 2R 80 1 TR Ak
43 5 HNA12, T40-3 K T85 -5, 4l B % 43 % A

R3ABEAWMEHERMHREI EXRNEREMER(%)
Table 3 Inhibitory rate of Trichoderma against A. flavus and

growth promoting effect on maize (%)

HEHE Index HNA12 T95-2 T85-5 T12-1 T21-2 T40-3 T100

it 2 Growth 105 55 0 25 27 45 0
promotion rate
JEER Inhibitory  90.5

poison rate

50.5 583 50.8 532 605 235

90.5% .60.5% I 58.3%, 3% 3 ¥k H HAG I — 05T iy
Wl . ARE R AP F ALY i6 TR 21—
P 25002, BT LT BT 1433 I RE ) A2 FE R
A, S HA S A0S BB, R 2 B A Z R B
BT R, )G 25 SR R B T AR AR A FE PR
B o o) v i R O R A A R R RO T TR
bt B e ORI RE T, DL B B e R B
RAFIIBLERCR , M e RIS PIR R B 1 JEAih

- LA A ) R AR R A R A A AR
A4 T RTE N A AE W) 2 T ) A A ) i A AR T
AN MET RIS MR NI E A AT
AN S AR 5 e, LA AR 3 T 5 X6 3 45
T A IV RE A B R A T R A N R 1 B
AN B, WY B — A T T 0 A 5 B I A
FF M
25 EBHABHERE
251 AR

ZUEE REE AR HNAL2 G KK EE . HNAT2
F S B RFIEUNT 78 PDA KR 3E b, REE R R 7E 20 °C
R 5 d TR TS AR N 8.8 em, 2B K EE AT ER , 11 (1Y
FEREIR 2R 22, WiR R e HIEER S
B IR 2 A B S 0 T 22 R DE 4.0~5.5 pwm, 1A
B2  ma W & TV R, A 255 BRIk 45
AR, B TR BB A TR A BRI s R TR 22 1
BN AE AR ] 3K 4 A4~ 88 54, SRR HES] | 5l s>
T /N ASE AN A U] HE 1) 5 ) A= A 24 (5.0~6.6) m %
(3.0~3.8) pum, T A= B A B 7Y 74 i A3 29 (13.0~16.0)
pmX (2.6~3.8) wm; K HB A A LA KA BEAE LR 22 |-
A AR A 4 R BRCR s 481 B9 T A9 0 A= 1

R2 BERENEHERNPBARNRRMNEE(%)

Table 2 Control effect and inhibition rate of antagonists against A. flavus(% )

FEF5 Index HNA12 T95-2 T85-5 T12-1 T21-2 T40-3 T100-1
[95%% Control effect 87.0 60.0 64.5 69.5 44.7 68.8 442
MR Inhibitory poison rate 85.0 64.5 59.0 60.8 75.2 68.5 40.5
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17 RE FL RO TR Ek L, (2.5~3.0) pmx(2.3~2.5) pm
(K 1a),
252 SRR

i k%A E HNAL2 A9 ITS X, 375 R & B
BRITS XN P45 5 . e 41 FL x40 A i 25 SR e B, 3
¥k HNA12 5 T harzianum L F0s , 48 99% LA L,
FRZ5 4 HNA L2 TR BTE S 22 R 1IE , W20 HE HNA T2 %
E N T harzianum . #F—8 HNA12 7 #k 5 NCBI H
B AR 5 8 T B EA T e 5 e W AR R AL H
B CEL 1h) | 3 2 H 5 7R R 8% 45 i (] 35 4% iF Ak ¢
2, [AlIF 3R A5 58 45 1 T /R HNAL12 5 28R 5 A Y

HNAI2
(b) 58 [ T.harzianum (CBS 81968)
97

T.inhamatum (CBS 27378)
95 " T.inhamatum (CBS 51818)

—I T.virens (GL-20)
86 | T'virens (GLi-39-type)

T.stromaticum (GJS 97-180)
100 T.stromaticum (GJS
0 T.stromaticum (GJS 97-182)
T.stromaticum (GJS 97-182)

H.aureoviridis (CBS 24563)

0.01

1 RKEHNARWEESFEE () FFFEED)
Figure 1 The morphological(a) and molecular(h) identification

of Trichoderma HNA12

26 HEREAMEMESEMFIRR
IRIRZE R (K 4) IR, AR R B # i & A=
M AR A 95% LA I 5 B8 11 2 81 10 46 4
TE 96% LA I s AR5 B2 U8R B 9 76 30% LA |, H:
H HNA 12 % 85 i 2 i 400 1) 4 e, 190 0 22 7E 60%
DL, At TR Bk 0 4 i 80O At 5, Herb T85 -5
T95-2 43 5|3k 5 57.3% F150.5% ; HNA 12 ¥k 1) i
WORIVR F IR0 T 22 R LT, ¥ 4F 65% LA |, HNA12

1% WHART]

F4 FRERES YN EHEERZEKINEER
Table 4 Inhibitory effects of biocontrol metabolites on
the growth of Aspergillus flavus mycelium

AT 2 Inhibition rate/%
bk KW

Strain TUEWE  EIEW ARAdE RN HLEH
train = " Fermented .
Filtrate Supernate Filtrate Supernate . Protamine
filtrate
HNA12 60.5 65.0 58.5 68.0 98.5 98.8
T95-2  50.5 60.5 50.0 54.5 98.2 98.5
T85-5 57.3 58.5 55.5 63.2 95.3 98.5
TI2-1 442 56.5 48.3 55.0 99.5 96.7
T21-2  45.0 60.5 46.5 455 98.5 96.6
T40-3  30.8 55.0 42.5 455 97.5 96.4

PR XTI 25 T 10 400 T 3R A, T 65.0% , Lk 2
T85-5, ik 58.5%

P ERFE LA FORIE T, FORX R ERE %4
MEMZder XEZE, BRrdE MK FEHTH
AR AR JLAR K b 8 i 2 5 B R R 5 A
& E MR T K EF R . AR R OK
PR EE 2 15 YL PR it T O RIS B AR SR, M bR oK
SEROMAED) S L i B EE R T Y it T HEOR

3 #ie

(DA AR A 77 X ok B ikig AR
BE DA AR 1 055 Bk, Horp G R HNA T2 5 913008 e ik
XF oK HE il AR R B T g s T SOR Y A
90% LA I, LA AEAE B 2, FLAT 00 1 IR B3 35
P FH

() FEHTHLHIE R B, TRk HNA12 9 & A
Wy, RER B (1, o B A A T R ROk
AT DR R AR 2R T 2 i o AHRES B bR HNA 12 %)
FEREEL A WA PUILEE S sE AL | R PRBE R
(LA Ve B RE T A S RO A R — 2 TRA
WREMBFIE
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