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WF 5T 38 1 15 24545 37 L i 0 ) — WK R 55 Do AR
PRRR HIN154, Jf-388 o 5 PR 22 300 AR e 17 T 925 0 1k
B35 5, 0 E AR HN154 [ 5% 22 T de A4 03
FRILHCTT, R B35 2 A A W R A A e
Hen

1 #REFE

1.1 B RIEFRE W EESS LSRN -
8 By B OK B B Bk HN154, AH003, AHO009,
FJ002., HLO008, HL201, FJ059. LS029-3. SC106
1 WL043-2, 4 4y 1 T K 2% P07 AR bR e Al )
s AR A 2R AR 5 B AR AT BN 43 B T DR AE
PDA BiFR 3Rl ™) 4455 0.2 kg L', To/K i #ib
0.02 kgL', 55 m3hsss 20.0 gL'

Burk £% ¥% % fic /7 ) KH,PO, 800.0 mg-L",
K,HPO, 200.0 mg-L"', CaSO,2H,0 100.0 mg-L",
MgSO,-7H,0 200.0 mg-L™', (NH,),SO, 1000.0
mg-L ', MnSO, 10.0mg-L ', FeSO,-7H,0 5.0mg-L"",
Na,Mo0,-2H,0 3.3 mg-L"', Jo/KF%5k% 100.0 g- L',
D) 35 22 v ok E— B BRI, A in (NH,) ,SO,4 Fll
T 7K i % A 5 T T R AA B R S, AR B IR A
200 gL,

1.2 ka5 H RS SR i
370 F5 IR 2 (98%) W FBIHL T /ARl (ke
B HH A — S e B BT T AR . HAt R Ly
Mrafik i 2 i A 1% 5 (biosharp) .

1.3 AEEKELSELERYEHE SH5IME
il 5 POV 3 0 O i, R OK B TR R 0 ) 4 AR T
PDA -z, FifiJ5 il B AE 28 °C Ay IE IR 355 g 1k,
FEPR 3 d St 1 IRABAR, FE5E A 3 L3R ),
PR S L5 5

{6 FH G TR K PR B A 7, IE 1 mL AT AR
(2x10° CFU-mL™"), ## 2 200 mL PD 3% 53 3,
28 °C. 180 r-min', JE35 1535 48 h 5, FIFHELZs Hh
U 2 B X0 B SR WG AT B AL B, TR K R TR 22,
PR H T2 H
14 BE\EREARENIE KAREEEK I
FhZE PDA B354 |, 28 °C 5535 96 h Ji, JHIT
FLERFTHL 6 mm R YFEF R LA 5000 mg- L' 354
HEAME— B IR A TCALER B 35 56F-fl v, 28 °C £
BEHEFR, 96 h WILERIC SR AR B AR K, it
BT 22 A AR S RO 0 M X 3 2 T 2 SR A e

PRI TG 25500 .

P55 RN E] Burk 15 35 55 b b, (35 2
AR U E 4391 0. 100, 250, 500, 750, 1000,
1500 mg-L", BUd% 3% 96 h (AT AR, FHFTFLART
B 6 mm BYE, Zr BRI 5N RV 55 L b
FrRIEE O, FRE AT 10 S A R B Y T 22
A KB, 38 ORI i 75 BAR, HIVE YA
HEAKMLE, B 0PER 5 )P,

1.5 AREMRBHFXENENRN 22 HIEL
g, FREL 0.5 g W22, 121 °C, 30 min K# ., $FK
B 0 R 55 B 22 1 (HN154-heatkilled) 5 7 K 1 (1
K% T 22 K (HN154-Live) 43 5 m A %] 50 mL DA
500 mg-L" 35 2 A ME— T AR 1Y Burk 3% 97 5
W, 28 °C. 180 rrmin”' #4845 72 h, 7EIRAS A% 77 K
a3 A S AR FR G B ik 5 AE B 30 min, F
BORREWERZ E PG, R 3k, &)
RO, A 1 g ToKBRFREEBR K, Jie 28 18k Ok
<30 °C), FEHH B #, 22 0.22 pm JEE
SR/ ON S RN O RN T R oA B SR
S R U B A R oK -HBE (V21 = 50:50), I
1 mL-min"', &M+ 220 nm, JEFEE 20 uL, H: iR
30 °C, VAR SRR 5 A R RSB R
Mg 4,

Fi5 5 ERERE A AR o R 0 VR BT
F5 L PREBR TV W32 A0 RS WERR BE 1L 500, 400, 300,
200, 100, 80. 60, 40, 20 mg-L™" FifEHe i 241, I
U R RO A T SR I D 0 T AR R B AR A,
A 2 T i O B AR bR 4 I AR HE I 2, AR S
5K
1.6 KREEMKEE
1.61 HAFER I HNIS4 {ZF7E PDA 5537
B 1,26 °C REERESE, ARG 24 h WARRHRIE S . K
AN Bt R 2 K R EORAERRIE, 3d ),
FRIUPE 22 T 2F s N S s,
1.62 o TEHFER  HEILHN1SA A
iz (DNA), fii ] 51 ¥ ITS1(5-GCACAATAAGC
GGAGGAAAAG-3")Fl ITS4(5-GGTCCGTGT-TT
CAAGACGG-3")P 4 14 Py e 53 [a] By X (1TS) 1) 3k
BRI 1) ) 6 17 38 FH 5 149 PR2-FUF 128 5'-
CGCCAGGGTTTTCCCAGTCACGACATGGCCT
ACATGAAGCGAT-3") 5 PR2-RUFH N 5-AGCG
GATAACAATTTCACACAGGAATCTCACAATG
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CGTGTACATGT-3") ¥ a4t RNA A 1155 2
K3 (RPB2) W FE K P 41 o ik — 2 7 Al Blast
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) 53 1 % & ,
FIH MEGA v11 AR RGN . 8 FE LR
GBI E S B RR R R 432501,

1.7 FREBRMBEERL

171 $2EERE ¥ HN1S4 #F0 = PDA K¢
FHAHRH, 28 C £557 96 h, F 20 mL ddH,O F5-FAHx
HOR AL FURE, MR FIRE E 1x10" CFU-mL™!
B USSR ERE MR I HE bR, R IR 5T A
4 W% 0T 4 vk B (0L 10, 15, 20, 25 gL, ¥R
pH(5. 6. 7. 8. 9). #Fl & (0.5%. 1.0%. 1.5%.
2.0%. 2.5%) FEFEIRAE (20, 25, 30, 35 C)4 A
FX HN154 REffF5 L E20m . SCREE 5 K.
172 AR &EHARE  FH Design-Expert F 4
Wit 4 HE 3 KPR AR . AR 3R
SO HEAT 01T 434, 45 31 L35 L R A R
SHEMY RN, R FHIZARXS HN154 (1) K %
FAF AT LIS AN AT . T A TG, BOP- M,
D56 AR AR R A5 T S, T A e A A 4 R
SN VE S IV E, T2 % £
PR,

L8 FitHi RHIBAE R I 25017 (ANOVA)
5 Tukey K K PPAR A R GE 122 57, ARAL BRI 5 K
B, R P EAR 2" R BdEAH
Design-Expert v10, SPSS v26.0 #1 OriginPro

v9.5 FAFAL BRI .
EZREHH

2.1 MBHFIXZAEMELER ELDSTEEK
JiE 55 2= oM E—BR IR Y Burk 15 3R 35, % 10 BRA
TR BRI TR 25 P 2, 2558 (K] 1-A—B) R, 78
SEAR 7 e 45 SR B bk HN154 76 5000 mg L' 355
A ME— B LV 1 Burk 3535 5L b AR KR A,
72 h B 22 B AT AR, LIS 2R L RE T AR
T H A H AR . R FI002 55 55 5% 96 h T 45 i 7
M HEATTRIAR R 222 K 2218, 1597 96 h A1 R e
SR AN [ 5 v B 1) 55 2 A,
TET5 FHOGTRIE HN154 AR5, 255 (K 1-C—
D) R, 5 LM N 500 mg-L ! B HN154 4 K
e, 96 h B 22 A W Al L A B . S T il —
%8 HN154 FEAR S5 R HERE 1, B R X% FK
16 B HN154 B8 ZZ /KJ57E DL 500 mg L' 35 50
ME— ZUR Y Burk 8535 BE 15 5, 453 R K%

2

£ &
3 gl AT LA -AHO09
k3] A A 8
£ ) Lz% -4 -FJ002
; o1 oL ,ﬁg’:”r o -®-HLOOS
e 4l o ,—,’—:.3 -6 -HL201
O . A, 222222
% POt o s 2 -3-FJ059
F A et 225~
I R Torcres s e -A-15029-3
& '.*.ﬂ“-‘ii-ﬁh”
Y Lide . . . -¥-SC106
0 24 48 72 96 .
i) Time/h - WL043-2
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1N
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<
£ 40t
<
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piun . N
+M O R+ s+ 2
w0
6 12 24 48 72 96 120 144
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A. AFEIAREFEELELLS 000 mg L35 R HORME—iR AR A Burk B 35 AR KIS B, AR FHEAELLS 000 mg-L!
F5 L H R E— R AR Burk B R BYE HARE K INZR; C. 96 WP HOWERA [R] T i e i 5 25X HIN T S48 K (5 ) 5
D. HN1547E % 35 K HBurk B SR LAY T4 AR ML B ARBEHN IS4G Sl KT B A 55 2% RS A 52 0

A. Growth of different Trichoderma strains in Burk's medium with 5 000 mg-L™! atrazine as the sole carbon and nitrogen
source; B. Growth curves ofthe colony diameters of different Trichoderma strains in Burk's medium with 5 000 mg-L™!
atrazine as the sole carbon and nitrogen source; C. Observationof the effects of different concentrations of atrazine on

the growth of HN154 on plates at 96 h; D. Changes in the colony diameter of HN154 in Burk'smedium containing atrazine;
E.Effect of inactivated and non-inactivated mycelia of Trichoderma HN154 on the degradation rate of atrazine.

B EBRFEEABERGE
Fig. 1 Screening of atrazine-degrading Trichoderma strain
TE: 0 1. Burk B 37 5 A AU I35 25 s HN154-heatkilled. KB B9 AR5 2244 HN154-Live. R KWW ARER LK. 35 KW EN 500

mg L7, SEIRAIK 5 IREL, 45 14% Means+SEM IR,

Note: Control. Only atrazine was added to the Burk medium; HN154-heatkilled. Sterilized Trichoderma mycelium; HN154-Live. Non-sterilized
Trichoderma hyphae.The initial concentration of atrazine was 500 mg-L . experiments included five replicates, with results expressed as means + SEM.

(/) 55 2 T ok it T 3R 55 0 HEOIG W 5 ME 25 5, R RERE
fift 75 2o, AR KA I 35 LR M 3 7E 24 ~ 48 h
M 20.3% ETFE 60.5%, SIS HCE TR, ik
if At S5 B ) () 0B T S 25 B2 10, 144 h BRIk ]
90.1%, W HN154 HATREfF7% L Hae 1 (B 1-E) .
2.2 PEfESHKIE HN1S4 BHREE

221 HBAFWEK HNISMFHEZRE.LORIE, ¥
WSRO0, EBAR, LSS, et
K BT, BT IRGR A, FF A

A.HNI154 BFRFE PDA Figidk LSS B. BIYEIEES; C. /M EfF4E; D. /B

SR, oA TR TR 22 B AR AL s AR A TR R 2
2 ~ 3B S, Tos HAR 25 H0RE, RS 3=
WhJe f 2y 75 BRI e A 77 A 2 2 = A
FE 7= Az F 43k T, 3 ~ 5 A 2 e i R HES 1, AR
L P RIRE A IR, TOES . AR 4 43 96k
B EEIE(E 2) .

222 STAEHFER ST ITS 5 RPB2HENR
JE AR RGeS (8] 3) A BR, Ak HN154 FIA
3 W ®k Trichoderma lentiforme strain GJS00-08

|

A. The morphology of strain HN154 on PDA medium; B. Colony morphology; C. Conidiophores; D. Conidia.
B2 Bk HN154 FA4HE
Fig.2 Morphological characteristics of strain HN154
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Trichoderma harzianum isolate LZ037

3 ]
100
46
49
100
100
100
64

® 1N154

—— Trichoderma asperellum isolate BO77R1

100

100

Prem—f
0.01

Trichoderma guizhouense isolate Tr49

100 L Trichoderma virens strain GLi 39

| Trichoderma virens strain GJS 01-287

100" Trichoderma lentiforme strain GJS 00-08

Trichoderma harzianum strain KUFA0742

Trichoderma guizhouense strain HGUP0038

| Trichoderma hainanense voucher HMAS:248837

l Trichoderma hainanense voucher HMAS:248866

— Trichoderma asperellum strain CGMCC 6422

Trichoderma reesei strain KUFA0212

B3 HN154 EF ITS 71 RPB2 F3IHMZEH R 45H
Fig. 3 Phylogenetic tree of HN154 constructed based on ITS and RPB2 sequences

MRS RO, ~HTERGM o IRl s,
FGRFREE . G FRAERIES R, Tk
HN 1545 28 % 5 N Trichoderma lentiforme.
2.3 HNI154 HFEREERBREHFMRK
231 BEEMRMA RIENGTER A RE ER
FEXT TR HN154 £ KBl 55 D LR I il e 25
H (& 4-A) R, TR HN154 %55 2 iR i R b
ARSI LR R TR BRI H  HAAR
WU 10 gL' B, W24 w i, i 3.85
gL HX55 LR iR W s, 59.51%.
ARG pH A EE RIS B E HN154 25K
TR A 55 AR A 25 5 (4] 4-B) R, RIAk
HN154 %55 25 R R B 4 pH 52 56 THE FE Y
¥, MG pHT B, B2 AW i, o 3.89
g L HOX 35 26 Y I i Rl B =i, o 86.75%
ARl R R 1Y 35 SR BN R HN154 A8 K H:
K fig 55 2 e T R I e 45 51 (1] 4-C) 7, R AR
HN154 %55 K H i i R B B e fh i 52 e TS
MR R 1% B, w22 AW s,

Trichoderma reesei strain CBS 383.78
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Fig. 4 Effects of different conditions on the mycelial

growth of HN154 and atrazine degradation
T AR/ NG FRFROR2E 5 B (P<0.05)

Note: different lowercase letters indicate significant differences (P <

0.05).
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3.93 gLy HoN 5 LA RN R, N
87.62%.

TR %2 R B NS T PR HN154 A2 K
HR A 55 22 HERE 1 1 2 45 4R (] 4-D) SR, 1
PRHN154 X} 55 25 A0 B4 fife 258 b % T il B 2 Je s
MRRgFaS . MREERE N 25 °C I, 24 Y e
1, K 3.96 g Ly HOX 5 L i M A Rl AR e, R
87.79%.

232 AN @AARE KR R T
WEEIE, £XF 4 A AR BRI RARFA A, Bt T
29 AR S, BRI T S 45 RE £ 1. fiF
B0 O 2 3k [l U= 48L& Ab B, A5 T LA e e
it 2 () VR SRy i 7 A [l

Y=83.00+2.00a+0.335+0.58¢+1.75d+0.000ab—
0.25ac—1.75ad+2.00bc—6.50bd—5.50a>—5.006~4.36¢>—
3.884"

®1 WEEREIRITESER

Tab. 1 Response surface experimental design and results
LR a ihJE/C c FeRhid/% d HEE R/ (g L) Y35 LR 1%
Experimental No. ~ Temperature Inoculum amount  Glucose mass concentration  Atrazine degradation rate
1 40 7 1.5 25.0 75
2 30 7 2.5 0 77
3 30 9 1.5 0 79
4 20 7 2.5 12.5 71
5 30 7 1.5 12.5 83
6 30 7 0.5 0 69
7 20 7 0.5 12.5 70
8 30 5 2.5 12.5 71
9 30 5 1.5 25.0 82
10 20 5 1.5 12.5 70
11 40 5 1.5 12.5 75
12 40 9 1.5 12.5 75
13 30 9 0.5 12.5 72
14 30 7 1.5 12.5 83
15 40 7 0.5 12.5 75
16 30 7 1.5 12.5 83
17 30 7 1.5 12.5 82
18 30 9 2.5 12.5 76
19 30 7 2.5 25.0 75
20 30 9 1.5 25.0 70
21 30 5 0.5 12.5 75
22 30 7 1.5 12.5 84
23 40 7 2.5 12.5 75
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4R 1 Tab. 1 Continued
LIRS a iRE/C c FEME /% d WE R E /(g L) Y55 R HRE R /%

Experimental No.  Temperature bpH Inoculum amount  Glucose mass concentration  Atrazine degradation rate
24 20 7 1.5 0 69
25 30 7 0.5 25.0 77
26 20 7 1.5 25.0 76
27 30 5 1.5 0 65
28 20 9 1.5 12.5 70
29 40 7 1.5 0 75

HI 8 2 A, Y P/ T 0.000 1, 363 BEEIA 98.30%. JAEEHRE REL R 4 0.965 9, Ui
TR K I PAE R 0.260 5, KT 0.05,  BHIE S REXHAE A LA RO B . IbAh, R 2
AERBREER, XEREFEMEERSEHTT  @BTH, —RIH ) a, c. d, K HIE ad. be,
S AR RECHIN 1.24%, b FTHRAKF-,  bd. cd, DL ZIRITE) o, b2, & &, BTSSR E
‘#*%/F%ﬁT’f%ﬂE‘Jﬁﬁéio HERB R WBUE S 2 LR 25 00T 25 R 1 s e O AN 1 2

& 0.983 0, ;X RWIBIA ML REIR T EH (P<0.01),
*2 DEREFESNE
Tab.2 ANOVA table of the regression model

KR 75 F %75 FfH PfH BENE
Source Squares df Mean square F Value Prob > FProb > F' Significance

Fi#IModel 697.36 14 49.81 57.71 <0.0001 ok
a-ifitJ Temperature 48.00 1 48.00 55.61 <0.0001 **
b-pH 1.33 1 1.33 1.54 0.2343

fti%ﬁa%on J— 4.08 1 4.08 4.73 0.0473 **
éﬁiﬁﬁintratiom 36.75 1 36.75 42.58 <0.0001 *k
Ab 0.000 1 0.000 0.000 1.0000

Ac 0.25 1 0.25 0.29 0.5989

Ad 12.25 1 12.25 14.19 0.0021 wx
Bc 16.00 1 16.00 18.54 0.0007 o
Bd 169.00 1 169.00 195.81 <0.0001 o
cd 25.00 1 25.00 28.97 <0.0001 o
a 196.22 1 196.22 227.34 <0.0001 K
b 162.16 1 162.16 187.88 <0.0001 K
c 138.75 1 138.75 160.76 <0.0001 K
& 97.40 1 97.40 112.85 <0.0001 K
5% % Residual 12.08 14 0.86

KPUT Lack of Fit 10.08 10 1.01 2.02 0.2605

A5 RBCY 1.24 =

# R 2%Net error 2.00 4 0.50
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£ 2 Tab. 2 Continued
IR S5 A B ¥y FfH PfH 2
Source Squares df Mean square F Value Prob > FProb > F Significance
At Total 709.45 28
e RER 0.9830
adjRsE R HR g 0.9659

T #*, P<0.0001,
Note: ** P <0.0001.

P 5 Jr 7 8 o o7 TS 7R, 0 EL Y AT 3t 52 R
AR Z B 52 AR 2 HN154 FEfRS5 L HH)
SN, o, 3D R R T B RS, BRETE
HETHRA AT, 7775 XTI A R g R e R fE
TESCHIN, ad. be. bd. cd W45 52 5 B 0 A 53
TE , ACHE W 157 T 53 BT 7 J B, 3 B Sk S 52 IR 5
FHERE AR E BRI I 52, ab., ac

75 2R
Degradation rate of Atrazine/%
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() A5 R T A8 U S s R AT T 35 S TR A e 1) 5
WA /N, 53R 2 B 2550 T4l RAH B EDIE

i 3o ] P AR O 35 e R A R A iR RS
g ) % B WK BE 5.24 gL', pH 7.78, 4% Fh
0.77%, T 25.5 °C; 75 2% 5 0y FHLIE fe AN o3 fie
FH 88.57% I FH M1 BE Y TR 575 25 LR A 2 1Y)
S EIEIT AR . HN154(T. lentiforme)fE LA
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Screening and identification of atrazine-degrading
trichoderma strains and optimization of degradation

conditions

#

Jiang Haonan"*, Lyu Yudie’, Wu Yiping'?, Wu Guoliang'?,

Wang Rui'?, Zhang Manman'?, Liu Tong"”’
3 2
(1. Hainan Engineering Research Center for Agricultural Biopharmaceutical Creation, Hainan University, Danzhou, Hainan

571737, China; 2. Ministry of Education Key Laboratory of Tropical Agriculture, Forestry and Biological Hazards, Hainan
University, Haikou, Hainan 570228, China)

Abstract: The inorganic salt medium with atrazine as the sole carbon and nitrogen source was used to screen a Trichoderma strain
with the best growth performance among 10 Trichoderma strains, and the Trichoderma strain HN154 was selected. The
degradation test of atrazine demonstrated that this strain had a high ability to degrade atrazine. Strain HN154 was identified as
Trichoderma lentiforme based on morphological characteristics and /7S/RPB2 gene sequence analysis. Optimization of atrazine
degradation conditions showed that the atrazine degradation rate was as high as 87.79% when cultured in inorganic salt medium
with 10 g-L™" glucose, pH7, 25 °C, and 1% inoculum. Response surface optimization further improved degradation to 89.02%
under the conditions of 5.24 g-L™" glucose, pH7.78, 0.77% inoculum, and 25.5 “C. This study provides microbial resources and
technical support for efficient atrazine degradation, offering insights into degradation of microbial pesticide residues.

Keywords: atrazine; Trichodermas response surface method; degradation of pesticide residues; weedicide
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