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Isolation, Identification, and Herbicidal Potential Evaluation of Pathogenic
Weed Strain Clonostachys rosea JZ.-28
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Abstract: To screen biocontrol strains with high herbicidal potential, the pathogenic fungus JZ-28 was isolated
from naturally infected leaves of Viola philippica in Qinghai Province. Through morphological characterization
and multi-gene (ITS, EF-la, LSU) phylogenetic analysis, the isolate was identified as Clonostachys rosea.
Pathogenicity assays demonstrated potent herbicidal activity of strain JZ-28, inducing chlorosis in detached
leaves of four dominant broadleaf weed species from the Qinghai-Xizang Plateau(Malva verticillata, Elsholtzia
densa, Senecio vulgaris, and Chenopodium album) within 7 days post-inoculation (dpi). Disease incidence
rates in whole-plant assays reached 83% , 95%, 100%, and 70% , respectively. Safety evaluation on six major
crops and three cool-season vegetables in Qinghai revealed that JZ-28 was safe for four crops: Zea mays, Vicia
faba, Pisum sativum, Brassica napus, and three vegetables: Cucumis sativus, Solanum [ycopersicum, and
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Solanum melongena. Lightly Susceptible was observed in highland barley Hordeum vulgare and Triticum aesti-
vum. These findings indicated JZ-28 s potential as a broad-spectrum bioherbicide against broadleafl weeds in
multiple cropping systems. Culture optimization identified sucrose and soybean meal as optimal carbon and
nitrogen sources for enhancing mycelial growth and sporulation. This study provided the first evidence of Clo-
nostachys rosea’ s bioherbicide potential in alpine ecosystems, addressing a critical research gap in microbial her-
bicide development and offering sustainable weed management solutions for fragile environments.

Key words: Weed control; Clonostachys rosea; Microbial herbicides
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(35.94°N,101. 85°E) R 4E H AR B S5 AL Hb T 1 J .
TP 5 AR M T R E R 3 B i 2 B 2R B
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AR Ty rp kU B 2 2 4y Bk A S L Al R B0 TR
PR o BV TR K b gk i 8Os i R, B K 1 BT T R
R R 9 A 32 B AR 5 mm X5 mm ) 4] R B
TEJCHE TAE & AR IRAE 3% ~5% NaClO % i b i
B 5~15 min, JC & 7K Mk 31K, 70% C.H;OH ¥
B 30 s, TR K ik 3 Yk, 76 T4 TC A U8 40 b 1 44
J& L HEFAE PDA S5 FRH M b B PRGOS T
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la X[ PCRY™ 3G 5 M By A= TAEY) TR C RO IR
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ITS1: 5-TCCGTAGGTGAACCTGCGG-3" #I
ITS4-R: 5-TCCTCCGCTTATTGATATGC-3';
LSU B WY 851 Wt T2 % ki ik & 6, R
LSUL: 5-TTTGAAATCTGGCGCAAGCC-3" #il
LSU2:5-TCCGAGAACATCAGGATCGG-3";
EFT £ N ¥ 14 5] ¥ 4 EFI1-728: 5-CATCGAGA-
AGTTCGAGAAGG-3'fil EF1-986R: 5'-TACTT-
GAAGGAACCCTTACC-3"",

i NCBI BLAST # & il F 48 5 JZ-28 7 51l 7]
PV B9 DNA T, #% ITS - EF-1a - LSU By JIi 3
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70 W R R A2 0 fF 52 % R I B B AR
A RO T B R Al K PR BT
R KT 5, B SRR B A DR 40 B A% 85 mm Y
SEAT R, R Atk IR IR A . K B Ak R 15 Y
PR A AE PDA K5 95 5 I, 7F 28°C $5 3748 h 1 5%
B 22 KAV RUG TR I B 2 R DE . T O
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B H M AE K (Zea mays) \fx 5. (Vicia faba) |
Wi 5 (Pisum sativum) M 3¢ (Brassica napus) . B
(Hordeum vulgare) /N7 (Triticum aestivum) 6 Fj 3
F,AE W M K (Cucumis sativus) | 7 Hii (Solanum
lycopersicum) | Jifi F (Solanum melongena) 3 F 1% It
B ok TP o3 Bl Bk B AL, TR E (25 £ D CHE 3R
F3~A M SR T 25 H b 12 Ak B AE R | A 44 b
H 25~30 mL, B4R 3UC, LLHRR TC B K A
FEARAE o0k B 2 5 A R B 55 0. 06 mm 2 R} 3 [
PR 12 h, R (25 DCAHRLERE TR . BA L H I E
SWH 5 7 R WG M bR AR 17 0L L 3% 3% 2 b
THE Sy Hbn e &g L

®1 EHREEHIKIED

Table 1 Safety evaluation crop

YEY 27 HEKAED) YEY & R
Crop type Tested Crop Crop varieties
EHAEY F K Zea mays ‘T kE 6287
Main crops planted %5 Vicia faba 14
Wi & Pisum sativum ‘RS
i 32 Brassica napus CH&9E
H B Hordeum vulgare ‘B
INZ Triticum aestivum ‘R 4487
¥ i SR i 7 Solanum melongena CEERN
Cold vegetables 335 Solanum Lycopersicum CERERTE
# JN Cucumis sativus S IO B

R2 ARBRESR

Table 2 Grading of disease severity
53 %% Grading

JedEAR (No symptom, NS)

i BEZE I Lesion manifestation
TCIREE , AH IR E H A

RN R A 2 R BE A A K2
(Lightly susceptible, 1.S) ik
o 25 R 1/5~1/4 1yt 1o AR B BE , A2
(Moderately susceptible, MS) I 3Z 4 i
7T R 1/4 VL b nt i AR B B A=

(Severely susceptible, SS) 52 3 7 0

1.7 REERERRIENFE

TR Ik BCRT U MR BE R (C) L FE B (C L
(Cy) VERHCCO BN R CCOME R IR B, 7%
IR BN 2060 4 B B B T A B 57 2 PDA w9 i
VAT WE (Co) , F8 R 51 5 e i R 6 A [R] e
TRAY R FE 8L . B IR RE 48 121°C s JE K 20 min, # 4
TAEG WIS % & — R PEE R L@ =85 mm)
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7LIFFE 7T R FRE T IA 10 mL FE K, DL
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PDA K5 32 5L it #3957, LR AN I & U8 19 PDA K
Fe B AE R as A A (CKD . R SR Il K
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7L e 7 d ¥ bR Ty kA B ORI
ODyoo fH , LA I i 36 2 A 008, T A 3K 56 3 1% 3 Ik
HE .

1.8 HiEaE

iz ] Excel 2019 8 44 #4788 48 1+ Kb bk K i
YR i i e R Y TR T8 AR B ODgoo fH 1 22 55
PEiz i DPS 9. 01 87 LSD &/ i % 25 5 ik e A5 22
S E AT

2 ER5HMH

2.1 EHREESHMUMEE

2.1.1 HARER JZ-28WHkFE PDA R IR 2
U AR AR RO TR 22 BRI 8 R LB IR RV
NGARVOIRAT- % T 22 308 01 6, J5 19 2 8
o iR AR B, AR T WER, JZ-28 TR
ARG B, A W R R R, AR A T
BT , TR A S BRI —E D,

21.2 5 FARAPFPERLEZALARXAMME W
PCR ¥ 3§ ¥, 53 5 3R 45 JZ-28 BI#R I TS, EF-1a,
LSU S N/ 93 7 1], H R BER /NI 33 O 544, 246
F1 611 bp, Ml ¥ J7 51 $2 5¢ GenBank, % 5% 5 43 5l 4
PV643195,PV683295,PV707045, H&:T 1Z-28 itk
ITS EF-1a LSU & [K 7 91 1) 22 58 % & 70§ 42 W] (&
2),17-28 Witk Clonostachys rosea B 1€ [W) — L5
B, SCRFAIREN 10076 o B T I B 19 JE 25 22 R AIE K&
RGR BRI 45 0L, TR JZ-28 1 % 78 hy M 21 18 e
RH## (Clonostachys rosea) o

1 JZ-28 EWR T3S HHAE
Fig.1 Morphological characteristics of strain JZ-28
TE AL IERITE S B, B A s C A D 235 o 43 A2 L 7 AL TR 25

Note: A, Surface view; B, Reverse view; C and D, Conidia and

conidiophore morphology
100 [ 17-28
99 L MK391602.1 Clonostachys rosea
28 0Q910994.1 Clonostachys kunmingensis
’ 59 {7 MH875072.1 Clonostachys rhizophaga
——— MNB308541.1 Clonostachys rosea
2 PP163791.1 Clonostachys chloroleuca
31 L PP859370.1 Clonostachys pseudochroleuca
i‘: NG 229132.1 Clonostachys longiphialidica
PQ328926.1 Clonostachys rogersoniana

KR857690.1 Clonostachys byssicola

75

9 MN699296.1 Clonostachys wenpingii
(7 0Q910961.1 Clonostachys farinosa
B2 EFJZ-28EHITS.EF-1a . LSUERFIHEM R
FREHELR
Fig.2 Phylogenetic analysis of strain JZ-28 based on ITS |
EF-1la and LSU gene sequences

2.2 BAEMRERHE

Hy [ 3 W] 0, 3% TR PR AE 4 FP 2 R B R R L K
I P B B (] A5 Ak I N EE L 4280 7 d )5, JZ-28 T AR KT
4P R E ARt R RN — B BUR .
PRAEFNIEAZE M R J5 WA 25 i 7 Jmy B 1 B 4k,
TAEE AR, AR R I R D
PR L TR R A EL L E T A, RO
T B R 22 U5 B OE ) A ARG i R B 2 A T T
22 31 B AL . B TR 22 D ) A 1K e
DL E R s iy B AR a0 A5 R iR L JZ-28
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P BEAS  WONTEX  22C album
M. verticillata E. densa S. vulgaris
B3 JZ-28EHMEZE FEFE MM TFEX FIMBEE
B R BRI

Fig. 3 Pathogenicity of strain JZ-28 on detached leaves of
four weed species: M. wverticillata, E. densa, S. vulgaris,

and C. album

2.3 BRBEHFH

P 5 AT R0 7 d I, BEAR X 4 R 2% B0
R (RS Y 2 B TS, 25 7 RIK BN (H , BB
X BRI T B A B0 3 A e, 35 31 100 %0, HoAh 3 Fh 44
T RRTRIE70% DL b iR IR 1 438 b F 2 KM
THOG A FhJ% B R0 % 53 51 R 8326 .95 % .100 %%
70% ., BORHCR LR 4,17-28 TR 4 Fh 24 B A 5
BB . AZERIN AL A RREVR s T
MWiBET s BALH TR T M T A% |, e il
PR LR AR FE 5 B T B 2 300 A B o Ak 2R 05, B I
FEME T AR FE T s BE R IR it i R B Ak, AR R RS 4 2
UE S Iy L7 3/ A

WACEHEE E. densa

KE M. verticillata

RN T 5% S, vulgaris B C. album

4 JZ-28BHMEE FEEE N TFEX F4MBENBRE(HEMHT7d)

Fig. 4 Pathogenicity of strain JZ-28 on four weed species: M. wverticillata, E. densa, S. vulgaris, and C. album (7 days post inoculation)
T ALE T4 TR X 28 B A 3255 3,5, 7 RAZ UG B0 BLF T 43 50 0 B MR 2% REBEAE A 25 55 3,5, 7 RAR YN IL 5 CL G L K 43031 Ay T A X 4% e IR
P BB 3,5, 7 KAZYAE DL ;D HL L4330 B bR X 2% 503858 3,5, 7d KAZ YA B0 5 485K I8 A28 LATAE o xt IRAL L 56 247 /B M Ab B4
Note: A, E, I, Infection progression of strain JZ-28 on M. werticillata at 3, 5, 7d; B, F, J, Infection on E. densa; C, G, K, Infection on S.

vulgaris; D, H, L, Infection on C. album; Upper row, Control group; Lower row, Treatment group

120
= 100F mmmmmim
g o T _
5 % s e B
2 60F Tl
% a0t =
& 20t

O 1 1

3d 5d 7d

$F} ] Days post-inoculation/d
— KTE e BT = T e %
BS5 #BMTRNIZ28EHMNLE BREE . BMTE
R FAMBREELFRENTUESE
Fig. 5 Temporal dynamics of disease incidence in four
potted weed species(M. wverticillata, E. densa, S. vulgaris,
and C. album)inoculated with strain JZ-28 during 7 day post-
inoculation period

2.4 EYREUENE

EFPJZ-28 W bR 7 d BB S, X E Ok ISR
WK F AT R B E RN A XD
& MR LS B N, A R K (E
6). EK I . EIK FMOMTF BT OGS
CKAH , KM@ LB 2R, EeBER
NS,

2.5 EiEmREIER T

R B JZ-28 Bl 45 b T AN [ e U5 1 7 56 b 47 85
F&,50F1,3,5, 7 dill & W % BRI TR 3k A
Y EE N E . 55357 dJs i i AR O
il 2 PR W TE 600 nm % K Ak 1Y I OG BEH (ODygo) o
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WMFEIHE 7w, A ER IS 77 30 3 V% B4R &
ODg H¥FAEE T . WK IZ-287E C.UNE RO B
F5 v AR KB AR H R AR KR S AT ODg (8

Tt AT CoOEMD R R AR B & 2R %F
AWK R R RIS S5 #F ODgy H 18
B, BEAE O N B RR JZ-28 18 B ik YR .

Control group Treatment group Control group Treatment group Control group Treatment group

iR

g

6 JZ-28EHRIT9TIEM R &M
Fig. 6 Safety assessment of strain JZ-28 on nine crop species
TE AL N IR 448 (A WX I A A B, R ) 5 B oK “HTHE 62875 C. & H & 147;D. HR B L 147E. Bt
CHEAROS G T KN HL BUR T — M TURE AL 5 T 0 R R R
Note: A. Triticum aestivum ‘ Gaoyuan 448° (Left, Control; Right, Treated; and the same below) ; B. Zea mays ‘Xinnuo 628’ ; C. Vicia faba

CRTMEHI L S F. b

“Qingean 14 ; D. Hordeum vulgare ‘Kunlun 14” ; E. Pisum sativum * Tiancui Wandou’ ; F. Brassica napus *Qingza 9 G. Solanum melongena
‘Zichangqie’ ; H. Cucumis satious * Yiye Yigua Guamanjia’ ; 1. Solanum lycopersicum * Baiguo Qiangfeng’
F AR 8 R W, A ] IR 85 7 HE X I7Z-28 TR b KL B IR R XS JZ-28 R A B A e i A K i PE T
(9 T 7% AR S ODgoo (B2 A B 50, N, CRELH) B —EMIMSIVER . JZ-28 WAEAE N K R 3
Ak BRZH B TR 22 A K TR O Do (H 24 i 35 5 F I Fe U0 AR IR R TR B R TR B TZ-28
A R PR . TR R AE NoCOR RO A B % A A= 1) o i LI o
£3 AEMEEFEL JZ-28 WEEHERZR OD,, &

Table 3 The colony diameter and ODy, value of JZ-28 on different carbon source media
e U5 A 3 K 7% B 4% Colony diameter/mm OD, B

Carbon souree treatment 1d 3d 5d 7d Mean value of ODy,

C, Al YEVE R Amylogen 13° 24" 38" 48 0.76"

C, # %k Wheat bran 12¢ 25% 40 51" 0.25°

C, JiEH¥ Saccharose 13* 26 35 51" 0.84"

C, EKHF Corn meal 12° 27 41* 54 0.36°

C, /N Ky Wheat meal 12° 26% 43° 55° 0.34¢

Cq #i % Amylaceum 13° 24° 34° 47¢ 0.40¢

T A B AN 0 3R A BRZE T] 7 596 7K 128 5 8 3% (P<<0. 05),, F [l

Note: Different lowercase letters in the same column (alter data) indicate significant difference at the 5% level (P<C0. 05), the same as below

R4 AREFEEFRE L JZ28HEZEERZ R OD,E

Table 4 The colony diameter and ODy, value of JZ-28 on different nitrogen source media

AP Ab #E WY& H A% Colony diameter/mm ODjo I1H
Nitrogen source treatment 1d 3d 5d 7d Mean value of ODyg,
N, K ¥ Soybean meal 13* 26° 38" 57" 0.73°

N, [ HHZ ¥ Yeast powder 13° 25" 41° 52" 0.14¢
N, # [1 I Peptone 13 26° 35¢ 48° 0.29¢

N, NaNO, 13° 23" 32¢ 38¢ 0.12¢

N. (NH,),SO, 13° 23 35° 49 0.12¢

N, R % Urea 9° 9° 9° 12¢ 0.04¢

PDA 13° 247 34 47° 0.40"
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7d

7 Bk IZ-28 EARREBRIR IS R E R B E N E KRS
Fig. 7 Growth dynamics of strain JZ-28 in media with

different carbon sources at various time points

7d

8 BHRIZ2BEARAFREEFEARFNEHERKRKES
Fig. 8 Growth dynamics of strain JZ-28 in media with

different nitrogen sources at various time points
) \A
3 g

N R B 1 2% I v g 8 R O 1k B A A
B 280 R 1) BOURS TR 2: 2% B A= B 40 el A A B TR A
BB 22— SAHESAH L, B 41 8 e R AR )
12 0 TR W R U AR W B IR TR 1 R e
5160 55 T PR TK7 26 i 4 19 28 9 B 3 24 50 k47 b1 4
A AT LAA R il S AR i (Plasmodiophora bras-
sicae) & WA E 1 ARG (4 7 46 00, X Ik
Yl 7 K BT A AR B 0RT LA as ) 9096 A 1Y
A | CER T 5406 A 2182 i 2R 1 & GRO2 & L i
A2 W) R R RS IS 22 9 (Fusarium oxysporum f.
sp. niveum) A B R AT LLIK B 68. 24 961 1 SR IK
YL 28y A 1 rp 3 oM 21 R E 2R 96 A, 4R A R i ek D
40%6~T306"% o Koy 41 W E 2R 960 e i 2o I KA R
KN RM G Y G R W KSR
A5 AR W B0k SR I S AR b e e L TR Y AR
R OE A -1, 3 TROME I ok W AR TR T
(Fusarium) FUVBARRG CPythium) B 5 22K 41 il BE |, A

177 35 B 9 16 T G B A 2 R AR B AR, R AT
B E IR FR 5 B 6 2% RE ) F 5 R DL AR, AS B IR
AR T by £ e B A6 5 B IR 4% BT U, BN RS
Jit e FE A AN XN A LT 4R, RGEVEA T 40 8 S E Y
JZ-28 X 8 IR A 28 AR T R T BLG A #E
AT S 24 B BOR T, JZ-28 TE 2% 55 1 R AT
) 7 45 R BET 1 2% B AR W) By R T Y AR B B
T8, Sy A by 1 W e 2R A6 7 B 55 2 B F SR AR A T
2%,

T A= W B 5] T R ) O SRR X AR B
PRk, SR 24, DL R A P2 s oy TR bR TZ2-28 4%
G, B H BN HWE ). X EEA EK.
M A S BT R /NAZ 6 T 3R A W R A
i EUR 3R B S R AT 2 AR TEAR  BR T BRAN
AN R U A HABAE Y R B 4 o X T R
JZ-28 1 S5 3 e IR HEAT 1 R0 20 0 35 L 43 1) R BE B
MRSk, W — P kB T2 s =
A 8] B e o F AR A A P R ) AR L
F IR 22T (Cuscuta chinensis) , i 3%k 85% LA
L, VLK F-798° Bl i 358 KB 24 (Orobanche coerule-
scens) , B 78 5 S 3k B 95% LA 15 R BE BE A% 1
(Nimbya alterantherae) SF-193 H [8] X} 25 /0> 3% F #
(Alternanthera philoxeroides) W) 5 16 8 5 ik 2
67. 7" ; il & K Philombios 2 ) F I i 1 s JH B
(Colletotrichum gloeosporioides) s %% & AL A K 1 F
FF % 1) Biomal 0] 1 F By B [5 i 85 %% (Malva sinen-
sis) T WK CAbutilon theophrasti) 55 72 B 5 G A= )
I 5 590 AT el 2D - 3 G RO S m BT 2 1 KU A A 4
gl ) R B ARl AR BT 2020 A a5 AR (O T
I 1 S it A 24 6% 10 B Fk G (0 38 0 A HEAR it % 38 0 )
(R A (R 245 (2020) 78 5 ) W B 4 B A= W A 25 A A
P 2 o AL 33X — BOR  ) TR AE AE RE
W S K 03 A e, LT 318 08 R R S 4R
Fh o 33k 26 B 58 R0 B K B, AR ) R R R A AT
R, RS R

4 ZEie

AW FEIN B SR B 1 58 46 30T M R H o3 B
PR JZ-28 38 3 % HOE 38 22 R AR 5 4 1 A W 2
RE L W A oM Ry 2R IE SR 1 %5 (Clonostachys rosea) o
TR RO T R IR AR TR (A2 RO T B
4 DR A il I e 3R B R OO M O AR Ak B
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IR 70%0 Lh b, H A X RO T B B K Gk
100% . 24 T IT M 2 B H X £ oK SR & T Wi
SOF M MT BN 24, N RN 2 R IR
TR (LS G0 o IR AR K24 4 591 oAy L o 1 e R0V o
JZ-28 JEIIT K Ay 4 Fh 8 [ ] P 258 24 B 1) B 2E ) B
BRI 7, HLAE  TE A A X N RN TR AT B
RIFAEHHRNE A, IS A REREE
PEAUH RS o T — 2 B X B Bk JZ-28 1) Bl B 5
A TR AR B FIAIL R R0 LR T ] By 4R T T
HEAT IR ARG, % AR AR A T it 2% BE S A T A
I 71 7 o Ak AR A Al
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