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Abstract: [Objective] Three yeast strains with herbicidal activity were isolated for the determinations of their efficacy on
weeds and application safety on crops. [Method] In pot culture, the herbicidal efficacies of Strains 6-3, 12-6, and 16-8 on
Galium spurium, Elsholtzia densa, and Chenopodium album, the weeds of major concern in Qinghai Province, were examined.
A test on the application safety on crops was conducted in a greenhouse. In addition to morphological characteristics, ITS and
26S rDNA gene sequencing were performed to biologically identify the 3 strains. [Results] Seven days after treatment with
the yeast fermentation broths of 16-8, 12-6, and 6-3, the G. spurium plants sustained the injury rates of 90.17%, 87.50%, and
0%, respectively, with the fresh weight losses of 88.63%, 75.80%, and 9.41%, respectively; E. densa showed the rates of
66.67%, 75.00%, and 36.67%, respectively, with the weight losses of 56.90%, 62.72%, and 46.29%, respectively; and C. album
displayed the injury rates of 95.00%, 37.50%, and 25.00%, respectively, with the weight losses of 78.77%, 43.25%, and
43.46%, respectively. The treatments on oat, broad beans, barley, wheat, rapeseeds, peas, and potatoes were shown to be safe

for food consumption and crop cultivation. Strain 16-8 was confirmed to be Pichia kudriavzevii, 12-6 to be Kluyveromyces
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marxianus, and 6-3 to be Meyerozyma guilliermondii. [ Conclusion] Of the 3 yeast strains, 16-8 and 12-6 were strong in

inhibiting the growth of the weeds of major concern in the province and could be developed as natural herbicides. The results

might also lead to a broadened study on microbe-origin herbicides and related research.

Key words: Weeds; biocontrol strains; strains identification; herbicidal activity; crop safety
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W2 B, CARBEZEUIA S T B RE B 0 v AR AR
W RS, EEM TR kRENY, @
T 7P T R T HE AT 2% 19 R 7 T ) B £ AL 4R
M. LU e 1 S 1) S ] AR RS E 3 Rk R
XA | AR AL 3 AT IS AR g
(1 A 0 T R X i R AE W R e
P I % B 25 2 WL 45 4 ITS J¥ %1 )2 26S rDNA
JF 50 43 BT B 0 3 BRI R T I 4 2 b0, SRR TR
T A B AR W R IR, A% B T 2 B
v B % 5 R RS, T A 280 Al A 6
F G R, AT % 2 B 25 R AR A R Y 7 A R

nu\a

KIE .
1 MRS5S 7*®
1.1 il

ZREE . G ( Galium spurium L.) . AL &/ E
( Elsholtzia densa Benth.) . % ( Chenopodium album
L.) #F, F 2020 4R T 75 W4 RAPBL 2 B i 5 1
(36.724458°N, 101.750661°E ).

EW): M (m#e25 ), NE (BH38S ).
wT (FF135 ), FB (5EF 15). R (F4
11%5), Bid (FFE26%5) ME548E (HH9%5 ),

e B B K5 95 SR FH T B 02 MR R IV A 2 O R L
( Yeast Extract Peptone Dextrose Medium, YPD): [i#
H#100gL ", HHAM200gL ", B4 200gL",
G 20.0 gL s BERFE R BER A YPD WK FR 3,
1.2 TEESESE

K PR B U AT 15 43 25 V8 77 T IR P XU URUR
b+ 3 mE AT . B 90 mL JCH K BN 10 g K,
£ B R WE K R E 100, 107, WK
200 pL +HER B A T YPD 85 3R 3 L, A
REPRE 3 AEE . T 28 C Hi3E 3~5d G Pk
AR WA 7%, 78 YPD AR Falifbi 3331 4 <€
WA o
1.3 EEREBNBSEREKIFIE

Faifb RS 7 d, FTEGEYE ( B4R 0.5cm)
FFh %2 YPD WA SRR 5 (49 250 mL —ff )i 100 mL
YPD), F25°C. 180 rmin K3 7d, KB EL2S
TUEE 28 0.22 pm BUSLIE R B A o B 2 4 v o
BE M 1O, BB -S4 ik s
43 cmX25 emX 12 em fE &L, BEAL 20 Bk, AR
25 °C. SGHRJEM 12 L/12 D, FEAHNIREE 60%~70%
MR R, YK ZE 7~ 10 RS, B
100 mL & FRE DR B A /NS A ) JImA 0.5% i3 -80,
3 3 LA 250 mL-m WG T A% HORBR b, WS b B
JE R 2 AR BT BRSO E R . b
FEE AW, LLHBICE I AE R E-80 1% YPD #5371
(R IRV g %o B . T A B8 7 d J5 WL EE 2= B R i 1% 0L
SR [18] LR AT . B SRt e
7 d JE T 2 F AR E A R
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5 ¥ 1 26S tDNA £ P41, PCR SOWARZR (25uL): 10X
(5 0 = ﬁj;%‘*ﬂ@&‘z, 100 Sr lf?f] C Jifﬂilf?( pL)
A B PCR buffer (% Mg ) 2.5 uL, # #t DNA 0.5 pL,
o [ 2L 5 — b A 4 dNTPs 1.0 uL, b FUE514#54% 0.5 uL (10 pmol-L™),
T oy = (AT ATRARER o y ‘
Sof WA 2] it 5U-uL " Taq i} 0.2 uL, ddH,O #bE % 25 uL. PCR J2

14 BEBESBERGEFEVREMENE

W 1 B T bR R IR LA 250 mL-m 43 %5 T
3~4MHHM SRR . HR. BT, NE L HE . &
TR b, B FRO5 A D5 1.3, LUHEE YPD B3R
WHEAR T IR, REAb PR 4 K. 7 d SR THEEY 2
TGO, W A e R B, AR R I 5 R i
MR, 2B W7D BRIEY 2 H

%%Wﬁﬁv%=ﬁkﬁﬁzé§§ﬁﬁﬁxmo
1.5 E#tk 16-8 KBRS S AEME CBOR A XTI
B B BT

20% AFM AR LR FL I (L HE M IR A H )
Fe e 750, 375, 187.5 mL-hm ~ % & 3 4~
1 16-8 B Bk & B2 250 mL-m R FIALBE, L bE
16-8 & W Vi S R X B, g i A 1R 0 UK O A5 R
W, I 8 AN Ab B, ARALEE 10 Bk, AL PE 3 RE
2, BENLHES . FAE B 3~4 i B E AT W55 Ab B
ICSER R AZ FAEIR, 7. 14 d J5 R A R T B AL
1.6 BHHEE
161 BA$%x BHE YPD VM B8 5% 7 d B
BERR TR I AL, WG B A, O TR WA
TSI,
162 »FA4mx% %  DNARBCRA Ezup A 42
BOA & (AT TR (LE) RMARAE 1. 15
I ITS1(5'-TCCGTAGGTGAACCTGCGG-3") fil ITS4
(5-TCCTCCGCTTATTGATATGC-3) §'H4 ITS RH 7
%, FINL1(3-GCATATCAATAAGCGGAGGAAAAG-
3') Fll NL4 (5'-GGTCCGTGT-TTCAAGACGG-3") #"

N4 . 94 °C HiAEYE 4 min; 94 °C A8 455, 55 C
Bk 45s, 72 CHEMH 1 min, 30 MEHF; 72 °C ZEfH
10 min, PCR F=#JE17 1.0% B MEBEC LTk, £ &
A TAY TR (R KA R a #1705 .
I e FIF A5 5 1 72 NCBI £ 48 % w147 BLAST H X,
K H MEGA 7.0 4 LI4BIE S (neighbor-joining, NJ)
MERGE LB
1.7 BUBSHR

RIS K R H DPS 15.10 #4753 br, &
FPER R HIXR A [ (P<<0.05),

2 ZRE55H

21 BEESBERERBREED

LARAT 8 BRAS R A5 PN (00 () BB B, X B
AR B E R BEAS AT, L 16-8 K BN 4 ik
BB AR TR 05 E R 5 90.17% . 66.67%
1 95.00%, fif 5410 i 3 53 50 Ok 88.63%. 56.90% Fl
78.77%, 3 FhZRFLAYEEE AN T A A, R D&
(P<0.05) (£ 1); 12-6 FHEXT BRI . M ALHE
FIEE 19407 % 53 50 0 87.50% . 75.00% Fil 43.33%, Xt
G T (1) S A ) SR IR 75.80%, B A6 T S AAE I ik
AN H R 0 62.72% K 43.25%, 3 Flt 2 5 (1) fif
H5xt A, ¥EFBE (P<0.05); 6-3 FHEX
RO B AR B AL R 5 0%, 36.67%
M 41.67%, XF 3 PRt E AR 9.41% . 46.29%
Fl 43.46%, H i FIAE ) fif F S0 BEAE L, 25
AN (P>0.05), {H% 1 F 3 6 58T x4,
ZriE (P<005), N&NrEWEKE, 16-8 &

®1 IHBUEEREERN RELNEEKNMEIER

Table 1 Inhibition effect of yeast fermentation broths on growth of weed seedlings

FEPIR HAEE #
G. aparine. E. densa C. album
WPk
i 2 EE R fi RS ficf 7 i)
strain g o i fif A ) piEw o fi A1) i o fif B A1 )

Fresh weight

Injury rate /% Fresh weight /g inhibition rate /%
0

Injury rate/% Fresh weight/g

Fresh weight
inhibition rate/%

Fresh weight

Injury rate% Fresh weight/g inhibition rate/%

16-8 90.17 1.54+0.22 88.63 a 66.67
12-6 87.50 3.2%£0.12 75.80b 75.00
6-3 0 11.94+0.14 9.41c¢ 36.67
CK 0 13.1£0.23 0d 0

9.7£0.15 56.90 b 95.00 1.61+0.21 78.77 a
8.41+0.24 62.72a 4333 4.1x0.11 43.25b
12.1+0.31 46.29 ¢ 41.67 4.1%0.12 43.46b
22.61+0.15 0d 0 7.3%+0.15 Oc

[ FHl 5 AN A /NS 7 RER IR 22 5750.05 2. & /K (P<<0.05), #3~4[d,

Data with different lowercase letters on same column indicate significant different at P<<0.05, Same for table3-4.
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TR R TR VB Ko B R A 1 A R R E s T
12-6 F1 6-3 B AR K T, (H 12-6 B Bk & T TO6) 2% 46
T HE WA MG ZE S T 16-8 F1 6-3 Btk &
[

16-8 &b 35 Ji5 4 SR i 32 BURE IR S M RRIE /N L i
BMksk, RE R RES, Wo2-6 b5, #
URAE MR RN/ . MR RBMUR SR R E . EE
MR ZE T840 . JrBERUE D 6-3 KR AL 7 d
Joi o B o 3 BAE AR I SR R A =2 A O H A
AR, 10d AR FEREAERE, 4hEnE
(JE 1-A) o 12-6 Zb R AT 19 %% A6 7 75 AE MR I /)N
W25 T A BT AR 0 ) N S T, AR A AR R
B MEAAE/N, 10dEWIER LN . 16-8 43T
Xof B AE B RIS S 12-6 AU FEE . 6-3 4b
B A W SO /D, AR ARRG £E R B 12-6. 16-8 &b
PRELEE, 10 d DUR O F SR EA IR, B 48220 &
( 1-B) . 12-6 AbFRRE R BN 172 it 5 A B il
REAR, 174 BRI gRHTA . 16-8 Kb FREE R I HE
YRR/ 34N R A, 12 R EERGRE. 63
Qb PR IO AR AR B U N, MR G A R MOE
#, 10d UGIFERERECAIRE , dksmE ()& 1-C)

CK 16-8 12-6 6-3

CK 16-8 12-6 6-3

A: WL B: HEHE: C:
A: G. aparine; B: E.densa; C: C.album.
E1 3HESELBEYSHMRESEEKNIEER
Fig. | Inhibition effect of yeast fermentation broths on growth
of weed seedlings
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2 nl i, R BRI AWK 7d)5, 16-8,
12-6 WX HEA | /N HR. B B, WX
B AT 53, X VR i 5 5 bk 5 i AR
AN, RIHEY %4, 6-3 WkkXTHER | N HRE
FIMISE 4 Fp M ERAEY T F , X bk S fF 8
M, H A T B 5 e B X ek v A TR A I
T, 0T 2 T AR e R EE ) R4 5 12.73% Al
14.73%, X 8 5 Ak =5 R EF EE B0 3] Rl 10.69% Al
22.61% (£ 3),

R2 IHEBUEKRABENTEIENN R SR
Table 2 Effect of yeast fermentation broths on crop safety

#E WY BiE hE R W BRE

i:i*n Avena Vicia Pisum Triticum Hordeum Brassica Solanum
sativa faba. sativum aestivum vulgare napus tuberosum
16-8 NS LS LS NS NS NS NS
6-3 NS NS NS NS NS NS NS
12-6 NS NS NS NS NS NS NS
CK NS NS NS NS NS NS NS

NSEARTLAR:; LSKRARA WIS MSE R A ; SSER™E
T o
NS: asymptomatic; LS: mild reaction; MS: moderately susceptible; SS:

severely susceptible.

23 NEEK -8 AEMASSRMNE R BXE
FRIR G0 R B S E

16-8 T PR A T 5 1k 27 B3k 2 751) S8 Ui 460 S TR TR
FHWETE 48 h J5, A BSRn J t 30 3 58 R 40 A FE
AR, 72 h AR AR AL s B R e it b B 48 h
J& . REPOAR R TT R 1 B S AR, 60 h B R 4 i
A ELAGFE , 72 hE PR R A AL ST s &l 2 B
L AL SRR B 750 mL-hm R, 7 d B S RE
ARUTE, 16-8 T8 Pk & M5 U TR 40 & R TR Ak 2
I HAR 2E BRI PR AL BEAR EL S R 25
w, HBAEToMIRE, 14 dATHDEIRR N, 21 d i
MR EL A . I ETIL, 16-8 R K W S
SRR S0 2 T2 VR FH A 38 A L O T VAR P A A L
BB RS SEARE IR B 12 h, BB R Ak R
FIEL 5 d EFEHIHIRRE, R0 20% EHIMAL
MRl 7 d Ja . AE AR BT R g % fif 41 )
HIGTE 65% LA, BT 16-8 bk K AL 30, o
O H 85.19%, 50% Hl 25% #E 47 71 i 1k 2% B &
A +16-8 1A bk & E W R Y B0 2R 4 00 R
85.65% F11 83.05%; HFhJE 14 d, 20% A AL L R
FLIMFEHEFE R (750 mL-hm ) &b 3 S S 3 3k 1)
ik F 0 R ALA 79.42%, M FR T 16-8 B Ak K B AL
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Table 3 Inhibition effect of yeast fermentation broths on crops CHAL: %)
— A. sativa V. faba P. sativum T. aestivum
2]
strain IR ES eI ES NGRS S A 2 NGRS R IE S I REEUNIES S A 2
Inhibition rate of ~ Fresh weight Inhibition rate of ~ Fresh weight Inhibition rate of ~ Fresh weight Inhibition rate of ~ Fresh weight

plant height inhibition rate plant height inhibition rate plant height inhibition rate plant height inhibition rate
6-3 0.25+1.35b 1.08+£0.46 b 12.73£0.88a 14.73+2.43a 10.69%0.13 a 22.61+0.43a 0.17+0.31 ¢ 3.20%+0.17 a
12-6 0.53*+1.13a 3.71+021 a 0.03+0.39¢ 2.34+037¢ 0.05+0.29 b 0.44+0.40 b 1.26+0.57 a 0.58+0.31c
16-8 0.02+0.55¢ 0.04+0.16 ¢ 1.54%0.67b 5.71£1.66 b 0.16+0.67b 9.46x0.71c 1.160.17 ab 2.15+025b
R T3 LRE
" H. vulgare B. napus S. tuberosum
73
strain  PRE] fi 2 ) INSELEIES S EL A 2 R RS i A A
Inhibition rate of ~ Fresh weight Inhibition rate of ~ Fresh weight Inhibition rate of ~ Fresh weight
plant height inhibition rate plant height inhibition rate plant height inhibition rate
6-3 0.12+0.52 a 3.51%+037a 826+0.07a 0.01+0.01 a 0.20%0.55¢ 5.66+553a
12-6 0.01+0.17b 1.56+0.35b 0.13+0.15¢ 0.000.06 a 0.49+0.14b 1.58+13.57 ¢
16-8 0.07+041¢ 0.21+0.39¢ 2.62+0.33b 0.01+0.04a 0.68+£0.33 a 2.741+6.76 b

P EETNE]R N 89.65%, 50% Fl 25% HEZER| Ak
2 B R +16-8 B RR & IR VTR D 17%) 6 R 0 1 SR 43 ) A
91.61% #11 88.60%, XfEEEHAITHZ=AHral A, A

D 1

—

P2 B 5500 5 90 LA R B 16-8 T bk i I 9 T
B, eI, HAH 16-8 Bk A 5 1R
MALBRZ A L8, ZRARE (K4).

v

G

D: SN A ZBRIEG AR B SURMLA LR 50% R R F: SRS 2R 25% HEFE I G: SURME A0 2 BRHE 77 51 B +16-8 B K
KB He SR LR 50% HEFE AU E+16-8 WARAKRAG 1 SRS LR 25% HEFF TS +16-8 B AR A B J:16-8 MR A K: 3

TR

D: fluroxypyr at recommended dose; E: fluroxypyr at half recommended dose; F: fluroxypyr at 25% of recommended dose; G: recommended dose+16-8

fermentation broth; H: 50% of recommended fluroxypyr dose+16-8 fermentation broth; I: 25% of recommended fluroxypyr dose+16-8 fermentation broth

J: 16-8 fermentation broth alone; K: water control.

B2 BREFI 168 EHRME 7d WRERR
Fig.2 Efficacy of herbicide, 16-8 or herbicide+16-8 on weeds 7 d after treatment

24 HHBERE

241 BAFEZ WPk 16-8 78 YPD 55353k E LI
WV, WIE GRS, R T8, PR,
R, Bl hKAG (K 3-L), SR gk
EHCNEIE . IEE (K 3-0). ®#Hk 12-6 78 YPD
B F DR IS L, VR LGN, RiE Y

EF ORI AE (F3-M), BTN L iz
WEIEIE . WhEDE W) D % Bk E (K 3-P).
Wtk 6-3 76 YPD 3i 3R 5t F H A H 6, WKLz
HNEREY], WMAESEkE (K 3-N), iR E
MZWIEERETE . #EIE (K3-Q).

242 HFAEmgkr LI16-8, 12-6 fil 6-3 Bk K
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Table 4 Efficacy of 16-8 fermentation broth per se or in combination with fluroxypyr on controlling G. aparine
MESET d Ab¥fE14d
After treatment 7 d After treatment 14 d
pose] Fil&Dosage/
Treatment (mL-hm “+mL'm”) - EEIETES oE o AN
F I; ot/ Fresh weight F h’ ot/ Fresh weight

resh wei resh wei

CSIWEIBINE  inhibition rate/% FEME  inhibition rate/%
AR A ZBR M GEFEE

2.4540.13 1.5740.04
Fluroxypyr EC at the recommended dose 750+0 62.60b 79.42b
e 25l 3
S Z IR AL (S0%IMER I

3.02+£0.37 2.27%0.19
Fluroxypyr EC at 50 % of the reccommended dose 375+0 33.89 be 7025¢
V=== 73] - =
FALH IR (25%HEFETIED

3.5540.26 2.84+0.12
Fluroxypyr EC at 25 % of the recommended dose 187.5+0 4580 ¢ 62.78d
SR CBRAM GERTE) +16-8 KB
Fluroxypyr EC at the recommended 750+250 0.78£0.10 88.09 a 0.51£0.07 9332a
dose +16-8 strain fermentation broth
SR S LR+ 16-8 K
Fluroxypyr EC at 50 % of the recommended 375+250 0.9410.01 85.65a 0.64+0.03 91.61a
dose +16-8 strain fermentation broth
SR S LR +16-8 K
Fluroxypyr EC at 25 % of the recommended 187.5+250 1.11£0.25 83.05a 0.87£0.20 88.60 a
dose +16-8 strain fermentation broth
16-8 K F# i 16-8

. BB . 0+250 0.9740.13 85.19a 0.7940.11 89.65 a

strain fermentation broth
TE K
AT 0+0 6.55+0.39 0d 7.63+0.25 0e

Water control

.

L: l6-8 W IBd (k, IEW; A, RME): M: 12-6 Bk
0: 16-8 TR P: 2-6ITHAE: Q 63THE.
L: front-view of 16-8 colony (left); back-view of 16-8 colony (right); M: front-view of 12-6 colony (left); back-view of 12-6 colony (right); N: front-

Q

B (&, IEM: A, RMD: N: 63WKES Ch, EM: A, RIE);

view of 6-3 colony (left); back-view of 6-3 colony (right); O: morphology of 16-8 spores; P: morphology of 12-6 spores; Q: morphology of 6-3 spores.
E3 SEEREEESREATERUER
Fig. 3 Colony morphology and microscopic images of 6-3, 12-6, and 16-8 spores
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DI AR, X 73 B R BR (19 ITS B2 26S rDNA JE [
BritAy PCR Y 44 507 . #E—PHkEG ITS, 26S rDNA
BERFIMERGELER, SRR (K 4), Rk
16-8 5 Pichia kudriavzevii it F 2 5 & B H # 6] — B
INGY ST, B AR 12-6 5 Kluyveromyces marxianus Ak

64

RGERKBWINFE—I/Nr 3, Wk 6-3 5 Meyerozyma
guilliermondii #b T R G kK B W [F] — e /Nr 32 .
16-8. 12-6 1 6-3 J¥ 4l f£ NCBI = BLASTHEAT [] Y X
W, JFESGIRAE =g ot 16-8 S5 Jy 4 HL o
27 LB IR BE (Pichia kudriavzevii ), 12-65 5 70 8

Wi 2% J SE R B BF Pichia kudriavzevii MT157508.1/MF631057.1
[i] 2% J3 Fe AR IR Pichia kudriavzevii MF685423.1/MF399024.1
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