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Biological characteristics and pathogenicity of the biocontrol
fungal strain NX1 for Echinochloa crusgalli
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Abstract: [Objective] Echinochloa crusgalli is one of the major noxious weeds in China’s
farmlands. The long-term use of chemical herbicides has caused eco-environmental problems,
such as the enhanced weed resistance and environmental pollution. Therefore, it is urgent to
develop environment-friendly high-performance herbicides. [Methods] The strain NX1 was
identified by tissue isolation, morphological observation, and molecular biological methods,
and its pathogenicity and influencing factors were studied by multivariate statistical analysis.
[Results] The strain was probably a new species of Curvularia. It can grow and produce spores
at 25-30 °C and pH 5-11, with the highest sporulation quantity at pH 9 and 30 °C. Although
light did not affect the mycelial growth, continuous light was conducive to sporulation of the
strain NX1. The strain NX1 can grow with different carbon and nitrogen sources, with the best
utilization of corn meal and sodium nitrate. The laboratory biocontrol experiments showed that
humidity, leaf age, light duration, and spore concentration significantly affected the
pathogenicity of NX1 strain, among which humidity was the key factor. The crop safety test
showed that the conidial suspension of the strain was safe to rice, rape, capsicum, and eggplant.
[Conclusion] The strain NX1 has low requirements for environmental and nutritional
conditions and is suitable for industrial production and field application. Therefore, it has the
potential to be developed into a bioherbicide.

Keywords: Echinochloa crusgalli; Curvularia; pathogenicity; crop safety
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% 4% ¥ % 4k 1 [Colletotrichum gloeosporiodes
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PREIBFR BRI R (HIR A LAY
A= W R SR AR T,

AR 5 v R AR 0 B0 Il A ) 2 B A P B
FIEERUR, B H S S LR A s 2 n
— R A PEHGE B H SRR
MRE . D BEAR R L, e
R RS ; HUR ARSIt 5 A
AR (A oA B R O LR A D R O 2 S A 9 114
TEARRT D, AR R IR G LA A |
1 SBT3 00 T S X R R B 1k R
HA BRI P22, Ry T ik — e
AR TEBEIE, ASBIEE 1A AT A e 4 A e
MR 202 B | e B — RS B0 1 TR AR
NX1, LETE S22 EE R o+ T W
IR IR 2EE A, IR NXT R A
Pyt | AEBRCR R ESERREY) & A SR
WA R B A R B R S5 e e 8O 45k, IR S
SLMEL AR YD IRBR BRI FE AT T B S EE Al

P

1.1 &
PR . BRE NX1, 405 A BN s
I I AR SRR S R A

MURT S IR AL . 30 g BrEF BRIt iyt
W, Bk 20 g, RETRKERE 1L,

Ly 4% B A 75 B Ui 8% 5% 5 (potato  dextrose
agar, PDA): £ 445 200 g, #iZiHE 20 g, B

fE 20 g, B F/KIEMIFELR 2 1 L,pH 7.0,121 °C
KA 20 min.

SIS HIREN 3 g, BRIRAE 4 1 g,
TRIREE 0.5 g, SALEN 0.5 g, L/AKEHIRTE 0.01 g,
FEHE 30 g, BiflE 20 g, BSFKIEMIFESR R 1L,
121 °C K& 20 min,

1.2 BEHkREE

TEAS M E  FER PR NX1 T PDA K537 3% |,
28 °C REHEESR 10d, WEHCRHFEHR LS. 1
WA 200 pL REZEZSR 70 °C MIBLE AR IR
TR R b, W50, AR HgE
[E AR/ R 15 mmx15 mm, JEEZ) R 2-3 mm
FIBNE Ty e, PRI T PRI 1 B 22 A T 3R
Horbroe KB R O R I R AR ORI 9 R 5%
M, 28 °C MIEHFE 2 dJ5, FEF B issm
G S AN A 31 7 e e e U | P S SR (1A e B
M, R CPEEREE) SRR T E

Oy TP E R N kit = LR AL
£ (cetyltrimethylammonium bromide, CTAB)#: #2
U R NX1 A4 2L H 20 DNA, 235 A5 14 1TS1
(5'-TCCGTAGGTGAACCTGCGG-3")Fl ITS4 (5'-
TCCTCCGCTTATTGATATGC-3")i#17 rDNA-ITS
X P34, A5 GPDI1 (5-GCCGTCAACGACCC
CTTCATTGA-3")Hl GPD2 (5-GGGTGGAGTCG
TACTTGAGCATGT-3")#£4T GAPDH JL[H 51 |
LIS % EF1983F (5'-GCYCCYGGHCAYCGTGA
YTTYAT-3")#1 EF2218R (5'-ATGACACCRACRG
CRACRGTYTG-3') #17 TEFl-a JEHY 3,
PCR JX MK Z U F . 2xTag PCR MasterMix
20.0 pL [RARAEARHE AL ) A RA ], 1Em 5]
$J(10 pmol/L) 1.0 uL, &[5 |4#)(10 pmol/L) 1.0 L,
DNA ##z 2.0 uL, 7l ddH,0 #hE 2 40.0 uL. 3§~
BFFANTR . 94 °C 3 min; 94 °C 30 s, 58 °C
30s, 72°C 1 min, 330 MEH; 72 °C 5 min,
PCR F=¥alifb)q ik 24 TAY TR ) B
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1.3 SIF4FHNE
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AR . BRI AR, 28 °C 1EEL . RmEE:
7% 15 d Ja P+ se SOl i v BAR, Ekit
okt EoE . FRFMEENT: (1) b
B 24 h HELEEERE . 12 h BBIEE/12 h YEIRASHE
24 h BEEOEM; (2) WRE: 15.20.25.30.35°C;
(3)pH: 5. 7. 9. 11; (4) BRIR: LASKICREFRAE
AR SR AL, A TR ARG R R A . AT
PEVERY . B FNH BRI AR, DA Ina)s
ISR IREEFRILAE X IR (5) & DASEIREE SR
FOh R SR, SRR ECRIR(RER).
THIRAN . SRR GRS AL E O RS TR B
DAIAS IR IR A 52 [R5 35 B4 S v BR . R4 3
525,
1.4 EmMiRLE

il B PR 45 B PRIERD T PDA
B, 28 °C. MBEHEFR 14 d, {1/ 0.05%0, ik 80
TC KRS AR R TH A AR RS
TEKE =ML, 75388 55 2 K TE R RS
MRiEA Tl ug, LA BRI Eob T4k, o 16
TRRHCRE o DINRRE | BRI | SRR [a] F

x1 EXAERITR

Table 1 Factors and levels of orthogonal test

WP RN E, &I 4 RIE 3 KF 9 AR IE
AT (F 1) A0 FRIBTE 20 mL 1) NX1 14
TR, 25 FARTBEIBE i 0.05%0 i 80, 4b3 10 d
Je WREE L REAF PR (1) s 1 O, I s il ey e
b 3 AN EE
1.5 {E¥=£Mie

Rl 45 1R NIXL BRI (5.0 10° 4~/mL)
WG T 2 PROKAE . TR . BURURIAR AR R I
20 mL/%E, DIMEHAEEEY 0.05%0t i 80 1E M7
FIXT AR, A0 10 d J5 WA AR R 9 A g 15 100
1.6 BRSNS

H I P RAF A NX1 B #ER) ITS . GAPDH Al
TEF1-a 415 GenBank H1551 4T BLAST Lt
XEor T, WEECRN IR R AR T I N S5 Y
51, S Kee P50 MEGA 7.0 84 HR
FH4BIT 1 (neighbor-joining, NI)#J# RF K W .
ITS .GAPDH #l TEF1-a J¥51 E. #2538 & GenBank,
#sk5 A OR037386. OR085376 £ OR085377.,

M SRR B S RARMEAN R : 0 9 M AT
AIREE s 1 50 i v EARIERE R0 5 2 - 1/3-2/3
MR 2ats 3 9. 2/3 LB RIEAE; 4 9 H R4
R, Fe AR DI EETE R, AKX Q@)
SRR, H ARG E %

Treat Combination A Humility (%) B Leaf age C Light time (h) D Spore concentration (spores/mL)
Tl AB,C,D, 55 1 leaf 24 1.0x10°
T2 AB,C,D, 55 2 leaf 0 5.0x10°
T3 A B;C3D; 55 3 leaf 12 1.0x107
T4 ABC,D; 75 1 leaf 0 1.0x10’
T5 A;B,C3D, 75 2 leaf 12 1.0x10°
T6 AsB;CD, 75 3 leaf 24 5.0x10°
T7 AsB,CsD, 85 1 leaf 12 5.0x10°
T8 A3B,C D, 85 2 leaf 24 1.0x10’
T9 A3B;C,D, 85 3 leaf 0 1.0x10°
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O B Rk = — AL FRR R / X IRER R X100 (2)

i B A1 R (%) =

O R B — Kb PR ARE ) / X IR EE <100 (3)

RIS EH K A Microsoft Excel 2010 Fl DPS
(VoS A B AT e it o A, e/ 8 2% 22 8K
(least significant difference, LSD)IE#H 1727 B
FER L

2 BRS04

2.1 EHREE

PR NX1 7E PDA 3555k BisfbiE R 2d e
A NEE NRG, PR RERZ, WEHZ4
Oy, T KA 2-5 M BT, BEB6.
ST EA 3 ANEEBIRNIRE, AISREE
55 3 ARG, HEL R R, K 12-15 pm,
F& 6-10 um (& 1), WITE AP % E FHK
NX1 N1 )& (Curvularia sp.).

KA ITS FFA0AS REAR U1y 25 22 2 Fh | R AR
IR 200 ST 9 Wi @ R G R B B R
FRNX1 4 ITS 5178 NCBI _F 47 BLAST Fb Xt
& BLZ W Pk 58 4 46 7§ (Curvularia lunata)

1 ERER NX1 B SYHE
Figure 1

MF170673.1 M [al it fe s, AHUME A 99.31%;
I B R NX1 [ GAPDH J# 41 fl TEFL-oc 5571 4351l
5 Curvdlaria plantarum MT628902.1  #l
MZ224022.1 [RlEYER R, AHRIPER 99.27%FI
99.67%. T ITS-GAPDH-TEF1-a ¥4 % H
SR B, B BOR R NX1 3l — 44032,
I 5 HA B A S R AR SRR — il , R WX
PR T BB R 2 H e o AR (1A 2)
22 EYEREY

Bk NX1 7E 25-30 °C H 224 Kl 15d
5 RS BRIk E] 8.37-8.40 cm, B T H AR
FE 7E 20, 35 °C WAEKKL, WisHREM
A 8.18, 8.20 cm; 7E 15 °C WA KEKE, HIK
HAE K 7.18 em (% 2). 7£ 15, 20, 25, 30, 35°C
FEFRmT, ARERA> 5h 0.17x10°,14.33%x10°,
30.50x10°, 50.38x10°, 1.72x10° 4~/mL, Hh
30 °C j i 125 i T HA IR B2 B 55 1 i
ZE LRk, 30 °C fidi NX1 B RAE KR4 .

itk NX1 76 pH & 5-11 # PDA ¥ |3
ALK, 15 d 5 Wi ARk E) 8.33-8.50 cm,
F ] pH X R NX1 AT 22 4 K2 A/ MR 2) .
FEpH A 5. 7. 9. 11 833k b, 750k
7.33x10°, 3.39x10°, 9.67x10°, 6.67x10>~/mL,
Hrb pH o 9 B R . UL, 7E pH
9 IBEFR AT A FIT NXT bk ™.

Morphological characteristics of biocontrol strain NX1. A: Conidiophores and conidia. B: Conidia.

http://journals.im.ac.cn/actamicrocn
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2 ET ITS-GAPDH-TEF1-a F5H9 HIE# NX1 AKX BN

Figure 2 Phylogenetic tree of strain NX1 based on ITS-GAPDH-TEF1-a sequences. Numbers at nodes
indicate levels of bootstrap support (%) based on 1 000 resampled datasets, and only those branches with
greater than 60% bootstrap support are labeled. The accession numbers of ITS, GAPDH, and TEF1-a sequences

were indicated in parentheses.

FEFESECIE | LR R | 12 h GRS B &1
THiFR 15 d, WEFHEAS N 8.50 cm, L
FFHF(FE 2). 16 24 h EEOLMAT T, Hik
NX1 H7F il 451.11x10° 4~/mL, B#F 5 T
ZERME . 12 h GRS S5 T By fi e o H ]
W, SRS BRI R 22 A K, (HE 2k
WA FF NXT H kR

NX1 BARTE 5 P[RR FR AL T
HRREME A, (A [l B U 9 R R BEAS [
oK R IR B PR A A8, 53R 15 d
JEREVEEAR N 7.77 cm, BFACTRZ0 . Al
PEVENT | T 58 B RN AR Ay B 5L T T ok A K
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Table 2 The growth rate and spore yield of strain NX1 under different culture conditions

Factors Value Diameter (cm) Concentration (10° spores/mL)
T/°C 15 7.184+0.20c 0.17+0.12d
20 8.18+0.05b 14.33+1.40c
25 8.37+0.05a 30.50+3.00b
30 8.40+0.00a 50.38+2.50a
35 8.20+0.00b 1.72+0.83d
pH 5 8.33+0.08b 7.33+2.12b
7 8.50+0.00a 3.39+1.05¢
9 8.50+0.00a 9.67+3.49a
11 8.50+0.00a 6.67+2.09b
Light (h) 0 8.50+0.00a 42.50£13.69¢
12 8.50+0.00a 121.67+35.12b
24 8.50+0.00a 451.11+83.36a
Carbon Glucose 8.08+0.05a 30.0040.00a
Soluble starch 8.3040.00a 30.00+0.00a
Corn meal 7.77+0.29b 43.89+15.96a
Mannitol 8.27+0.14a 10.83+4.92b
Sucrose 8.23+0.05a 10.00+4.08b
Carbon-deficient 7.38+0.26¢ 34.44+11.30a
Nitrogen Sodium nitrate 8.22+0.04b 1.85+0.81a
Peptone 8.50+0.00a 0.23+0.06b
Urea 8.15+0.10b 0.884+0.25b
Ammonium sulfate 3.85+0.15¢ -
Ammonium chloride 3.80+0.11¢c -
Nitrogen-deficient 8.50+0.00a 0.03+£0.01b

Data are means=SD (n=5). Different lower-case letters in the same line show significant differences of the mean by LSD test
(P<0.05). —: Not detected.

3 AEKIRA). RRB)FHT NXI EEEKES

Figure 3 Growth morphology of NX1 colony under different carbon (A) and nitrogen sources (B). A: 1,
Glucose; 2, Soluble starch; 3, Corn meal; 4, Mannitol; 5, Sucrose; 6, Carbon-deficient. B: 1, Sodium nitrate; 2,
Peptone; 3, Urea; 4, Ammonium sulfate; 5, Ammonium chloride; 6, Nitrogen-deficient.

http://journals.im.ac.cn/actamicrocn
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AWFTEEEI TR . R BRI AT
W 4 MRER, RITERIRIEEEA N E X NX1
RIRREORTE R . 258 24 NX1 fFATF
TRt AL PR R R I AN R R ot . 45
S PRRETETE SN T 31.77-62.53 Za), Hh T7 4b
FR85%IMEE . 1 MBI | 12 h JBmEscE . fil+
W 5.0x10°/mL) Bl i, i i T A Ak B

®3  NXI EREERRGENR

(3% 3) A AR PR 25 B ASOR S B B AR T 10%,
FHINX AR R Rt R K AR5 N

M 2T Rl AR 4), B . B
I R] | R P TR - e 350 % 1 s 50 A
35 S (P<0.01) ;LR I 0 4 - e 5 % ke
AW R (P<0.01), 15 BE 1% BE S ) %
PRis TG 52 I (NS) s MR RE . JGREETE] . BRRL
I R0 I 8 349 o) fif ) TG {25 I (NS) o

Table 3 Control effect of strain NX1 on barnyard grass

Treat Height inhibition (%) Weight inhibition (%) Disease index
T1 1.56+1.25b 2.37+2.75ab 34.36+2.61¢
T2 2.34+1.80b 5.3943.35a 44.95+3.47d
T3 —1.50+1.06¢ —5.02+9.64b 48.25+0.65¢cd
T4 0.47+1.28bc —0.25+7.04ab 31.77+4.70e
TS 5.61+2.03a 7.55+2.58a 49.28+5.02cd
T6 1.08+1.25bc 3.48+2.32ab 53.55+1.84bc
T7 2.12+2.95b —0.94+9.60ab 62.53+4.51a
T8 0.25+1.12bc 5.26+3.37a 53.41+1.28bc
T9 0.14+0.90bc 2.69+2.26ab 56.23+2.26b

Data are means=SD (n=3). Different lowercase letters in the
(P<0.05).

same row show significant differences of the mean by LSD test

*4 EXREHFESH

Table 4 Analysis of variance of orthogonal test

Variables ANOVA Humility Leaf age Light time Spore concentration

Disease index Sum of square 1151.06 443.75 385.69 417.24
F value 53.35 20.57 17.87 19.34
P value 0.000 1 0.000 1 0.000 1 0.000 1
Significance *E ok ok *x

Height inhibition Sum of square 14.72 35.89 7.32 36.16
F value 2.75 6.71 1.37 6.76
P value 0.090 5 0.006 6 0.279 5 0.006 5
Significance NS Hk NS ok

Weight inhibition Sum of square 32.47 193.58 46.86 81.43
F value 0.518 3.088 6 0.7477 1.2993
P value 0.604 3 0.070 3 0.487 6 0.297 1
Significance NS NS NS NS

**: P<0.01 extremely significant difference; NS: No significant difference.

<l actamicro@im.ac.cn, & 010-64807516
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MR 5 ATE Y, & R X bR NXT 7R
R IE TR BCE mIT R O BRE [E] (C)> 46 F
W B (D)>T8 B2 (A)> B % (B), X T EE (A)
IR, k3>k2>kl; X FHUE & (B) K 2 i
&, k2>k3>kl; X FOLBE M C)EEIMF ,
k3>k1>k2 ; X FH FW®EO KM RMF .,
k2>k1>k3, LR NX1 SRR 6 15 TR B 52
a5, R AEROR A E N AsB,.CiD,, BITE
. 8S%IREAMT, DIMIE R 5.0x10° 4~/mL
AR TR T 2 PR & I ER S R
PRONX1 SRR b R ATy . R
(D> (B)>FERE R R (C)>IRJE (A) o X T
FHHBB)N RS, NX1 Eikh k3 ik it

x5 WMESWERERRAES

FHRFEREDO)HEEM S, NX1 KR k1 Bk,
GG IR, MR AERINE, &iEd
A4 ABLCDy, BIRAIVREE N 1.0x10°4~/mL AT
RIFRS T 3 R, S I ER IR NX1
Xof R g A1 ] 58 A L A AL I 48 (B>l HE
[H(C)> TR BE(D>IREE(A), 456 T 22500
BRRITC
24 EYIREMSHH

IKFE ., SR . RS NX1 1 TE0F
WP, FHETCAEMIAS RN, FEREM R AR D
NGB 5 EARRIEBSEEEE, RETRECY
0, HXMEWMELERKTTMHIERE 4). xXE
HH NXT TRRRRT KA | T BRI e 4

Table 5 Range analysis and optimal pathogenic combination

Variables Factor k1 k2 k3 R

Disease index A Humility 44.07 44.78 54.42 10.45
B Leaf age 44.59 51.48 47.20 6.89
C Light time 51.49 38.15 53.64 15.49
D Spore concentration 47.12 55.41 40.75 14.66
Factor priority C>D>A>B

Height inhibition (%) A Humility 0.97 0.22 1.25 1.03
B Leaf age —0.38 —-0.32 3.14 3.52
C Light time 0.06 2.91 —0.53 3.44
D Spore concentration 3.64 -1.05 -0.15 4.69
Factor priority D>B>C>A

Weight inhibition (%) A Humility 0.88 —0.44 —-0.01 1.32
B Leaf age -1.95 —0.78 3.14 5.09
C Light time —-1.06 2.75 -1.26 4.01
D Spore concentration 1.97 —0.84 —-0.72 2.81
Factor priority B>C>D>A

k: The sum of the indicators at each level of each factor; R: Range.

http://journals.im.ac.cn/actamicrocn
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B4 NX1EHRSEIZEEITFN
Figure 4 Safety evaluation of NX1 strain on crops.
A: Rice. B: Pepper. C: Rape. D: Eggplant.

3 WwE5&#

IR ZHEBUME SR ERE R A Z
[ B2 J& H 2 I, XA FH 2% B 97 By J 77 LK
W, BEET 1S . R T AT R R R
FaFEEEER, MUEYIBRER R RIR R,
NGy ISR B X AR RS AR AR X 2 4 | 3R
e R BRER DR e LA, O AT LA 2
SRR LA K BB K 1 T5 R P

ABIESE P B R i B g3 B B — R s 3K
WTETRE R , 20 S22 o5 S8 NS & L ITS
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