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Development and Evaluation of Biocontrol Agents Against Panax ginseng Root Rot
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[Abstract] Objective: To develop safe and effective microbial agents against Panax ginseng root rot.
Method: P. notoginseng endophytes were screened in plate confrontation tests, followed by morphological and
molecular biological identification of antagonistic strains, optimization of strain fermentation conditions in a
single factor test, and determination of optimal carriers and auxiliary agents of the microbial agent and their ratio
using response surface methodology for formulating the production process. The prevention and control effects of
the microbial agent were verified in the confrontation and pot culture experiments. Result: The plate
confrontation test yielded a strain named Fusarium pseudoanthophilum with significant resistance to root rot,
and its antibacterial rate was 53.33%. According to the single factor test, the fermentation conditions of F.
pseudoanthophilum were determined to be fermentation time 60 h, fermentation temperature 26 °C, speed 120 r-

min”', and pH 6.5. The response surface optimization results showed that the number of viable bacteria reached
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the maximum (5.23x10° cfu-g') when the peat was 60.00 g, sodium carboxymethylcellulose 3.50 g, and
sodium alginate 4.76 g. The influences of carriers and auxiliary agents on the number of viable bacteria were
sorted by degree in a descending order as follows: peat>sodium carboxymethylcellulose >sodium alginate. The
confrontation test results showed that when the microbial agent concentration was greater than 1.00 g-L', it had
a significant inhibitory effect on the root rot pathogen F. oxysporum and the inhibitory rate was more than 42.3%.
As demonstrated by the pot culture experiment, the inoculation of biocontrol agent for 28 d significantly reduced

the incidence (66.99% ) of root rot in P. ginseng seedlings and disease index (61.69% ) and increased their leaf

length (33.04%) and fresh weight (34.48%). Conclusion: F. pseudoanthophilum inoculant is efficient in

preventing and controlling the root rot, making it worthy of further development and utilization.
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Fig. 1 Strain screening and identification of Panax notoginseng

(x100)

i A WAL, N A2 B RF-21 75 PDA B 57 4
28 CHi 2 d KR WI AR 22, 22 R B i 2 &
WV B IR 3~ AR R L E R R A BR
WG B R, WIE 1B, i
B WLEE A AL R RF-21 (19 /8 B3 A 67 R 22, B )
W BB ; Ko A A7 i J)E SR AR, A
A0 2~5 B8, 280 3R AR R A A B AR A
KL ILE 1C, 2 AR5 & T I8 i 5w E &
SRR X 2 R AR AT X LU, W 20 S Ry i T TR o

T % E 4 R R W, RF21 5
F. pseudoanthophilum CBS 414.97 ( % 5t 5 NR_163
682.1) # ML JE K 98.26%, M # RF-21 F
F. pseudoanthophilum CBS 414.97 1£ & 5t & & W [F
— Oy 3, B A W BB 3 RR AR %8 8 AR RF-21 R
F. pseudoanthophilum , W& 2,

66 [ NR_164593.1_Fusarium_arcuatisporum_CGMCC_3.19493

80 [INR_164596.1_Fusarium_ipomoeae_CGMCC_3.19496
9 ||NR_164597.1_Fusarium_hainanense_CGMCC_3.19478
100 NR_163754.1_Fusarium_pernambucanum_URM_7559
NR_163682.1_Fusarium_pseudoanthophilum_CBS_414.97
?L,— RF-21
95 INR_163683.1_Fusarium_pseudocircinatum_CBS_449.97

NR_160076.1_Neonectria_magnoliae_CBS_380.50

NR_163555.1_Neonectria_shennongjiana_CBS_127475

NR_166285.1_Xe ium_br

um_MFLU_16-1204

NR_168211.1_Cosmospora_aquatica_MFLU_15-0072

Penicillium_chermesinum

0.050
El2 Bt RF2VMITSFIIRREREREN
Fig.2 RF-21 and ITS Sequence homology phylogenetic tree

3.2 A B BRIE ELRY K BEAS PR G o B
W ¥k F. pseudoanthophilum 1% W B0 5 B[] | %5 3 |
WA pH B X &R, B E KIS " Ok B R
F. pseudoanthophilum 1% T % i 2 35 7% I5F 0] 719 185
T 335 1 (24~84 h) , 4 15 % 6 [0 >60 h i , 3 11 2508 il
et NI 1E B 60 h Oy B 3 kN (E] UL AT 3A . 2
T BE>26 °C i, I T H08 T 58 7€ 1 50 9 /b, B
26 °C N feidi B FR M BE , WL IR 3B, T T 4R Bl e 4
ST H0(0~120 r-min™) , 45 #>120 r-min" )5 , 1%
WAOE T, 3R TAERCR LR 120 romin 2h
el P I A W B L UL IRl 3C . 1 T AR R pHL Y 3
FIEIE N E D, 2% pH R 6.5 B, 3 B BB i
St KAH, A L6 B 6.5 O fi 38 1) 9 1f & 1% pHL, L[]
3D. L5 EH Bk F pseudoanthophilum i ‘B & %
FAF D9 KW B 26 °C , K WIS (6] 60 h, 15 I7 1] 18] 5%
# 120 r*min™,pH 6.5,
- 185 -



5528 B4 2 W) FEXEAFIFERE Vol. 28,No. 2
202241 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2022
1x10° B a a a
1x10°
b
1x10% 1x108}
1x107
c
1107
1x10° -
né 1x10° . L L L L L 1x108 L L L 1 L
;é 24 36 48 60 72 84 ——9r——— 95—
t/h
E 5x108 1/C
. a a 8x10°T
4x108 | 7
6x10% |
3x108
b
410
2x108
IESTILE S 10T
0 100 200 300 5 6 7 8
#£55 fromin ! pH

A. BF[E] B L C. 7 DL pH; ARG TR IR P<0. 05

3 ¥k Fusarium pseudoanthophilum TE EEZ &MU T EKME (5+s5,n=3)
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Table 1 Single factor investigation of carrier and adjuvant (x+s,
n=3)
uEs EA s R (x10%) cfu-g!
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Table 2

and results

Box-Behnken effect surface experimental factor levels
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Table 3 Analysis of variance of regression equation
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20
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1
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3
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B 0.62 1 0.62 7.68 0.027 7"
c 0.57 1 0.57 7.07 0.032 5"
AB 0.012 1 0.012 0.15 0.709 3
AC 0.060 1 0.060 0.75 0.4157
BC 0.002 5 1 0.002 5 0.031 0.864 9
A2 0.11 1 0.11 1.31 0.289 3
B 0.67 1 0.67 8.36 0.023 2"
c? 0.20 1 0.20 2.47 0.160 4
B 2% 0.56 7 0.080
AU 0.32 3 0.11 1.82 0.283 9
ali 15 2 0.24 4 0.059
B2 11.10 16
R’ 0.949 4
R, 0.8843
R’ 0.499 4

1.V P<0.05,2P<0.01,

{BL IS, 28004 Bl 70 IC LE 43 50 Sk 244 60.00 g, 43 HIH
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Fig. 4 Response surface three-dimensional diagram of interaction of two factor
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Table 4 Diameter of pathogetic fungi in antagonistic experiments

with various concentrations of inoculum (x+s,n=3)

4157 /gL Rk ER M /%
yE| 5.13+0.42° 0
gl 100 2.44+0.12° 52.4
10 2.63+0.22° 48.7
1 2.96+0.35" 423
0.1 3.45+0.13 -
0.01 4.30+0.24 -
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T 7] 5 Mk B 7E 1.00~100.00 g- LB, 9 J5E 1 19 1
£ 2.44~2.96 cm, I B R 1 42.3%~52.4% , % AN S 1R
Ji 995 DA R 60 55 U0 DA A S A A B R A R . M T
JE R 0.01~0.10 g- LB, P AE B80T 9 it v G 47 bt 1
FH L 38 BRI R 0T AV R R 1.00 g+ L

352 AAHRXBHUE 8 AR B R 8 E Ak
Bl B 351 % AR T 97 0 AL T I Bl TR R L L2 5.
T AR AR T A S A K, 4wt

x5 BAMASREBHHEIEERBIM (X£5,1=36)

A. 100 g-L"';B. 10 g-L";C. 1 g-L";D. 0.1 g'L"; E. 0.01 g-L";
F. %51

B5 R X R B RS0

Fig. 5 Influence of different concentrations of microbial agents

on pathogenic bacteria

R4 bk fif EE IS S TR A N Y A B AL 43 )
$ET T 33.04% 1 34.48% . i J5 B Ab B AL K0 R
98.09% , i 15 & % Hy 41.50; 4F 5 18 77 + 55 J5L B Ab 2R
2 R R 32.38% , IR T T8 £ 1591, R A
Bl TR B AR T N 2 4l i AR 0 1 kAR LB TR AR
61.69%. 45 A FRKU] LB WA A SR A K
ELAG B 9 AR A XU AR o

Table 5 Effect of microbial agents on prevention and growth of ginseng root rot(x+s,n=36)

JGE KR Y% 9 17 46 5 i I6 5 /% B /em 4 /em fitf i /g
2 H - - 5.34+1.14° 2.06+0.03° 0.17+0.01°
LA ) 32.38+1.17° 15.91+0.69° 61.69+3.21 7.15+1.35° 2.59+0.03" 0.23+0.02°
A W 98.09+1.16" 41.50+0.63"

3.6 EMAEIEE FHEBINHAGERRGKER
F W R ) T E A A AL A A EE R ER R A S A
UF o AR PR R N B SRR X (ITS) P 91 5 A S
MR BR A R A5 1 3 T ITS 1§ 38 7 808 AT T 1
X5, A0 PEAR X B bR TE N SR PR @ 508 01 . %8
HOWHE T BN R B {H E-value<e'", identity>
98%. ZER KW, TE NSRRI 5 696 MMz
S BIGC(OTUs) 1, 4 241 4 OTUs 5 A B 57 vp %
E W Bk F pseudoanthophilum B % V) ) 26 % 5
G A BIF 5 7 S Y TR R AR N 2 AR BR

14 7 B TS 1 BRI A
4 itig

A TR — S U SR Y T R 2
P Ry A AR h o B 19 ) S8 KRN AR T L A 19 Bk
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2 A Ak G B AR A 2 R0 A B G AR G, R A v
7 BR T Ak i PR BE BR T ARG 2 B0 VR B2 (IC,,) <
10 wmol- Lo P I 35 T P 2B T8 Ok JstBE Y A ) 147 57
W AT WET 5. AR DM =L NER
SR RE 38 s S A X IR 6 7 2 AR R O DL T A A
VLE R F. pseudoanthophilum , % B ¥k XT BUR & 19 70
PR %35 53.33%

T AL E A 2 AT TR A BORL SR FH L B
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RO LA T R bR Y & B AR R T2
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BRI RS % 2% A 52 ) TR R L O 3 A ) 20k R B 7
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PR BRI . R AT A R AR B A
B ¢ 6 IR B ML B DH 09 B ORI U B A ik #)
1x107 cfu- g™ UE WA 1 H /R & ) B ) i mT A7 1 . 5k
T- 25040 % Anammox B TR B A, 0 1k T 5 AR
F T ORI O Ve IR N . AN 30 i A
0 X B R 0 B R AR EAT T AR LR A T
B (R ) PR Y BL 2R A BN (4 EOR) ) L T R
(BRI70) 3 RST8] B AR B 500, O 46 T BRI I 7, 42
i 1B R T R, A R A R R R . ARE
%3 12 Box-Behnken i 3 1 152 30 Ak T T 1 2% 4 Bl
FUBC LG, $2 8 T B A 9 A7 05 R TR R0 T TR R
1x10° cfu-g' #2751 5.23x10° cfu-g'.
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AR AR GG FB S AR RS
17 Y ARS8 = £ WAl AT
B TR B 14 0 38 5 OF & R R o PR OR IR T = bk
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