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H E AENRAEAVANALEZ LR THZLAEKEAH G RAO Y. AZLFFARM . BLZRERMEA
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D3ABAYEANYANTZCHEG L PARYEEWR 1 FTEAN 200 FHBRLEERRZHA 2 EGH—
EHIHER ;DL ERFANS ZERBROGEARETHSZARAR I SRFTHEAN . AFHRERHTY
EAFRRA MPAERR L FTANL 799 >TFTHEEMN L A2Y) >3 B (L 17%) >0 E A EH M (0.58%);
NI MAYREANY AN T ZEHGELFLETNRZRALEFN AR A FPHHE AR R 1 F 200 K5k
TRHARFN 100 BHBERELFLETREH TR O AL ARG 36.96% 4 30.97%, L. MAYBH AL =
EHFAMNTZLERAER AHAHGLFLETORE. A TPAHEDAEAEARR 1 FTEHN 200 BHFRARR
oo AR T AHBAWE RN EZ X L& 8RR — 02 Kb fe 2RI,
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Effects of treating seeds with three microbial agents on
growth and seedling quality of Panax notoginseng

LUO Cheng'. GUO Liwei', LI Jiazhou', YANG Kuan', WANG Huiling' ,
ZHANG Shuai', SU Shan', ZHU Youyong', HE Xiahong'?"
(1. State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan, Yunnan Agricultural University,
Kunming 650201, China;

2. School of Landscape Architecture and Horticulture Science, Southwest Forestry University, Kunming 650224, China)

Abstract The object of this study is to explore the effects of microbial agents to promoting plant growth and seedling
quality of Panax notoginseng. P. notoginseng seeds were used as materials and randomized block experiments were
set. The effects of three microbial agents on the seed germination, seedling survival and seedling growth, root rot
disease occurrence and seedling quality were evaluated comprehensively. The results showed that: 1) These three
microbial agents were beneficial to the seedling survival, but some certain inhibitory effects on seed germination were
observed. Among them, the treatment with 200 times dilution of plant probiotics No. 1 displayed the best effect.
2) The root rot disease control effect of Trichoderma harzianum was better than others. The average incidence of root rot
in descending order during growth period was plant probiotics No. 1 (1.79% ) >Ningdun (1.42%) > control (1.17%) >
T. harzianum (0.58% ). 3)All three microbial agents had a significant effects on the growth of aboveground parts and
seedling saponins accumulation. By comparing with the control treatment, the total saponins content of 200 times

dilution of plant probiotics No. 1 and 100 times dilution of Ningdun water agent were significantly higher which increased
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by 36.96% and 30.97% ,

respectively. In summary, the microbial agents treatment of P. notoginseng seeds is

beneficial to the growth of aboveground parts, seedling survival and saponins accumulation. Among them, 200 times

dilution of plant probiotics No. 1 has the best effect. This study can provide a theoretical and scientific basis for the

rational application of microbial agents on P. notoginseng.

Keywords Panax notoginseng; microbial agents; agronomic trait; root rot disese; saponin content
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Table 1 Seed treatment and usage and dosage
b B P TR 5 JiERe b P85k p 3
Treatment Test fungicide Dosage Processing method Source
T1 [ A 8 g/100 g T ERi
T2 Iy AT 16 g/100 g ¥ ER .
e IR 8 Al B B
T3 M FAERT 15 100 55 B R tedil
T4 MY AWK 1S 200 556 B 2
TS T JE A 200 g/1 000 g Fh ¥ AR . N
g ARl K
T6 T & 7K 100 57 B tegi
X} CK % TR Mg 1 mL/1 000 g Fl ¥+ A S P A
K2 ZEREBHSRRE
Table 2 Classification criteria for root rot of Panax notoginseng
FR 3 YR
Grade Grading standard
0 fet )3 . TCARE IR 5
1 JERAU R A TE SRR R B 0<B I E AL e <<10% , BB C Y R ENIA 54 <

JERETAR & HE<<10 04 5

2 JERE YRR Z N B 1026 <R AR &7 HE<<40 00, SCAUR JE I 42 5

3 JERECY R E NS H 40 Y0 <JE R G <50 %, SEAUAR I A

4 JERET Y R E NG H 5070 <JB R AR & E<<70 00 ST B 2 T v 5

al

JERECY REN ., BTG L >70 % 8 EEA YR E 2 ARG .

2) R 95 R TR AE R L S HRORE VRS T 6.8
F 10 F R =L AR Bk AR 8 A 0 17 100 2R AT 0 A
SR 20 MR LR/ IR A 100 ¥R S BRI R K
W bR A G (R 2)

KGR = LR/ PR R A < 100% ()
TR = [ D) YR bR AL X 4 9t M) /
(B PAR M X A BHREO 1 < 100 (3)

MRS = A S RAT 6.8 F1 10 H il
E LSRR, BN P REALE R 30 K=
LAEPR R EEE P R R AT R T ER
M5E 3 W,

DOREE T 6 F1 8 A I H B RAE RS /INX i
BLEERE 25 Bk = LA MR IEATRR e, 11 A SR YA
Bl ML E B 20 BRI 5 B 5

5) AWk W A« AE ORI SR FH 0 A JBORE R

b AR AU 10 Bk =R A AR (B 50 BRO A ] SE I
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EOOK =R 60 CHEARME T B fE L BUB R A
LRI LT E,

R T EME . HAFE 6 ~/NXAIENE
LBENLIE BRI 3 AN X = AR BRI AT R AT
WoE., ¥ =t FERMETIFEBER, T 100 HF, K
WFRE 0. 2 g, i 75% ) B £ 15 mL, 8 7 $2 B
30 min, & > 10 min(12 000 r/min) ., B I % %
1 mL JSCA RS € 3E 48 R L A 1T e 0 AR 3
X H = £ H R, .Rg, .Rb, \Re 1 Rd iX 5 Ff i&
RS T
1.4 HIBPLEBERSH

FH Microsoft Excel 2013 #47 % 4511 . H
IBM SPSS 19 #4750 R 7 220 M2 5 LK.
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2.1 WEYEFALE=tHFIHEMEEHNZIN

=FFH 4 R Ja R AN R AR W T R Ak B =
LA =R (K D SRRV R TL
WEEAN, B A E A LB = LR TR 2SR A R
FHBBERT CK, KKy CK(84. 00%6) >
T4(78.33%)>T3(77.92%)>T6(76.21%)>T5
(76.08%)>T2(73.92%)>T1(68.08%) , [d—7Fh
fii A= 4 B8 300 AS T) R e Ak = - b X R e R
[F) L PP AR B A A i 2 TRV 1 T 501 R 5 R s 9K

90.001 H 1 Seed germination

= {£11 Seed survival
75.00 F a

60.00

45.00

B 43 He/% Percentage

30.00

15.00

1 1

REW A AT =LA .

BEE A F WM ER (11 A BT T1 &b #
(56. 330 ) =LA B EM T CK(64. 45%) FF,
oA b B 5 5 F CKL H R 35 3] B 3K F (B D),
T4, T3, T5.T2.T6 fl CK F il T1 #&5 T
26.56%25. 60%.22. 40%.19. 09% . 18. 28% HI
14.42%,

g5 bR AN R A 9 R Ak B =B R A A
T=LE W e, Rk Y 5 A W 1 5 R
R 0 1 R M RO B TR R O B AL DL T4 b R
R,

a
<

b b
2
f 3
1 1 1
T5 T6 CK

T2 T3

T4

AL F Treatment

T1, WA 8 g/100 g # T T2, K AR 16 g/100 g Bl T T3, MM 25 /£ B 1 5 100 %
T W s T4 ML) 25 AL R 1 Y5 200 A5 A0 BV T5, 7 JE A A T6, 37 & 7K 50 100 1 7 B W5
CK, M BT o AR R BUEAE T b BAS ] 7 1 378 A ) Ak L] 22 7 12 25 (P<<0. 05) . R 1],

T1. Trichoderma harzianum 8 g/100 g seeds; T2, Trichoderma harzianum 16 g/100 g

seeds; T3, 100 times diluent of plant probiotics No. 1; T4, 200 times diluent of plant probiotics

No. 1; T5., Ningdun coating agent; T6, 100 times diluent of Ningdun water agen; CK,

Fludioxonil. The different letters on the same color column indicate that the difference reach a

significant level (P<C0.05) among different treatments. The same below.

1 HEPEFAN=ZELHENFEFHENZIE

Fig. 1

2.2 WEYEALE=tHFHRERLZRIZIE

“EREwR RN AR EENRZ —.
I A A A 45 el A 0 R ) Ak B (] B ) B AR S e & A
ORI (R 3) iz E 8 N faH i ™ E, 45
AR AR B R R T CKL H T1 48 CK
HEEZER;T1.T2. T3, T4, T5 Fl T6 kb3 4 5 4
CK F#AK T 87. 64% .56, 18%.37. 45% .31, 46% .

Effect of microbial agents on the germination and survival of Panax notoginseng

25.09% 1 18.73% . 10 H . & T A= Wy 18 57 4 38 % s
FEHCK¥YILREEs, L, T1 M T2 435
R CK AL T 80. 24 % 1 59. 88% , i —
SIHT R B, AN [ s A 0 TR ) A B = AR O A
Fo BB AR 3 5 R FR AL, b R TR R Ak
PR B AN A= F W OF E 0 0 4R B k. DL SRR
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Table 3  Effect of microbial agents on the occurrence of P. notoginseng root rot

EWRFE/ % 995 17 46 5k R/ % 995 115 46 5 EWRFE/ % 995 175 46 5k
PR Disease rate Disease index Disease rate Disease index Disease rate Disease index
Treatment
6 H 8 J 10 A
T1 0.5040.34 b 0.23%0.17 b 0.3340.21b 0.33%0.21b 0.33740.21 a 0.3340.21 a
T2 0.8340.54 b 0.57+0.36 b 1.1740.48 ab 1.0340.50 a 0.67+0.33 a 0.63+0.33 a
T3 2.67£0.84 a 2.40£0.71 a 1.6740.61 ab 1.63£0.59 a 2.17£0.79 a 2.0340.79 a
T4 0.8340.54 b 0.47%0.36 b 1.83+1.08 ab 1.43+0.98 a 1.5040.56 a 1.5040.56 a
TS5 1.504+0.71 ab 1.1740.62 ab 2.00+£0.77 ab 1.8340.73 a 1.6740.61 a 1.6740.61 a
T6 0.6740.33 b 0.53£0.27 b 2.17£0.60 ab 1.8040.67 a 1.8341.05 a 1.7041.05 a
CK 0.67%0.33 b 0.57£0.33 b 2.67£0.76 a 2.53£0.76 a 1.6740.49 a 1.5340.49 a

RGNS 5B R R A BE W] 22 57 .35 (P<<0.05), T,

Note: Different letters in the same column indicate the differences reach a significant level (P<C0. 05) among different treatments.

The same below.

WO AT A 2 A R, AR R Ak R O R OR
B 8 g/100 g A1) s ML, 45 3 A 28 10 R0 g
HIAE 1A,
2.3 WMAEYEFAAE=ZEMFNFRE LRG0
AR =R AT = kA K
(F4., 5S5CKMHE.8 HA=LHhmpbr T1 &b 5
CK TG & % 22 54, Hofh 4b B2 1 3 & T CK R &
HEFF MK M - T6 (11, 32 em) >T4(11. 10 em) >T3
(10.97 em)>T5(10. 85 cm)>T2(10. 76 cm) >T1
(10. 29 cm) >CK(9.72 em), #E—E0 iAW E
FIALERE A 25 2 L, Bk T4.T6 5 T1 A EER

b HAL R E D R B E Y TR E XS, 11 A
BF A TR W T R AL B AR B e T CKL Hodr, T6
M T4 AEE CK AR FEXES, 4l CK#m T
12.25% 1 10.33% .1 T5.T3,T2 A1 T1 Ab¥ 0| 5
L CK 88T 7.25%.7.08% .6. 67 % F1 4. 92% .,
DL 25 5B 3 BT FH 9 3 i sl A= 9 v 9 A B =
AT R TR =R bR KL H R L T6
T4 b HSCR T

I 2 S 2R S R R I B G A A
1, 3 PR A= 0 1A 790 A B G I 2 2% B R AR 2 B
T R A H A A 3R] 24 T B 2 25 S/ (P=>0. 05) (R 5).,

R4 MEVEARN=ZLHSHEME

Table 4 Effects of microbial agents on the plant height of P. notoginseng  cm

Ab 3 ¥ & Plant height
Treatment 6 H 8 H 11 H

T1 8.34£0.29 a 10.2940. 25 be 12.5940. 36 ab
T2 8.40+0.26 a 10. 76 +0. 15 ab 12.8040. 25 ab
T3 8.98+0.17 a 10.9740. 23 ab 12.8540. 35 ab
T4 8.50+0.15 a 11.1040.19 a 13.244+0.30 a
T5 8.99£0.19 a 10.85+0. 28 ab 12.87+0. 14 ab
T6 8.98+0.19 a 11.3240.35 a 13.4740.25 a
CK 8.62+0.19 a 9.72+0.17 ¢ 12.00+0.23 b




194

hOE R R R

2022 4F 55 27 %

£S5 WEMEAN=LHEESE(SPAD H)HFMN

Table 5 Effects of microbial agents on the chlorophyll content (value of SPAD)
of P. notoginseng
Ak 3 2% ZE & i Chlorophyll content
Treatment 6 H s H 10 A

T1 38.842.40 a 50.3+1.88 a 51.0£0.62 a
T2 38.6+1.43 a 51.1£0.92 a 51.3+0.31 a
T3 39.040.98 a 52.1+1.15 a 52.64+0.90 a
T4 39.04+1.37 a 50.94+1.10 a 51.54+0.94 a
T5 38.3*+1.14 a 51.2+£1.28 a 50.9%1.48 a
T6 38.7£1.90 a 51.6£1.81 a 51.0£0.92 a
CK 38.8+1.54 a 53.0F1.25 a 52.1£1.09 a

2.4 WAEYEFLE=t#HFNEDENZMN
Pl A e R X =B LR W Y B2 T L3R 6.3 Bl
AR A B = A M T R

1S4
2

R AR E L) T6 Ab BB (0. 66 g/#%) L T8
fif 7 DL CK e (0. 98 g/#k) . DL E&5SRFU, 34
YR FAAE =L/ T ARER it P A ERER,

S fif T RN M R T EE A O W R (P>>0. 05), HREfEHE L EAR A 2R+,
k6 MEVEAFN=ZLEWENF M
Table 6 Effects of microbial agents on the biomass of P. notoginseng

| BEBEE/ GO ERTR G TSR/ TR /)

Overground fresh Overground dry Underground Underground dry

Treatment
weight weight fresh weight weight

T1 0.60%0.03 a 0.10%0.02 a 0.8240.06 a 0.17£0.02 a
T2 0.6240.02 a 0.1040.01 a 0.8540.04 a 0.1840.01 a
T3 0.6440.03 a 0.1040.01 a 0.8740.06 a 0.1840.01 a
T4 0.6340.04 a 0.1040.02 a 0.8840.10 a 0.1840.02 a
TS 0.6340.04 a 0.1040.01 a 0.8640.07 a 0.1740.02 a
T6 0.6640.03 a 0.10%0.01 a 0.8940.07 a 0.1840.02 a
CK 0.5840.02 a 0.0940.01 a 0.9840.04 a 0.2040.01 a

2.5 WMAEVEFLE=tMHFNEESENZMN
HE— 204 BT 3 FhRCAE P R Ak BN =L R AR
Bsgm (R DR kM. 5 CK AR, 3 Fhid
AP EFAE LR T XA 2 B Re $2 00 A 3 4h,
PIREAE AR B E Lgm = L2 Ri.AS AT
Rg, \Rb, \Rd K B2 el R, Hp T4 1 T6
AbHERE B E R UE IR T R, LR, \Rb, Al Rd FL &, #%
CK 4 #) ¥4 Jin 30.90% #1 21.97% . 32.13% Al
21.16% .45. 65% F1 47. 35% .27. 87 % Fl 30. 14%;

TI.T2M T3 M ERFEES CK Y& %=

B
2

ST TS A EUAS R Rb, 5 CK AR EER,
b CK #0126, 94 %, HAWKE A B &5 CK
WS, MO, 3 P A P va ) Ak 386 25 MR e
PR EFEaSE R TR A - AR ER
CK B4 b 26 M 5 B AR Wl T4 (36. 96 %) > T6
(30.97%) > T5 (16.79%) > T1 (14.22%) > T3
(12.43%)>T2(9.76 %),

(7] o 3 £ 300 T 00 A ) e B Ak BT — & R H AR
WA TR AR A M R R A B R T = LR
TR E, Hoh T1 0 T2 4b ¥R BF A 247 & E
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Toip %% R HMR W T1 M E A 2 T R . Re,
Rb, \Rd M BB AT &R B W T2 43 53
T 15.249% .18.62% 7. 08% 6. 76 % Fl 4. 12% 3
Wi T3 Al T4 AL 3 E] % Re 1 Rb, SR ZEF AR F
Hh ARV EE T4 A FRRE B F N R, \Rgy JRd M B2
o mE R W E T3 /33T 21.36%.
25.33%.30.05% A1 21.80% .

[F) o 8 2 2 R R0 AS T R0 R X = BT A i LR
AN fE, T6 4 ¥ A 4 T R, Rgi . Rb, . Rd
FEEEEEMMB R, B TS WnT 21.35%.
6.41%.16.05%.19. 16 % F1 12. 14 %,

g5 ERTIR 3 Pl A W R A B =L R A
FlF=tR2 iR, BCRS MR Y F
2 BEFNFR B A G, Hrp DL T4 A FRACR A

x7 HEYEANZELEFERENEMN

Table 7 Effect of microbial agents on the saponins content of P. notoginseng

Kb 7 AR 480/ (mg/g) Saponins mass fraction

Treatment R, Rg Re Rb; Rd R, +Rg; +Rb
T1 1.8940.10 cd  7.20%0.71 be  1.7240.23 a  6.054-0.35 abc  2.2140.20 ab  15.1540. 94 be
T2 1.6440.64d  7.2740.21 be  1.4540.11a  5.6540.38 bc  2.0740.08 ab  14.5540.63 ¢

T3 2.06£0.10 be  6.7940.20 be 1.5440.
T4 2.50£0.21 a 8.51+0.42 a 1.5040.
TS 1.92£0.10 cd  7.337£0.33 abc  1.5740.
T6 2.3340.14 ab  7.80=£0.09 ab 1.5340.

CK 1.91+0.09 ¢d  6.4440.33 ¢ 1.3840.

10 a 6.06+0.52 abc 1.93£0.07 b 14.9140.80 ¢
22a 7.15+0.13 a 2.51+0.11 a 18.164+0.75 a
a 6.2340.40 ab 2.14+0. 25 ab 15.4940. 81 be
03 a 7.2340.10 a 2.554+0.13 a 17.3740. 16 ab
11 a 4,9140.47 ¢ 1.96+0.11 b 13.2640.78 ¢
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