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Study on the Biocontrol Bacteria Inducing Soybean Cyst Nematode and Soybean Root Rot Diseases

YAN Ji-chen, WANG Yuan-yuan,ZHU Xiao-feng, DUAN Yu-xi" et al  (Laboratory of Plant Nematology , College of Plant Protection,Shen-
yang Agricultural University ,Shenyang, Liaoning 110161 )

Abstract
cient new microbial metabolites seed coatings. [ Method ] From the aspect of induced resistance, soybean cyst nematode and soybean root rot

[ Objective | To screen the biocontrol bacterium inducing soybean cyst nematode and soybean root rot diseases,and to find high-effi-

pathogen were used as the targets. A total of 2 400 coating soybean seeds were processed in bacteria fermentation liquid. [ Result] After field and
greenhouse screening,6 strains of biocontrol bacteria ( Sneb152,Sneb572,Sneb877, Sneb1076, Sneb1499 and Sneb1401) were obtained, which
had resistance activity to the pathogen. The 6 strains of biocontrol bacteria could all induce soybean cyst nematode with the inhibition rate being
more than 74.98% . They could significantly promote the growth of soybean and had obvious yield increasing effect. Besides,strains Sneb572 and
Sneb1076 also had certain control effects on soybean root rot. [ Conclusion ] Sneb572 and Sneb1076 have broad application prospects in soybean

seed treatment.

Key words Biocontrol bacteria; Soybean cyst nematode; Root rot disease; Growth promotion; Induced resistance
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Table 1 Classification of root rot disease

LA
P S AL
Severity Classification P alue of
classification standard e;chu;;) de
0% Grade 0 HyEiZ2BL30 AN AR X JChi B 0
1 %% Grade 1 ZEFEHRA F AR F A /80905 B, 5 B5F 110 AR 7E 1
25% LT
2 94 Grade 2 ZEFEFRFNFAR B BEmiAR o 25 B AN E AR 2
A 25% ~50%
34 Grade 3 ZEFEARFIFAR B BERIA G 25 B0 A0 E AR 3
MR 50% ~75%
42 Grade 4 ZEHLFNFAR FWGEEE A, B LEE A, H 4
AR FFARINIE
5% Grade 5 IRFREUSE, b L FFEEFE ST 5

TRTETEE = = (TR < G FE ) / (A RREL x fi
FRRER) x 100

HRIGER B = O BT FE 5 — Ab BRI 16 500 / ) B
TEFEEL x 100%

PO = O R4k — Kb HR M550 /0T HEL it 5 45
x 100%
1.2.2 5SRO HUAR R T 0 A= 7 40 T 2 0
1.2.2.1 Mk, P12 TAS A0 ETE NA WA 75 5
RWES do e 2B By R & TR FH L= 7O b1~ it afE A T
FAIADHE, BFA Fi¢ B8 (i 156 I A A< K AR R 3ot B, T8 )5
BT 5 o
1.2.2.2 HWEEE, 7R T4 BBk T 5 k215,
BB PRITR R 5.00 m, THEK 0. 65 m, ZbHH[E]FFH1. 00 m,
DAIAELAC K25 A IR (CK) |, LARR S A TR BFA RSP0 R
T FH A AR K G 38k oK 5 e 28 Ui 1K AR J
M ] A & &9 1o
1.2.2.3  HEFEARFE, ERGHERE 35 d(KEH),
B BRRENLI S B . BURERS e B R (0 ~5 em) JHF
FEREARTS ) PR R o848, e 0N - e 50, SR 5 ik
ANBFELS R B A7, B pR a8y I SE g %, e 30 H < 44
1356 R AR S 4 A5 R S 1 5 AR 1 e AR

My b A R R R SRR, 4% A BB AL
TEIRCS BRCEL, I 5 He BARR R B MR o SRR S K SRR A
TR,

HER = R AR R AR B8 x 100%
1.2.3 AR5 R SR AR 5 502 R TR .
1.2.3.1 REERAA KGR T 0] K 5K R

P AR EAR R 90 em A G SR, A6 L4 E /NG IS
B R B8 B B8 4K, FH G BR ZK BRI I, 39 20 i A R AR R AR
SEFRAG P BRI 20 RLFp -, REASA0 38 S IR E L . [RlAT
WA XTI, 6 IFRILGEE , B TR A (28 £1)°C AHXHE
FER 85% PRI IR FRAE G SR, T d Gl R ZE R IFE 2R
KAMREK 5 F 738 s

R =55 T REZFIIR T AR T4k x 100%

Fh 736 IRV = (K + IRK) x R
1.2.3.2 ARt R 2 AR, RASE N AL
P, BTG K G AL s AP, 165 °C KR 2 h, 3 K
B2 d J5, K £ R 2: T EL R &340, 2 A
16 em x 16 em JBEEEERT . LR L BEREA KRS, FF
FFIAT G HERr . REERREFD 3 R AL 1)K S Fh+, LITC R
ACHXTHE S R, 30 d J57, BRI, IR R B,
FHTRKAGARTR Ve £y, I R 40R T, U 2 B PR K & i bk
i 5058 K 1137 3 A 7 3
1.2.3.3 ERiAESE SR GRS K., R-ENA
AL, BUG A &ML H i - AAnvD 165 CHHVKEE 2 h,
WRAE 2 d J5 8 00 R H R 20 1 LU R A 150, 3¢
A 16 em x 16 em BEAFEEA T FHA B R K BEREACK W,
Rfh 7B o iRl BERIERD 3 R AR b R SR 1, LI
K XRS5 IRER . FFU KR 2 i FIat, e i 1
L HERR 2 000 25K T MLk e 2 dR 4 (J2) o 30 d S KA
FREBUHE  (R45R R 5%, FHTRACK AR 388 vk, FH g 4R
TR L R BN 2 U] 3[R ERs A 3 i K g o
Uk, UBARE AR F K o, PR AR, SR IR - Wtk
AR ke Sy A S A DR A Y N WA 5l AU E ZSTRETS
R4S AR B

AU = OV HRE HU R — AbFRL dgh) /0 B ok
x 100%
1.2.3.4  APiAEESRKOGIRGHRERIAE ., H&ERK
XTHRAR TR 73 B TR AR HEA T 5. B 100 g 5 3K B T 500 mL
=M, KR ARG FEK, B E K E 1 h, $EH PDA
Krigedk s 2 ~ 3 d LR R4 T TR RGBS 4 DR TR 2228
stah g, HEAE R 8 mm BYFTFLARRER A, e 2 LR =R
KR ,28 CHEFRT ~10 d. RFHiRAD TR P 2240l 3 Sk B 97
WG B R B R AR A o 2 AR B0 T I i A
28 CHHIR IR = N 47, e A dk - T 121 C MK
90 min, FEFEIE 2% T i U IR A SRR T m SR A & T
CVRF R 0.5 L Zgk it , Al A 5 hi k9. 30 d Bfidsg
MR R E s e s .



136 BAR AL F

2016 £

1.2.3.5 REMWFESTERE ., SRAME" Bk i W
VoS R L7 A0 R S AR U AR AR B s 1 R e bt
REAEZNAERE) 2 I R R GAR R 4 B 5 1) DA )
G3 PR GY , I B3 AR T S8 o RN B, SR e K
PRI AR E SRR TR R S mL A By
TR R TR B8 T A4 B TR A AR, 28 PR A AN, 25 N R
o AR ERN UK . R T B AR BT AR PR AR
TG Y BB IR AR B A FE A B i, e
AW 28 d J  TERERR R LAY A RS 4R 2 000 4% J2 AR
ARSI 1 x10° A~/mL (i FBIER. 3 d )5, BUB R
BAROTARER ARG XA R T Y 6, THEBUR R INIR YRy J2 KL
AL HMHIRRS d 5, B R A M 2R, 0 e 1 45 L
HIBTARCR o

1.3 HEALIE W] Excel Fil SPSS XA T 4b #EAN
38T,

2 BREHW

2.1 FEERERRBFRENEHARNFRESER @
BRI, B 2 400 BRA0 P i 2L th 6 BRANTE , 7351
Sneb152 . Sneb572 ., Sneb877 ., Sneb1076 . Sneb1401 F1 Sneb1499
(1) 3% 6 BREEBT R4 ] 12 25 i o R 2 P e 2 dus (4
Tl L 74. 98% ) AR SLARE s (B &R 22.229% )

2.2 FEEXENRMBBEENENAEERRXWER
2.2.1 RHAfE#E AR AR, 8 = oK B
IS (32 1) oK, BFA R JEAE AR & A0SR A R
XAE, 15X BEAH L, ZE B AR Sneb1401 i BEAR BRI = A9 ROCR
i 4§, Sneb1076 F1Sneb572 K = s BEA {48 #4384 /55 (9 AR

5 BEAH Y, S50 B LG, A2 B A0 B Sneb1401 {2 FAR AR AR 3R
IR 3 R B i, Sneb572 . Sneb877 Fil Sneb152 YK 22 ; BFA )¢
M bR e T 0 CR  X REAE X, 5X REAE TG, A2 B
YTE Sneb877 & HE A Bk 3 & 1Y R B 4, Sneb1076 FiI
Sneb1499 YR Z ; BFA {& AR 5 ff 85 34 I A RACR A ST B, 5
Xof HEAH LG , A= By 20 B Sneb152 41 i AR 2 & 838 i i) ROR I
#f-,Sneb1499 Sneb572 F1 Sneb1401 YK 2 ; BFA £ 3k H 1 i %%
AR TR, 5 BFA A LL, A= B 41 7 Sneb877 A1 3 H 1 A &%
FLEUF, Snebl076, Sneb1499 Al SnebS72 Y. % I, 5 % 1
H BFA FLE, A= B4 T Sneb1401 fEBEAR RN & A ARAR R 31
o b b i R o AR R i R R eSO R T
Sneb877 .Sneb1076 .Sneb572 .Sneb1499 1 Sneb152 IR Z .,

O feL & 45) % Suppression ratio

100 @742 Control ratio 100
=80 80 _
2 —

;%‘5 60 60 B2
s
&g R
PR 8
% 2 40 40 &2
[} o
& 20 20
0 0

==
<

Sneb152
Sneb572
Snebd77
Sneb1076
Sneb1401
Sneb1499

472 Treatment

E1 AERKERGCEXEMFIREEHERBIZM
Fig.1 Effects of coating treatment of soybean seeds on the seed-

ling growth of soybean
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Table 1 Effects of coating treatment of soybean seeds by biocontrol bacteria on the seedling growth of soybean

e itk o 1R

Qb3 Plant height //cm Root length //cm Fresh weight of aboveground part /g
Treatment e HEF KR v B K v BT K

Shennong Kangping Daqing Shennong Kangping Daqing Shennong Kangping Daqing
CK 15.98cdeCDE 13.88dE 13.88dE 13. 14eABCDE  18.76deDE 19. 80eAB 2.84eE 2.48¢E 4.06bB
BFA 15.12deDE 14. 82cdDE 14. 82cdDE 19.20¢BCDE 19.20cdeCDE 19.72eAB 3.38deDE 3.38deDE 4.22bB
Sneb152  17.20abcdeCDE  19.26aABCD 19.26aABCD 22.54abABCD  20.12abcdeABCDE  22.26deAB 5.28abcABCD 5. 12abcABCD 6.36aA
Sneb572  19.22abABCD  16.42abedCDE  16.42abedCDE 16. 64dCDE 25.06aA 25.64abcAB  4.38bedeBCDE 4. 66abcdABCD 6. 18aA
Sneb877  16.06bcdeCDE  17.94abcABCD  17.94abcABCDE  23.56aABCDE ~ 23.56aA 24.02abedAB  6.70aA 6.70aAB 7.40aA
Sneb1076 19.76aABC 16.28abcdCDE  16.28abcdCDE  15.90deABCDE  22.38aABC 24.00abcdAB  5.98abABC 6.66aAB 7.22aA
Sneb1401  17.52abcdeBCDE 22.30aAB 22.30aAB 25.92aABCDE  25.92aA 25.86abAB 4.42bcdeABCDE 4. 42bcdBCDE 5.96aA
Sneb1499 17. 44abcdeBCDE 18. 48aABCD 18.48aABCDE 21.00abcABCDE 21.00abcdABCD  23.02bcdB 6.22aABC 6.22aABC 6.00aA

HRABAE T Root fresh weight /g H % Emergence rate // %
e Ak T Kk ok T ok
Shennong Kangping Daging Shennong Kangping Daging

CK 2.00abcde 1.46eB 1. 68bcdABC 53.33¢B 30.67¢E 49.33cdCD
BFA 1. 58bcdeBCDE 1.58deB 1.46dC 69.33bcAB 35.33deDE 53.33bcdBCD
Sneb152 2.38abABCD 2.42abAB 2. 10abedABC 70.67abcAB 46.67abecdABCDE 53.33abedBCD
Sneb572 1.48cdeCDE 2. 12abedeAB 1. 74bedABC 76.00abAB 48. 67abedABCDE 68.67aABCD
Sneb877 1.90abcdeABCDE 1.90bcdeAB 1. 80bcdABC 86.00abA 54.67aABC 71.33abecdABCD
Sneb1076 1. 82abcdeABCDE 1. 82bedeB 1.92becdABC 78.67abAB 50. 00abcABC 86. 00bcdA
Sneb1401 2. 10abedABCDE 2. 10abcdeAB 1.94abedABC 77.33abAB 38. 00bcdeBCDE 64. 67abcdABCD
Sneb1499 2.26abcABCDE 2.26abcdAB 1.90abedABC 82.00abA 57.33aA 64. 00abcdABCD

T [RFVB R AR AR R VNG FREE FOR AR A BEE] 535176 0. 01 710 05 /K225 3%

Note : Data were the mean value. Different capital letters and lowercases in the same row indicated significant differences at 0.01 and 0. 05 levels, respectively.
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Sneb877 Fil Sneb1076 ¥R Z . £ I+, 5%F BUFT BFA A 1L, 4 Bif

PR ik EAT 2 e AR PR B VE T, 2R BT A T SnebS72 7EHT
e 2 oo FIRR JE o It T 1) 4 O Tl BAT O 1 RO . A
B4 Sneb1076 ,Sneb877 Fil Sneb1401 7t il 2% 2% 1 J5 FIIAR
JE R S T A 5 T W) AR RAT S 2B R

R2 AREHRERLEXEHFNKXEREHEFELRNKZIRREIR B H 00

Table 2 Effect of coating treatment of soybean seeds by biocontrol bacteria on the control of soybean root rot and the formation of soybean root cyst

Y%K Cyst number per plant // 4~/ ¥k

M| #R Suppression ratio // %

ﬁimm Wik e Kk Wk s Kk
Shennong Kangping Daging Shennong Kangping Daging
CK 24.78aA 19.33aA 24.78aA
BFA 13.89abcdeABCD  7.89bB 13. 89abcdeA 43.95 59.18 43.95
Sneb152 23.56abcdeABCD  5.33abcBC 14. 67abcdeB 4.92 72.43 40. 80
Sneb572 10. 78bedeABCD 3.67abcBC 7.89bcdeBCD 56.50 81.01 68.16
Sneb877 14.44abcdeABCD  4.00abcC 10. 89bcdeBCD 41.73 79.31 56.05
Sneb1076 7.89aCDABCD 3.78bcBC 17. 11abecBCD 68.16 60. 89 30.95
Sneb1401 10. 89bcdeABCD 5.00abcBC 13. 56abcdeD 56.05 74.13 45.28
Sneb1499 17.22abcABCD 5.89abBC 14. 44abcdeBCD 30.51 69.53 41.73
AbFR FRHFEEL Disease index B934 5 Control effect /%
. Wi T K i T KIk
Shennong Kangping Daging Shennong Kangping Daging
CK 60.00abAB 60.00abAB 68.00aAB
BFA 72.00aA 76.00aA 76.00aA -20.00 -26.67 -11.76
Sneb152 52.00abcdABC 40. 00abcdABC 44.00abcCD 13.33 33.33 35.29
Sneb572 40. 00bcedeBC 28.00bcdeBC 28.00cdD 33.33 53.33 58.82
Sneb877 40. 00bcdeBC 40. 00bedeBC 40. 00abedCD 33.33 33.33 41.18
Sneb1076 44.00bcdeABC 36.00bcdeBC 48.00abBCD 26.67 40.00 29.41
Sneb1401 32.00deBC 32.00deBC 24.00dD 30.00 46.67 64.71
Sneb1499 56.00abcABC 56.00abcABC 56.00abcdABC 6.67 6.67 21.43

T : RIFVBER AR AR R /NG FREE FR A FIAL BEE] 43 576 0. 01 #1005 /K225 3%

Note : Data were the mean value. Different capital letters and lowercases in the same row indicated significant differences at 0.01 and 0. 05 levels, respectively.
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Table 3 Effect of coating treatment of soybean seeds by biocontrol bacteria on soybean maturing stage

¥k Plant height // cm

AR T 3HL Pot number per plant />

o K T K BT
Treatment

Shennong Kangping Shennong Kangping
CK 69.67 £2.94iG 87.50 £9.80eD 44.10 £11. 16deBC 38.63 +18.29¢dCD
BFA 77.60 +3.05efghCDEF 92.38 +£2.45bedeABCD 34.20 +3.96¢eC 69.88 +18.86aA
Sneb152 81.80 +2.77abcdefABCDE  100.38 +5.42aA 66.60 +13.61abcAB 56. 88 +23.63abcABC
Sneb572 76.00 +3. 06fghDEFG 92.13 +4. 88bedeBCD 65.40 +13.28abcAB 58.78 +18. 12abcABC
Sneb877 80.60 +4. 18abcdefgABCDEF 94.50 4. 11abecdABCD 67.20 +14.57abAB 61.25 +14. 18abcABC
Sneb1076 76.40 +3.05fghCDEFG 93.50 +3. 74bedeABCD 73.80 £11.52aAB 57.38 +17.55abcABC
Sneb1401 73.60 +4.72hiFG 96.63 +£6.35abcABC 65.40 +14.40aAB 44.63 £10.03abcdABCD
Sneb1499 81.60 +5.46abcdefABCDE  95.25 +2.43abcdABCD 65.80 +12.48abAB 53.88 +13.24abcABC
g PARE RIS Seed number per plant // %7 kIR 100 seed weight /g

wAe JeF wA R

Treatment

Shennong Kangping Shennong Kangping
CK 72.00 £22.25d 55.00 +14.94cdBC 20.00 £0gF 24.00 +0eD
BFA 72.00 +14.70d 99.25 +£22.27abA 23.67 £0.58deE 24.00 +0eD
Sneb152 82.40 +16. 85abed 84.63 +22.17abABC 24.00 £0cdCD 26.67 £0.58abAB
Sneb572 83.40 +21.87abed 88.22 +24.86abABC 23.33 £0.58deD 24.00 £0.58eD
Sneb877 82.20 +22.60abed 111.25 £22.07aA 23.00 +0eDE 24.33 £0.58deD
Sneb1076 95.00 +17.25abed 96. 88 +24.28abA 26.33 +0.58aA 25.33 £0. 58bedeBCD
Sneb1401 83.40 +14. 85abed 76.63 +14.09bcdABC 24.00 £0cdCD 27.33 £0.58aA
Sneb1499 92.60 + 16. 77abed 92.00 +24.42abAB 26.00 +0abAB 26.00 + 1.00abcABCD

T« FFVBUE R PR LA RIR NG P 2R AN R AR BRI 735075 0. 01 F10. 05 /K-F-22 5 3%

Note ;: Data were the mean value. Different capital letters and lowercases in the same row indicated significant differences at 0.01 and 0.05 levels,respectively.
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472 Treatment
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Note: Different capital letters and lowercases in the same row indicated

significant differences at 0.01 and 0.05 levels, respectively.
B2 FAEEBEKERLEAZMFIXREHZHZM

Fig.2 Effect of coating treatment of soybean seeds by biocontrol

bacteria on soybean germination
*4 FEAEPEHEXRLEAEMFHEEATEHERNZ N

Table 4 Effects of coating treatment of soybean seeds by biocontrol bacteria on seedling growth of soybean in greenhouse

LR U T T 4 MR A B 40 B 0] B S AR HE R SR S i Lk
1, Sneb1499 23K T B AR ik 43. 71% . 45 b, 5% I8
FEE A L, 42 B A0 Sneb1499 411 il it 4 28 s VR 140 50 55
532 Sneb1401 F1 Sneb1076 X2 .

2.3.4  APIAEE R GPIR AR AR AR @
NBUR B, 25 (1] 4) 3R, S5 X B LG, ZEHUAR
3 I AT A48 0 DA RIS S0 0 TR T, 4 PR A B TR A IR
HERTTHR , Horp SnebS72 Fi1 Sneb1076 X355 41k 71 B A1 F1
BT BB IR 70.00% o &¢I, 5% REAH EL , A= By B B
Tt Sl )] RN F st I TRAT LM

2.3.5 ZRGEBESPMERIL R, Wi s N RS ME SN
PRI, 25 (R 5) R, NER R GE AW AMLL, A B2
PR U ] 2 5 50. 90% , Horft Sneb572 X £ H (14411 il
R ik 84. 88% ; A i 40 B X Ain JEE Ak U0 BRI 1Y) Bl R0 3
58.34% L5 |, SXTHEAH LY , AR B 4T Sneb572 1755 K G Hi MY
e A YYSSOpE AN R RN Ot ANt il Ry e STdTE N
Sneb1076 ,Sneb1401 Fl Sneb1499 ¥ .

s 3] [iiSN o L7 fif R T

Plant height Root length Fresh weight of Root fresh
Treatment

cm cm aboveground part//g weight /g

CK 22.43 +0.47€A 15.93 £0.55¢C 10.45 +0. 15aA 9.57 £0.12cB
Sneb572 28.17 +0.40abA 18.67 +0.30bB 6.43 £0.40bB 7.77 £0.15dC
Sneb1076 27.87 £0.25bA 22.37 £0.50aA 11.53 +0.32aA 9.60 +0. 10cB
Sneb1401 29.00 £0.61aA 22.27 £0.65aA 8.53 +0.35bB 11.87 £0.25bA
Sneb1499 28.10 +1.28abA 22.63 £0.25aA 11.60 +0.26aA 12.10 +0.20abA

T RSB R R IR R /NG 5838 FR AN AR BRI 235176 0. 01 F10. 05 AKF- 225 B3

Note ; Different capital letters and lowercases in the same row indicated significant differences at 0.01 and 0.05 levels,respectively.
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O 35 # 4R R4 Nematode number per plant
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432 Treatment

TE A AR NS T 2R AN [R] 4R B8 ) 23 5 7E 0. 05 7K F- 28 5+
.
Note : Different lowercases in the same row indicated significant differ-
ences at 0.05 level.
B3 FAELEHERESRLEXSTHFINAZIRAMELZL HAZME
Fig.3 Effects of coating treatment of soybean seeds by biocon-

trol bacteria on soybean cyst nematode

= g 4544 1 Disese index 1

100 = S48k 2 Disese index 2 100
Braxl Control effect 1

A x BEQ Control effect 2

a
T % X od X

o

80 80

FatkFe4k Disese index
FF3% Control effect %

K Sneb572 Snebl076 Snebl401 Snebl499
4£32 Treatment

TE: 1 A T S 71 1 52 A B S O PR T T s A _E AN IRI

N R RV 48 B 0.01.0..05 7k F 25 52 5%
Note ;1 was inoculated with F'. solani; 2 was inoculated with F. oxyspo-
rum. Different capital letters and lowercases in the same row in-
dicated significant differences at 0. 01 and 0. 05 levels, respec-

tively.

E4 FREEHEKERLEXEMFIRERIBH AR

Fig.4 Effect of coating treatment of soybean seeds by biocontrol

bacteria on the control of root rot

R5 FAEEHEKERAEAEHFSHIENZN

Table 5 Effect of coating treatment of soybean seeds by biocontrol bacteria on induced resistance of soybean seedling

JHIRELL B
Wi T E F. solani A4 J1 T F. oxysporum
g Cyst nematode
PR HUEL = Bk Bk
- it it
Treatment Nematode number Inhibition iR Control effect iR Control effect
Disease index Disease index
per plant /4~ ratio // % % %
CK 184.67 £4.51aA 80.00 £20.00aA 86.67 £11.55aA
Sneb572 83.33 £2.08cdABCD 84.88 33.33 £11.55bB 58.34 33.33 £11.55bB 61.54
Sneb1076 81.00 £2.00deCD 56. 14 26.67 £11.55bB 66.67 33.33 £11.55bhB 61.54
Sneb1401 84.67 £3.51cdABCD 54.15 26.67 £11.55bB 66. 67 33.33 £11.55bB 61.54
Sneb1499 86.00 +£2.65bcdABC 53.43 26.67 +£11.55bB 66.67 40.00 +0bB 53.85

T« [FIFVBUE R AR LA RIR NG P2 2R AN R AR BRIE] 7351075 0. 01 F10. 05 /K-F22 5 B3

Note ; Data were the mean value. Different capital letters and lowercases in the same row indicated significant differences at 0.01 and 0.05 levels,respectively.
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W T RE PRI, 2EFF 1:25 iR L,
60

55
50

45

3% PExtraction rate J/ %

401115 1:20 1:25 1:30 1.2235 1:40

Kt Diameter—length ratio
B 5 ZEIKIEX TR0
Fig.5 Effects of diameter-length ratio on the elution efficiency
2.3 EXIRE MR 2 AIE M, 25 RV BOSCR R0
FUF AP > A2 K L > VIR EE , 2 835
R2 EXHBER
Table 2 Results of orthogonal experiment

RIS A B c D(z5%) (L
Test code Blank) Extraction rate // %
1 1 1 1 1 50.79
2 1 2 2 2 56.57
3 1 3 3 3 36.17
4 2 1 2 3 56.65
5 2 2 3 1 49.39
6 2 3 1 2 54.12
7 3 1 3 2 41.66
8 3 2 1 3 43.64
9 3 3 2 1 53.35
k, 47.84  49.70 52.75

k, 52.39  49.87  55.52

ky 46.22  47.88  42.41

R 6.17 1.99 13.11

E[/‘Jgﬂéy‘] A2B1C2 9@%*&%%*ﬁ,%1§2ﬂ%% Aszczo

M, 7E A,B,C, 55, 4T 3 UOFATIIE IR, A s 22

Jip ARk B4y 51 ok 56. 48% (56. 82% .57. 35% , -1 F N

56.88% ,T A,B,C, B, KL, %4 A,B,C, Aalifber

w22 WAt T A 55, Bl HL oA 12 25 300 B 551 vk 2

N 70% PERFE A 2.0 mL/min,

3 g

AR R FH R AL B IR e SiAL LT J2 = A2 2 Wy, 3 3

AN 5 Fh L AR BB i Hh 0 B8 1 AR g9 D-101 5 7

LI D-101 [ A A Tah 253008 , 8 5o B PR 2R 1E 3SR

95 193] T ok e i 2B AL T A4 ERRIE 1.5

mg/mL . FAERE 25 mL 8K e 1225 BRI 500 ik B 70% |3k

Wik 2.0 mL/min, ZEBCRAEPE T 25K 56. 88% .
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