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)
2011 4 10
5mx3m 4
0.5m 0.4 m
Im 1.5m
1 1.2
1.1 A~F
G~R
(37°55'N  102°40'E 1530 m 1 (
72°C 150 mm =99.0%) ( =98.0%) (
2010 mm 154 >95.0%) ( =99.0%) Sigma
) ( ) CNW Technologies
(35°72'N  105°08'E 2025m ( )
332.6 mm 7.9C 155
F1 kB RERR
Table 1  Tested materials and their sources
A AmeriStand 201T J GrandStand
B Arrowhead II K HybriForce400
C Spredor 4 L Lancer
D AlfaGraze 300R M Liberator
E Arapaho TT N Magnum V
F o Whitney
G Boulder P Select
H Bullseye Q 3
I ForageGold R
1.3 1.3.2
1.3.1 ( 4 10.00 mg
) 2015 5 20 100.00 ml 50% ( )
(4 ) 100 mg/L
48 h 37°C -20C
2C
[25-26] 2 5 10 20 40
2 mm 2°C 80 mg/L)
18 (5.00 g) 1.4
(20.00 g) ( 2.7 cm x 5.2 cm) Thermo Fisher ASE 350
ASE 350 Thermo Scientific Agilent 1260 Infinity
80% HPLC Agilent ELGA
50C ULTRA ELGA SCALTEC
5 min 2.5 ml/min (SBC 22 0.01 mg) SCALTEC
120 s 2 Spectrum SP-756P RGB Spectrum
30.0 ml 2°C 0.45 pm

0.45 pm
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1.5 (A) (B) 2
Agilent ZORBAX Eclipse plus C18 0.50 ml/min 35 10.0 pl
(4.6 mm x 150 mm 3.0 pm) 0.3% 190 ~ 400 nm 320 nm
F 2 RENEEC LS iR AT 8
Table 2 Gradient phase and elution time
(min)
0 3 8 12 17 20
0.3% 95 80 80 70 25 95
(%) 5 20 20 30 75 5
1.6 4 H
Excel 2010  SPSS 19.0 K 18 462.61 mg/kg
K 4 H
41.7%
2 HPLC 18
2.1 o QQ O 9.64%
ASE 350 18 183.57 mg/kg
0.45 pm (P<0.05)
HPLC 18 N D D N
( 15.98% 0.83 mg/kg
) 4 I Q E F C
(D D (P<0.05)
2.2 D
2 K K D 24.11% 18
4 ( 273.36 mg/kg D
) 1.5 R GJ L H NA OC F EM
4 4 Q
(P<0.05) N
3 HPLC C C N 2.66%
18 4 ( 18 4.45 mg/kg
) (P<0.05)
BT BHR
250
200
=2 150t
g WA R
100 5
S50 F k
O L s s s L s s L L
0 2 4 6 8 10 12 14 16 18
I iE] (min)

1 4 MBESYRIRERRESERSIRIAEIEE (320 nm)

Fig. 1 HPLC Chromatogram of the standards mixing solution containing 4 autotoxins at 320 nm
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400
350
300
JCIE 7200
% 250
200
150
|1
T 2
100 SR i 2=
) LA&_Q']\/\ M
0 _&/I - L
0 2 4 6 8 10 12 14 16 18
(1) (min)
2 HHREHEEIEE (320 nm)
Fig. 2 HPLC Chromatogram of a sample at 320 nm
*k3 EREXKTESYRMIE
Table 3 Autotoxins contents in alfalfa plant
(mg/kg)
A: AmeriStand 201T 174.44 £ 1.80 i 0.99+0.02 f 296.35+3.35d 4.08+0.03 ¢ 475.86
B: Arrowhead II 100.30 £2.16 n 0.35+0.02m 161.22+2.21j 0.49+0.03 m 262.36
C: Spredor 4 217.89+230¢ 0.27+£0.01p 266.24 £4.31f 0.25+0.01 n 484.65
D: AlfaGraze 300R 187.15+2.82 h 0.31+0.01 op 350.88+3.53a 2.61+0.05h 540.94
E: Arapaho II 163.82+2.46] 0.53 +£0.01 jk 251.98+1.51¢g 1.35+0.01 k 417.69
F: 173.73 £3.59 i 0.51+£0.01k 267.97+5.42 f 1.87+0.051 444.08
G: Boulder 134.11 £251 m 0.78 £0.00 h 340.04 =4.04 b 7.93+0.05¢ 482.86
H: Bullseye 26326 +2.51b 0.85+0.02¢g 306.25+4.02 ¢ 8.59+£0.05¢ 578.96
I: ForageGold 230.83 £2.53d 1.07+£0.01 e 192.45+2.011i 8.39+0.11d 432.74
J: GrandStand 193.84+0.03 g 0.56 = 0.02j 336.62+4.07 b 455+0.10 535.57
K: HybriForce400 147.24 £2.00 k 0.64+0.011i 84.59+£0.70 k 887+0.13b 241.34
L: Lancer 234.84+£2.52¢ 1.39+£0.04 ¢ 33447+3.51b 1.64 £0.02j 572.01
M: Liberator 217.61+2.70 ¢ 0.32+0.01 no 255.64 +£2.52 gh 0.65+0.011 474.21
N: Magnum V 139.67 £3.00 1 1.94+0.04 a 306.08+3.72 ¢ 9.40+0.03 a 457.10
O: Whitney 274.20+3.51a 0.48 +£0.011 291.37+4.00d 8.00+£0.18 ¢ 574.05
P: Select 212.11+£2.12 f 1.45+0.05b 278.48 +£5.51 ¢ 2.66+0.10 h 494.69
Q: 3 26.44+0.16 0 1.09£0.08 ¢ 259.66 +4.63 g 4.07+0.05¢ 291.26
R: 214.83 £2.57 ef 1.17+0.03d 34592+495a 4.64+£0.05f 566.55
P<0.05
2.3 A 18
4 18 4 12.33 mg/kg L 4

A 33.3%
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Table 4 Autotoxins contents in alfalfa rhizosphere soil
(mg/kg)
A: AmeriStand 201T 8.07 £ 0.06 a 0.06 £0.001 9.70 £ 0.06 a 2.47+0.03 ¢ 20.31
B: Arrowhead 1T 5.00£0.09 ¢ 0.81£0.01a 5.64+£0.05¢ 1.31 +0.06 de 12.76
C: Spredor 4 451+0.05f 0.73 £0.04 cd 421+0.14 g 2.67+0.07b 12.13
D: AlfaGraze 300R 1.80+0.05 ¢ 0.64 £ 0.02 hi 322+0.101 1.27+£0.02 ef 6.93
E: Arapaho II 4.68+0.05¢ 0.74 £0.01 cd 524 +0.08 ef 1.30£0.01 ef 11.96
F: 4.45+0.06 0.66 £ 0.01 gh 4.05+0.05h 2.70 £ 0.04 ab 11.87
G: Boulder 1.76 £ 0.03 gh 0.60£0.02j 3.20£0.08 1 1.27£0.01 ef 6.83
H: Bullseye 476 £0.02 d 0.74£0.01 cd 5.30£0.05 de 1.28 £0.01 ef 12.08
I: ForageGold 7.93+£0.06b 0.05+0.001 9.54+0.06 b 245+£0.02¢ 19.97
J: GrandStand 5.02+0.02¢ 0.72+£0.01 de 5.65+0.02¢ 1.18£0.01 h 12.57
K: HybriForce400 4.47+0.02 f 0.68+£0.02f 4.06£0.02 h 2.69+0.04b 11.90
L: Lancer 1.72+£ 0.0l h 0.59+0.00j 3.19+£0.021i 1.27£0.02 ef 6.77
M: Liberator 4.67+0.01¢ 0.69 £0.01 f 5.18+£0.01f 1.25+£0.02 ef 11.79
N: Magnum V 1.79+0.01 g 0.63+0.021 3.22+£0.021 1.28 £0.02 ef 6.92
O: Whitney 4.78 £0.05d 0.78+0.01 b 535+0.03d 1.37+0.02d 12.29
P: Select 7.96 £0.04 b 0.09 +0.00 k 9.59+0.03b 2.49+0.01c 20.13
Q: 3 5.05+£0.02¢ 0.75+0.01 ¢ 5.68+£0.06c¢ 1.20 £ 0.06 gh 12.69
R: 4.49+0.03 0.71£0.01 ef 4.08 £0.05 h 2.75+£0.04 a 12.02
4 12.33 mg/kg
A L 2.67% 18
L A 21.31% 18
4.61 mg/kg I P J 183.57 0.83 273.76  4.45 mg/ke 4
H O C K F R G 461 059 534  1.79 me/ke
4
(P<0.05) I 2.51% 71.08% 1.95% 40.22%
I B 6.17%
0.59 mg/kg CEH QJ RKM R
D FD NG L A 1
(P<0.05) 18 2.5
A G G
A 32.99% 5.34 mg/kg 469.32 mg/kg
I PBJ QH OE HE M ( 488.95 mg/kg)  4.01%
D G L N
(P<0.05) R 1.13 4.90 289.52
7l R 42.91% 180.81 mg/kg 4
1.79 mg/kg F R C K A I 0.78 4.22 265.88 184.95 mg/kg
PB ODEGHTLM N
(P<0.05) 30.97% 13.88% 8.17%
2.4 2.29%
3 4 18 4 2.6 18
( ) 18 4
462.61 mg/kg Pearson 3
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Fig. 3 The clustering analysis diagram of autotoxins in 18 alfalfa
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Determination of Coumarins and Major Phenolic Acids in Plant
and Rhizosphere Soil of Alfalfa (Medicago sativa L.)

RONG Sichuan'?, SHI Shanglil’z*, SUN Cancan'

(1 College of Grassland Science, Gansu Agricultural University, Lanzhou 730070, China; 2 Key Laboratory of Ecosystem of
Ministry of Education, Pratacultural Engineering Laboratory of Gansu Province, Sino-US Center for Grazingland Ecosystem
Sustainability, Lanzhou 730070, China)

Abstract: To find out the distribution characteristics of major phenolic acids and coumarins in 18 alfalfa (Medicago sativa
L.) varieties from different testing fields, the contents of these substances in plant and rhizosphere soil were determined by HPLC
method. The coumarins and major phenolic acids in plant and rhizosphere soil were extracted using ASE 350 accelerated solvent
extractor, and the extracts were stored at 2°C. After filtered through 0.45 pm organic filtration membrane, the autotoxins contents
in the extracts were determined by HPLC. Results showed that the contents of coumarin, ferulic acid, chlorogenic acid and caffeic
acid in 18 alfalfa varieties varied with plant varieties. Among these substances, the contents of coumarin and chlorogenic acid
were dramatically higher than those of ferulic acid and caffeic acid. The differences of single autotoxin content among varieties
were significant (P<0.05), and total contents of coumarin, ferulic acid, chlorogenic acid and caffeic acid varied with plant
varieties as well. In addition, the average contents of phenolic acids and coumarins from Huining testing field were 4.01% higher
than these from Wuwei testing field. In conclusion, the total contents of coumarin, ferulic acid, chlorogenic acid and caffeic acid
were significantly different among various alfalfa varieties (P<0.05), and the total contents of these substances in alfalfa plant
were remarkably different from those in rhizosphere soils.

Key words: Accelerated solvent extraction (ASE); HPLC; Medicago sativa L.; Coumarins; Phenolic acids



