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1 MDA
Table 1 MDA contents (on different sites) of the test species and corresponding subordinate function values
The test species Shady gully land Shady intergully Hilly top Sunny gully land  Sunny intergully ~ Subordinate
(nmol/g FW) land (nmol/g FW) (nmol/g FW) (nmol/g FW)  land (nmol/g FW) function value
Cleistogenes chinensis — 25.3340. 20 — 29.05429. 60 19.69+18.92 0.986
Cleistogenes squarrosa - 24,144+0.19 B 29.834+0.65 A - 20.2040.16 C 0.986
Bothriochloa ischcemum — 76.09414.72 74.92426. 20 54.23420.01 0.914
Stipa bungeana 24.5542.29 27.92+3.74 30.22412.33 28.60+4.63 28.3947.32 0.981
Astragalus melilotoides — 19.85+0.16 B 23.9940.19 A 15.28+0.12 C - 0.994
Astragalus scaberrimus 18.49+0.15D 52.16+0.42 C - 67.694+0.54 A 63.83+0.51 B 0. 944
Lespedeza davurica 106.90+4.84 b 155.31+4.73 a 144.58+12.03 a 151.67+11.28 a 133.77+20.17 a 0.799
Glycyrrhiza uralensis - 126.514+1.01 A 93.554+13.39 B  64.84+0.52 B 76.27+0.61 B 0. 878
Potentilla tanacetifolia 114.02+17.50 b — 112.004+4.79 b 155.62+1.24 a - 0. 817
Carex lancifolia 50.2143.96 — - — 0.944
Heteropappus altaicus — 32.8041.63 35.19410. 46 25.2944.03 26.0748.01 0.978
Artemisia scoparia 19.71£0.16 a 20.454+0.16 a 13.56+3.35 b — 11.74+£1.05 b 1. 000
Dendranthema indicum 29.3444.50 - - — — 0.979
Artemisia vestita 198.15+137.81 196.42+126.90 55.34416.57 213.72+138.98 214.61+65.32 0.738
Artemisia giraldii 371.88+100.12 409.30+43. 46 - 386.81+95. 82 368.37+50. 06 0.394
Sophora davidii — — — 69.16+6. 44 70.7340.57 0.912
Hippophae rhamnoides — 29.5542.34 B 40.66+3.42 A — 28.50+0.23 B 0.973
Periploca sepium — 98.8940.79 — 70.74438.01  123.98+34.87 0. 866
Buddleja alternifolia — 573.664+4.59 B 776.55+36.03 A 520.42+4.16 C — 0. 000
De“—=" 2 ., The “—” meant the species did not appear at the site condition, the same as Table 2.
2) . (P<C0.05), (P<<0.01), 2 , The

letter meant differences among sites for each species, small letter meant significant level (P<C0.05), capital letter meant highly significant level (P

<C0.01), the same as Table 2.
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2
Table 2 Antioxidant enzyme activities and non-enzymatic antioxidant contents (on different sites)
of the test species and corresponding subordinate function values
The test Index Shady gully Shady intergully Hilly top Sunny gully Sunny intergully  Subordinate
species land land land land function value
SOD — 1069. 38+8. 56 - 1242.12-£171. 47 1169.59+171. 44 0.769
Cleistogenes POD — 21.0740.17 - 20.494+6.91 21.0846. 40 0.063
chinensis CAT — 239.22+1.91 - 311.93+145. 54 330. 09+255. 03 0.303
GSH - 2487.41419.90 a — 1989.69+73.71 b 2250.654+466.71 ab 0. 600
Car — 4. 5440, 48 — 4.7040. 24 4.73+0.55 0. 847
SOD — 1460.63+11.69 A 1365.38+146.77 A — 1047.75+8.38 B 0. 903
Cleistogenes POD - 22.51+£0.18 B 26.07+25.31 B — 71.09+0.57 A 0.121
squarrosa CAT — 42.9640.34 b 269.394221.36 a — 0.01=£0.00 b 0. 000
GSH - 1843.50+14.75 A 1613.76+161.75 B — 1290. 32+10.32 C 0. 294
Car — 4,7340. 37 5.48+1.06 — 5.1440.39 1. 000
SOD — — 1206. 77+285. 78 1270. 394244, 06 1288.97+104. 89 0. 866
Bothriochloa POD — — 8.49+1.52 10. 774+2. 41 8.60+3.21 0.028
ischcemum CAT - — 174.71+£213. 31 189.15+69. 12 153.84+217. 54 0.110
GSH - — 1338. 944293, 34 1670. 80+180. 31 1579. 37+132. 00 0. 269
Car — — 4.8140.67 4,3540. 62 4.27+0.40 0.733
SOD  1296.114+123.71 1224. 84+163. 50 1216. 25+94. 35 1237.22+241. 69 1256. 36+185. 91 0. 857
Stipa bungeana POD 92.18+43.72 110.17+22. 40 93.324+29.19 123.04+45. 08 111.07444. 60 0.321
CAT  413.86=4130.74 579. 924267, 22 566. 194372, 52 733.43+331.68 581.554331. 86 0. 754
GSH  856.01+46. 67 952.08+37.92 933.91+115.73 997.23+172.91 1004. 00£107. 58 0. 000
Car 2.8840.10b 2.76+0.48 b 3.554+0.91 ab 3.46+0.43 ab 3.87+0.46 a 0. 399
SOD - 1189.92+9.52 B 1256.16+10.05 A 1089.44+8.72 C - 0. 787
Astragalus POD — 53.94+0.43 C 96.24+0.77 B 110.45+0.88 A - 0.263
melilotoides CAT - 212.78+1.70 C 357.334+2.86 B 466.37+3.73 A - 0. 386
GSH — 1612.71+£12.90 A 1610.32+12.88 B 1445.874+11.57 C — 0. 269
Car — 4.39+0.04 C 4.837+0.04 A 4.45+0.04 B — 0. 814
SOD  1361.17410.89 A 1176.3149.41 C — 1139.95+9.12 D 1336.46+10.69 B 0. 865
Astragalus POD 247.55+1.98 C 223.06+1.78 D - 557.75+4.46 A 292.54+2.34 B 1. 000
scaberrimus CAT  472.77+3.78 C 658.77+5.27 A - 567.96+4.54 B 468.53+3.75 D 0. 701
GSH 1215.7049.73 A 1051.4948.41 D - 1065.31+8.52 C 1136.36+9.09 B 0.078
Car  3.0240.02 A 2.54+0.15 B — 2.49+0.02 B 1.5440.01 C 0. 099
SOD  1422.88446. 60 1474. 64+50. 46 1410. 33+69. 80 1452, 22+73. 21 1166. 83+192. 16 1. 000
Lespedeza POD  0.0340.00 0.0240.01 0.07-0. 09 0.0240.01 0.02-0. 03 0. 000
davurica CAT  212.9042.15 262.514109. 56 99.23+118.02 90.47483.57 262. 944227, 62 0.130
GSH  1435.484178. 55 1416.53+101. 44 1780.69+211.75 1723.71£311.02 1606. 52+ 257. 63 0.299
Car  4.6240.87 4.22+0.75 4.38-+0. 06 4.22+0. 22 4.01-0. 49 0.726
SOD - 1410.61+11.28 A 1216.64+262.00 AB  1035.29+8.28 B 1346.81+10.77 A 0. 863
Glycyrrhiza POD - 0.0140. 00 0.01=0. 00 0.0140. 00 0.01=0. 00 0. 000
uralensis CAT — 29.87+0.24 D 287.72+44.57 B 389.46+3.12 A 211.20+1.69 C 0. 201
GSH - 1489.70+11.92 A 1282.144+118.53 BC  1196.41+9.57 C 1326.51+10.61 B 0.174
Car - 2.7440. 81 2.76+0.56 2.67+0.02 2.96+1.22 0. 226
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2 Continued

The test Index Shady gully Shady intergully Hilly top Sunny gully Sunny intergully ~ Subordinate
species land land land land function value
SOD  1361.66-38.92 A — 1019.87+173.60 B 1020.3948.16 B - 0. 742
Potentilla POD 0.014+0.00 B — 0.0540.03 A 0.0140.00 B — 0. 000
tanaceti folia CAT  495.39-4154.63 a - 391.254521.83 ab  0.00-£0.00 b - 0. 306
GSH  1190.85+171.65 - 1282. 144166, 84 1201. 9249. 62 — 0.128
Car  4.05+0.45 b — 1.5040.22 a 3.89740.03 b — 0.678
SOD  1101.094-134. 87 — — — — 0.708
Caren lancifolia POD  0.01-0. 00 — — — — 0. 000
CAT  526.524137. 65 - - - — 0.676
GSH  1064.82+7.62 — — — — 0. 054
Car  3.2240.97 — — — — 0.371
SOD — 1003. 58484, 73 1033.79+222. 38 1085.85+314.64 1032, 26+502. 82 0. 644
Heteropappus — POD — 2.36=40. 51 5.4944. 62 5.03+1.41 5.4043. 61 0.014
altaicus CAT — 434.96+445. 39 340. 64+105. 08 1156.574906.62  550. 69528 32 0.827
GSH — 1309. 21+66. 61 1288. 48+113. 88 1286. 60+45. 59 1287.80+178. 34 0. 160
Car — 3.2240.08 3.3040. 36 3.06+0.18 2.9940. 39 0. 346
SOD  1042.1548.34 ab  1130.5749.04 a  914.70490.08 b — 922.96+203.21 b 0. 607
Artemisia POD  1.94%+0.02 1.2540.01 1.4540. 81 — 1.7440.81 0. 005
scoparia CAT  126.134+1.01 - 331.98+335. 33 - 349. 88+388. 14 0. 264
GSH  1663.23+13.31 A 1080.054+8.64 C  1599.18-+189.84 AB — 1378.43439.23 B 0.223
Car  2.8240.25 3.14+0.18 2.7340.01 — 3.1340. 26 0.283
SOD  1167. 12299, 29 - - - — 0.776
Dendranthema POD  6.78+4. 25 — — — — 0.021
indicum CAT  522.544217. 20 - - - - 0. 670
GSH  1023.97+126. 08 - - - — 0.035
Car  2.10740. 38 — — — — 0. 000
SOD  880.78=4274.26 ab 1056.27+214.22 a 597.47430.27 b 941.774247.89 ab  1228.19489.31 a 0.543
Artemisia POD 3.07+40.81 2.34+1,07 2.69+0.95 3.33+1.36 1.9240. 45 0.008
westita CAT  174.54482.84 486.46+351. 63 452. 924453 81 373.544256. 02 524. 4029, 80 0.477
GSH  1329.18+21.73 1331.204111.55  1271.63+150.43 1387.944127.84  1238.45+76.28 0.168
Car  2.8140.18 b 3.2040.39 ab 3.3740.15 a 2.8840.36 ab 3.2040.29 ab 0.329
SOD  322.74+37.43 b 425.88+235.76 ab — 194.08420.96 b 704.75+411.89 a 0. 000
Artemisia POD  6.56=+1.92 5.4342.27 — 4.6640. 61 5.6540.77 0.017
giraldii CAT  380.144292. 73 453,60+ 171, 44 - 418, 67+328. 88 516. 134272, 29 0.541
GSH  2624.50+254.06 b 3462.62491.09 a - 3113. 60351, 68 ab 3221. 39+250. 35 a 1. 000
Car  3.02740.89 2.9340. 30 — 2.9140. 14 2.8740.30 0.276
SOD — — — 1424. 30431. 84 1115.3148. 92 0. 881
Sophora davidii POD — — - 231. 80+107. 03 137.39+1.10 0.559
CAT — - — 335.684321.17 192.1341. 54 0. 256
GSH — - — 1227. 21437. 00 881.45+7.05 0. 049
Car — - - 4.16+0. 29 3.53+0.03 0.578
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2 Continued
The test Index Shady gully Shady intergully Hilly top Sunny gully Sunny intergully ~ Subordinate
species land land land land function value
SOD — 1072.394+134.19 a 753.404275.21 b — 801.58+6.41 b 0.477
Hippophae POD — 0.11£0.05 A 0.03+0.01 B - 0.0840.00 A 0. 000
rhamnoides CAT — 172.61+147.81 B 274.56+134.06 B — 597.61+4.78 A 0. 391
GSH — 1227.52+22.32 ab 1365.544197.64 a — 1125.374+9.00 b 0.135
Car — 4.73+0.83 A 3.84+0.03 AB — 3.6040.03 B 0. 649
SOD - 1285.51+10.28 a - 1298.27+33.12 a 870.32+258.84 b 0. 760
Periploca sepi= POD - 3.13£0.03 b — 26.46+15.67 a 9.404+8.63 b 0. 039
um CAT — 447.8443.58 A — 107.994+120.59 B 85.26+9.74 B 0.175
GSH - 1405. 78+ 11. 25 - 1762.21476.75 1788. 00+540. 54 0. 326
Car - 3.13+0.39 a — 2.77+0.44 ab 2.50+0.17 b 0. 232
SOD — 753.47+6.03 C 1141.59+14.54 B 1187.95+9.50 A — 0.633
Buddleja POD - 0.29+0.00 B 0.43%0.14 B 0.64+0.01 A — 0.001
alterni folia CAT - 814.7746.52a  746.724193.69 ab  625.3345.00 b — 1. 000
GSH — 1455.14+11.64 B 1487.90£75.06 B 1605, 56+12. 84 A — 0. 263
Car — 3.407£0.03 C 3.78+0.20 B 4.284+0.03 A — 0. 570
Unit, SOD; U/(g FW + h); POD; pg/(g FW « min); CAT; U/(g FW « min); GSH: pg/g FW; Car: mg/L.
. ) SOD , CAT , SOD.POD Car
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2 ) . N
(P>0.05), (P<C0.05) (P<C0.01)
2.3
s s
N N N s
P N N
s N N s
) ) C 4, (
) ,
3
3.1
MDA ,
el ; SOD
GSH . o
P s s
. MDA , Car ,GSH ,

,Car

GSH



8 ACTA PRATACULTURAE SINICA(2014) Vol. 23,No. 5

B4 M B 5 Buddleja alternifolia
s riemisiagiraldii

AT E Artemisia vestita

% Dendranthema indicum

% £ & Artemisia scoparia

H & Glycyrrhiza wralensis

F¥LHD Periploca sepium

¥b @ Hippophae rhamnoides

it & & Carex lancifolia

I 38 M 8 Heteropappus altaicus
W & ‘otentilla tanacetifolia
it & B T Lespedeza davurica
155 Stipa bungeana
Bothriochloa ischecemum

-

=N

+ B Astragalus scaberrinis
JREF H Sophoradavidii
AR AR B Astragalus melilotoides

L Cleistogenes squarrosa
T & Cleistogenes chinensis

0 0.1 0.2 0.3 0.4 0.5 0.6
6TH H ¥R 1Y 35 R 8 8 H{E
Averaged subordinate function value of six indexes

4

Fig. 4 Antioxidant capacities of the text species

. . (20%~30%) el 3
1) ’ terd ’
) . . . . . . MDA
. . . SOD .
,Car , . CAT GSH
POD , H,0, , MDA ., MDA SOD
(28] | SOD,.POD Car ,
, 12.8% SOD B
. SOD ,
, . Car
,POD ,GSH ; CAT
. ; SOD  POD .
. . MDA
, . . MDA . . . ,
. . MDA
o , MDA ol )
DNA . mtDNA S . ,
MDA . .
3.2

o SOD.POD.GSH  Car ) SOD,



23 S 2014 9
GSH Car , CAT , SOD.POD  Car
) . SOD
GSH ) SOD 0, ", 'O,
- OH . GSH (R+) , (ROOH)®I, ,GSH
(P<C0.01),CAT (P<C0.05), CAT H,O,.
POD , Car (P>0.05), 'O,
SOD  Car , GSH H,0,, CAT
3.3
4 b b b
,POD GSH .Car
(P<C0.01),MDA (P<C0.01), ;
Ls2] ° ’
CAT , (P<C0.01), (P<C0.01),
; Car (P<C0.05), Car .
(11. 9% ~17.2%) , el
o ’ 2.5 m, ’
(341
) o , MDA
, SOD.POD  CAT Car ,
. ) POD (P<
0.01),CAT . , SOD )
SOD s8] .
, SOD (P>0.05), ,
, . ) GSH  Car (P <C0.05),
[26] b b b
, [37-38] ,
( ) MDA
) CAT GSH ,Car , .
(20 . . (Artemisia annua ) , MDA .SOD,POD,
CAT .Car (Vo , > > > ,
o o . N (Agropyron cristatum) (Cleistogenes songori-
ca) , (DHAR) . (MDHAR)
(GR) ) ,

o °



10 ACTA PRATACULTURAE SINICA(2014) Vol. 23,No. 5
4
, CAT SOD
, SOD.POD Car ,C, Cs
GSH  Car .
’ ’ [10] s
s s

s o

[1] Apel K, Hirt H. Reactive oxygen species: metabolism, oxidative stress, and signal transduction[J]. Annual Review of Plant
Biology. 2004, 55 373-399.

[2] Papadakis A K, Roubelakis-Angelakis K A. Polyamines inhibit NADPH oxidase-mediated superoxide generation and putres-
cine prevents programmed cell death induced by polyamine oxidase-generated hydrogen peroxide[ J]. Planta, 2005, 220(6) .
826-837.

[3] [M]. : . 20086.

(4] . . . (1], . 2013, 22(1); 176-182.

[5] s s . 1 [yl , 2012, 32(4) . 1174-1184.

[6] , , s [Jl. » 2013, 33(5): 1386~
1396.

[7] Gechev T, Willekens H, Van Montagu M, et al. Different responses of tobacco antioxidant enzymes to light and chilling stress[J].
Journal of Plant Physiology. 2003, 160(5): 509-515.

[8] Carvalho L C. Solanum lycopersicon Mill. and Nicotiana benthamiana 1. under high light show distinct responses to anti-ox-
idative stress[J]. Journal of Plant Physiology, 2008, 165: 1300-1312.

[9] . . y . 1. . 2005, 25(5): 37-41.

[10] , , . [J7. » 2002, 26(3): 339-345.

[11] . . . (1] , 2000, 14(4) ; 87-90.

r12] ™M1 . , 1979,

[13] , . L (Il , 2001, 25(1):

90-98.
[14] Asada K. Production and scavenging of reactive oxygen species in chloroplasts and their function[ J]. Plant Physiology. 2006,
141, 391-396.

[15] , . . 1. » 2013, 22(4); 69-75.

[16] . . Ll , 1994, (6): 14-16.

[17] s s .. ( IDIRAR , 2004, 33(2). 77-80.

[18] Jimenez C. Differential reactivity of &carotene isomers from Dunaliella bardawl toward oxygen radicals[ J]. Plant Physiology,

1993, 101. 385.



23 5 2014 11

[19] . . [M]. : » 2006.
[20] Riffith O W. Determination of glutathione and glutathione disulfide using glutathione reductase and 2-vinylpyridine[J]. Ana-
lytical Biochemistry, 1980, 106(1): 207-212.

[21] . — [Jl. , 1986, (3). 26-28.

[22] . , . (Jl. . 2013, 22(2). 257-
263.

[23] , , . [M]. : , 2009,

[24] . Lyl . 1986, (4): 23-26.

[25] . , . (Artemisia giraldii) 0. . 2012, 26(6): 56-
59.

[26] . . . L. , 2008, 31(2): 16-20.

[27] . C 2 HIMIL : . 1999,

(28] , . . 0l , 1990, (4); 30-32.

[29] . . . [yl . 2010, 30(12); 2466-
2471.

[30] ; . [Jl. . 2004, 15(12); 2261-2266.

[31] . . DNA L1 . 1995, (5): 429-432.

[32] , . . .6 [Jl. . 2006, 21(4): 43-46, 68.

[33] . . .o [Jl. , 2011,
(6): 22-25.

[34] , , . L. » 2003, 10(2) . 25-27.

[35] , , . [J1. (

), 2012, 40(7): 203-208.

[36] ; , , L. . 2008, 16(4): 403-407.

[37] . . ) 4 [Jl. . 2010, 19(2): 21-
30.

[38] . . . ( )[J]. Acta Botani-

ca Sinica, 2002, 12: 1484-1490.
[39] . [DJ. : . 2010.



12 ACTA PRATACULTURAE SINICA(2014) Vol. 23,No. 5

Antioxidant properties of plants on different sites in the hilly-gullied Loess Plateau
HU Shu', JIAO Juying’, DU Hua-dong’, MIAO Fang®
(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100,
China; 2. Institute of Soil and Water Conservation, CAS&MWR, Yangling 712100, China;
3. College of Life Sciences, Northwest A&F University, Yangling 712100, China)

Abstract: This study investigated antioxidant properties of main plant species on 5 different site classes (sunny
or shady gully and inter-gully land or hilltops)) in the hilly-gullied Loess Plateau. From field sampling, the ac-
tivities of the antioxidant enzymes-superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), the
contents of two non-enzymatic antioxidants-reduced glutathione (GSH) and carotenoid (Car), and the malondi-
aldehyde (MDA) levels of leaf tissues of nineteen species were determined. There were highly significant
differences in MDA accumulation among species on each site (P <C0.01). This indicated that the test species
suffered varying degrees of membrane lipid peroxidation, with Buddleja alternifolia and Artemisia scoparia
being highest and lowest respectively. There were significant differences in antioxidant enzyme activity or non-
enzymatic antioxidant levels among sites for each test species, except for Bothriochloa ischcemum , Lespedeza
davurica, Heteropappus altaicus and Sophora davidii, which suggests that these four species possessed up-
regulation of antioxidant enzymes and non-enzymatic antioxidant synthesis regardless of different site stresses,
while Cleistogenes chinensis, Cleistogenes squarrosa , Stipa bungeana , Astragalus melilotoides, Astragalus
scaberrimus , Glycyrrhiza uralensis, Potentilla tanacetifolia, A. scoparia, Artemisia vestita, Artemisia gi-
raldii , Hippophae rhamnoides, Periploca sepium and B. alternifolia regulated their antioxidant enzymes or
non-enzymatic antioxidant levels. From the botanical family perspective, antioxidant properties of the test spe-
cies were distinct. CAT and SOD were respectively produced by five composite and five leguminous plant spe-
cies to reduce damage from reactive oxygen species. Four graminaceous plants were able to attain high SOD,
POD activities and Car contents to maintain a low level of membrane lipid peroxidation. Because of different
carbon assimilation pathways. antioxidant properties of the test species were also distinct. In particular, C,
plants had higher GSH and Car contents than C; plants. As assessed by a multivariate ‘subordinate function
value” method, the overall ranking for antioxidant capacity of the nineteen species was as follows: C. chinensis
>C. squarrosa>A. melilotoidesS. davidii>A. scaberrimus>B. ischcemum™>S. bungeanaL. davuri-
ca>>P. tanacetifolia>H. altaicus™>C. lancifolia>H. rhamnoides>P. sepium >G. uralensis>A. scop-
aria>D. indicum™>A. wvestita>A. giraldii™>B. alternifolia.
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