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Growth Responses of Six Leguminous Plants Adaptable in Northern Shaanxi to

Petroleum Contaminated Soil
SHAN Bao-qin,ZHANG Yong-tao,CAO Qiao-ling, KANG Zhen-yan, Ll Shu-yuan

(School of Petroleum Engineering and Environmental Engineering, Yan’an University, Shaanxi 716000, China)

Abstract: To select appropriate native species in Northern Shaanxi for phytoremediation, the growth index of six kinds of leguminous
plants planted in petroleum contaminated soils were investigated through pot culture. Petroleum concentrations were set at 0, 5000,
10 000, 20 000, 40 000 mg-kg ™" respectively with three replicates. Using different levels of seed germination rate, germination time,
individual height, wilting rate, dry weight and chlorophyll content in leaves of tested plants as the ecological indicator. The results
showed that tested plants have significantly different responses to petroleum pollution. Compared with those planted in clean soils, seed
germination rate and individual height were promoted when petroleum concentration was lower than 5000 mg-kg ™', but inhibition
occurred when petroleum concentrations were higher than 10 000 mg-kg™'. Strong endurance of Medicago sativa was observed to
petroleum polluted soil, especially at lower petroleum concentration. Leaf wilting of Robinia pseudoacacia was unobserved even when
petroleum concentration was 40 000 mg-kg ™", thus displaying the potential of remediating petroleum contaminated soils. The petroleum
concentration was significantly and negatively correlated with seed germination rate, individual height and dry weight, but positively
correlated with chlorophyll content in leaves.

Key words : Northern Shaanxi; leguminous plants; petroleum contamination; soil; endurance

WALy v 2 A RE DR SE 3, A7 1R D A
Bk 1142w RO | s rhld 2,
THAEAE | SFNO e S B ROE mE  Ake2Es
BPATRIR g A N TIR S 7827 NARREN S | ATIBI S &7
3 A JE TS e TR A E AL fi
TIEESIBIR | AW 2 RETE BRI 2 307 8
P18 0RO e 2 B 0 2 ) AR R PRt 7
TR e JEE.

JEMIFR X 5 R B E BRI 2 2l
M4 LS ST EY B AR
( phytoremediation ) T A /2 DI AE ) 2L it 1 e AH R AR5 i
15 YW BRI S SE A, A TR W S A i A= W 1 2
XERIE G QW) AT I bR L o W R il

PRI TS LIRS (2 R AR R B
AR, KRG PSR Z TR MR
TERE ST Y (0 TR o o b AL W 2 2 . il b ok
b AR AR A IR ST A AR W AT AR B, IR A N LA
FK=EZ. T EA N E R R R, MY B
ST RGACN T PER ST

G LR Ay SRR 85 B 2 114 i 14 - IS0
T LR R - T AL R A 1B A B B i

Wi BHEA; 2013-07-24; 1&ITHHA: 2013-09-22

BEE£IWE . Py AR AT H (2010JQ5007) ; BRPE A AT IT
BHF 5 H (2010JK920 ) ; #E 4¢ K 2= A% P9 A 4 5 H
(YD2009- 03 ) ; A NE=SC IR G W T 1 =
(201307123)

EHERN: TS (1970 ~ ), 2, Wit B8, ZEM57 R ARG
Yu 4= Y115 5 | E-mail ; xiaoshanbao@ 163. com



1126 AN 5%

B % 35 %

LRl TAF 2 R E ARR B EACRIZOEOR. 1
TR EAT 19 A 2SR S (5 B0 ) o R AR AR ) Rl
A WHEITALRE A5 A ) ik FH DR T 5 2488 R
R, SRS AR | PO S AR S s
EAF—HRETIE R A Y 2
PR AR B JE I F 2 RN TR AR S
FRGUEIE IT I HTAE B 14 78 425 T o o 1) 583 0 S 1 2
BEMEN A KA B BB X s AE | F
1338 & A W T i 52 g # Bs E BF 5 1 DL 4R
. Bl s RE A AN X, SR T R, 9
Bl 22 02 MR R o3 A DR AT O A )
Bk SRUEYIA R BASE | TR L R R LA
FLIE R, B B L b X A1 53 A5 1) P .
A FEET B 1 DX 3 o S O A P b 28 i R
6 PG R & HAHYIVIHTHE (Astragalus adsurgens) | %5
W H 18 ( Medicago sativa ) . 41 = M ¥ ( Trifolium
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FHBER ek E " LI h & g H3EhNH, N
2R,
1.3 RIY TS G 2 1 i e

2012 4F 4 H A7 A ks, R IR L 0,
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T EE T A AWM RS PR RSRE.
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REGEHE ] Excel F1 SPSS 18. 0 TG0 HT
Excel ZRAFHi K.

2 HFREHM

2.1 JEUHYG Ykt - HEEA I R A5 iR
IR AT FEAS [ S0 5 Yl B Ab X 4 Ak
(el s, Ko A K PR 5 1T 5 R
WeRE v IR BRAL MR B, L3R 1. R HLRR
W S e B8 P 1 T e R - USRS R
TS i S 2K T AN, A A [R) R e g 2 A8
W b R AR S = AR R & = = 20000
mg kg ™R EE I 583 R T RIS I HE; FE b -4 pH
B R BE , =10 000 mg-kg ™" J5 ¥k B 5 B 5 it vk

F1 FAEKRERHTETENELERY

Table 1 Soil factors in different concentrations of petroleum hydrocarbon

VaplipedridEs R PR A AL Wt EERC RS
/mg-kg ™! /% /pgg”! /pgg”! ol /pg-(g-h) ! /uS-em ™!
0 2. 15a 8.95a 2.04a 7.62a 0. 16¢ 112. 56a
5000 3.93ab 10. 22ab 2.92a 7.72a 0.07b 145.03a

10 000 7. 19ab 15.35h 2.09a 8.08b 0. 06ab 208. 56a
20 000 15. 92be 14. 80b 4.09ab 8. 18b 0. 05ab 427. 13b
40 000 26.41c 15. 10b 8. 09 8.30¢ 0.02a 704. 56¢

1) [FFVEAREPRA R NG TR B FOR ARG R EZAE P <0.05 KV LR R
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JEESE T 2 E G RS PRSI S N T ORI S TR (H R R Y H 2F AR 2 A2 B i I
RSN A8 F B TR ik BE A3 hnng W, 0 IR ,5 000 mg-kg T 6 R A 4 K 2F AR S T
el S RSN R JE R TR S AL B, 20000 TEIE L AyxT B 8 AR BE S X AR ) K 2R AR

mg-kg ™' Fl40 000 mg-kg ™" Wi 2257 10 3. VERT, Ji B Tt 75 e v 2 8 g 113 25 R [ IR, 40 000
2.2 HWIIEIS 100 B mg kg~ FEIRBETS YL I T ZF AR AR 5 TR TG Qe

2.2.1  JEIh TG Y XA & A (] SR R R LB 6 FhAs W 0 28 3 3 0l R Rl SR AEH AE
NFE 2 R ML 2E R 2R R 2 B A 8.3% . WAL T 19.8% . 7 4k 27.4% . VAT HE
ARG W R TS Y AR R MR, 6 PR 29.9% | 21 =55 33.3% | HIME 42.29% , Hh 4
MYV ATHE, S E S, 4 =R FRAM BE2i5sgmss, Fl K.
Yy, SRS AT SRR VR IR TR, Jeis g FHN FTRE | 20 =0 SR A S 7R
AEBREE K ZERTEN 3 ~6 d, 7K > HEAR > A 20000 mg-kg ™ HR AL FREE B A 2R, 40 B2
T, AT WA R 32 XA ) A S 0 LR ) R AR 25 5 21% . 32% . 14% . 7% , 40 000 mg-kg " ¥ & i A
() P AR ) 1 2 () B s e ok BE G S i W A R IR E] 28% | 46% | 19% |, 10% ; AL ETE
R IERIRTEA > FEAR > FAMY), RIMIER &Y 40 000 mg-kg ™" ¥ B I A I A5 25 9% , HI#E R WL
iy SVREETS YL AL PR AR ) 2R RO ROR > AR
F2 REWRE SR A H R R 5

Table 2 Germination rate and germination time of tested seeds in different concentrations of petroleum pollution

A IEHE /mg - kg ™!

SRy L] 0 5000 10 000 20 000 40 000
WEEmHE/d EER %  WZEREL/D WEER/ % HZERHE /A HEZER % HEEREL/D HEER/%  HEERE/d R EER %

1 VTRE 4 66.7 5 73.3 7 60. 0 8 46.7 16 46.7

2 BRAEEE 3 80.0 5 86.7 6 80.0 8 73.3 14 73.3

3 4= 4 73.3 6 77.8 8 73.3 9 62.2 15 48.9

4 KT 4 62.1 6 70.5 10 55.8 14 51.3 16 49.8

5 Fr4& 5 53.2 6 55.9 11 46.7 16 42.1 18 38.6

6 il 6 46.2 6 46.7 13 40.0 20 26.7 22 26.7

2.2.2  JEhIE YR A K AR AR 5 FTUE 52. 0% . EAEE 15 40. 5% . Hl# 38. 9% | Wk

B Arprml i M bk . TEAMNSGESE THN31L.5% ., #5530.4%.
Y52 3 R TE Y 25, SR A TE AR SR AR 6 PR I SR 3 S B B T A 22 5

F£5 000 mg-kg ™' ALFHATHEG & IO XTI S BETS TR S EA > BUAR. 40 =Rt e R B B R R S
ek BEMA MW, VHFTRE, =R AT G R T — e A, e HAES 000 mg-kg !
IR AR S 232 B s Je g e, HRT5 4y AbER 5 075 Yexd IR BE A F5 7 | 5 B 15 YL vk 5 ok
VLI ANT R, 6 Pl ALY Bk 25 7E40 000 mg-kg™'  THIEHIHE I, 40 000 mg-kg ™" &b B ¥k & I 35 3] i K
ARFRI 5 TCT5 Yot A, FEAREAIR OO 20 =8 () SHE 5 TR 2 00 AR a3,
68.8% . M| B 41.5% . ¥ 4% 39.2% . WAL T 2.2.3  MCHEAMT
35.5% . VPHTHE 21. 6% | S5AEFE 5 25. 0% . W& 3 YA K S 5 T AE S BT R B
TR R v 0 Dl v B B R T AS [R), VDA THE D A s 2R S b A R S 6] T A 22 5%, 5k
BUTES 000 mg-kg ™" HIBEAEI0 000 mg-kg ™", #FACTE SR GAC, ARG i 2, TR AR dodE.  [RI b
20 000 mg-kg ' Pyt 2F 4000 5 D v G vk BE W 2 UM DG AR 2
AL ETE AT 25 T EEAES 000 mg-kg ™ A3 ibfE] 2 20 505 Y W R ), Bl R A PLEK |
Ak i3 0TS G X B 5 B v B IR M s R, AR | pH BH SR A B 3 K, H
AN UFTRE ) A =nb R SRR T AT SR G, MYtk AT E Y S YR A
YU Rb IR ES /N T I0 T e X B ELRE TS ek BE IR et B AR OGR4 T 5 T 3 Yl e R
W, 6 FPAE Y T EAE40 000 mg-kg ' AbHET 5T ML MRS RSP D EIEME, A >
V5 Y FEAR EL Bl NI R 2D =R 70 1% ¥ R > R [R5 SR TS ek B I 2 EAR DG, 5 I
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Fig. 1 Index of tested plant in different

concentrations of petroleum pollution

BB, HA . pH, BRI R IEA S, H
IR AR OC. ARG 2R R R B | AL
W pH . M5 B IE A SC, (H 5 0K 3%
GBS

3 itie

W) HE SO0 32 B S ofe . B KO, 5
FAE AE 20 T B 2 T A 2R AR 9T R
FHE AR, A% 4 i A 25 R 2 5 0 DA DT ok
e — BB B AR O E O 75 1 B AL 38 A e i il
YA, N6 FhE BT Y A ZERFIR] S 2E R A7 R
TG YL ST TR P 420 S 25 B 0] Bt T e v 3
T B 4R ) AESRARR TR AR > JER > RO, 3
MRAER e W . 5 T0T5 e A BXT L, 28 3 R R
UOREACTETE <R <#rdk <UDHTHE < 21 = 3L
<HIME. 30 B 157540 000 mg-kg ™" B H 2F R T &
12 8. 3% , F BB T 32 77, b W & (14 30 il v
B R T R B TR T R I R K S Y 0
P, SR (A St T RS T 34 Rk

TR o AR ) A8 5 D T e B i i 7R 4
B, — A Sy A ] B[R] AR ) A= 4 R B T B A )
FHOR B E AR IE. 40 000 mg-kg ™ W R 50
15 YA L bR = AR AR R S BT < D ATHE < ¥

*®3 EMEKSLBERFHEXEST

Table 3 Correlation analysis between plant growth and soil factors

H2E R 2E T ] L7 e TH S 3 MiZEH
LYEa -0.653" " 0.377 0.723*" 0.719** 0. 506 * 0. 065
TR -0.450* 0.849** -0.456* -0.462 " 0.601* 0.551*
PSVERiIN S -0.658 " * 0.454" -0.408 -0.401 0.523* 0. 082
BA -0.377 0.715** -0.357 -0.366 0.525* 0. 346
K -0.343 0.741** -0.384 -0.363 0.458 * 0.639*
pH -0.431 0.820** -0.411 -0.415 0.577* 0.478*
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