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Abstract: To investigate the effects of the mixed addition of shrub and grass litters on the remediation of crude oil
contaminated soil, a total of 9 types of mixture litters that mixed from 10 common shrub and grass species in northern
Shaanxi were selected. The single-specific litter or litter mixtures were added into 15 g/kg crude oil contaminated soil at a
proportion of 2% (litter: soil, w/w), and then a 150-day simulated necrophytoremediation experiment was conducted at
the room temperature (20—25°C) with constant humidity. The results indicated that single-litter treatments significantly
increased the degradation rate of the contaminants (the degradation rate of crude oil increased by 35%—58%) and the

contents of nitrate nitrogen, available P and available K (36%—5600% ), and most of the treatments significantly
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increased the activities of sucrase, urease, alkaline phosphatase and dehydrogenase by 40%—680% in the contaminated
soil. In addition, the mixture of litters of Bothriochloa ischaemum with Periploca sepium and Sophora davidii, Lespedeza
davurica with Artemisia gmelinii, L. davurica with Heteropappus altaicus and Artemisia annua or A. gmelinit with P. sepium
could promote the degradation of crude oil and its components as well as the significant synergistic effects. As compared with
the single-litter treatments, the degradation rates and the predicted values in these mixture treatments increased by 5%—
28% and 5%—17% , respectively. At the same time, the antagonistic effects in these mixture treatments could weaken the
supplement ability of soil available N ( especially the nitrate N) and the stimulation effect of soil enzymatic activity
(‘especially the activities of sucrase and dehydrogenase) , which decreased by 6%—78% and 14%—67% as compared with
the predicted values, respectively. In practice, the above mentioned mixture treatments could enhance degradation capacity
of litter to contaminants, which still need to combine with other remediation methods to improve the biochemical properties
of the contaminated soil. However, compared with the single-litter treatments, the mixing of litters of B. ischaemum with S.
davidii, A. gmelinii with S. davidii or P. sepium with S. davidii significantly decreased the degradation rate of contaminants.
Thus, to avoid their antagonistic effects in the remediation of crude oil contaminated soil, different litters should be
separated. In general, adding mixed litters with high polyphenols, flavonoids, organic acids and P contents, low C content
and C/P ratio, and high chemical diversity were more favorable to remove the petroleum contaminants in soil. However, the
mentioned secondary metabolites from litters might be adverse to recovery of the nutritional conditions and enzymatic

activities of the contaminated soil.

Key Words: necrophytoremediation; mixed litters; non-additive effects; crude oil components; soil chemical and

biological properties
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Table 1 The initial elementary characteristics of litters

%Y B C AN WP K C/N I C/P It N/P I
Litter /(mg/g) /(mg/g) /(mg/g) /(mg/g) Ratio of C/N Ratio of C/P Ratio of N/P
SESA 389.32(13.79)b  9.39(0.13)e 0.43(0.00) g 11.96(0.57)e  41.44(1.07)a  896.77(32.38)a 21.63(0.32)a
kL AT 218.01(5.37)d  18.12(0.42)¢ 2.81(0.48)b 7.48(0.29)f 12.03(0.11)ef  81.69(12.41)e 6.79(1.05) be
BT 450.65(1.46)a  16.62(0.08)¢ 0.75(0.12)fg  19.48(0.28)c  27.12(0.17)b  637.54(105.52)b  23.47(3.78)a
B SR ZR A AL 223.39(2.30)d  17.26(0.27)¢ 1.58(0.06)de  22.48(0.27)b 12.95(0.33)de  142.33(6.66)d 10.98(0.24) he
W 201.55(9.20)d  28.28(0.20)a 2.25(0.03)¢ 19.49(0.29) ¢ 7.13(0.37)g  89.52(3.12)e 12.58(0.25)b
FLA 341.05(13.13)c  12.42(0.09)d 1.11(0.09)ef  14.49(0.86)d  27.47(0.95)b  310.50(22.02)¢ 11.33(0.84) be
TR 403.78(5.39)b  29.02(0.05)a 1.11(0.09)ef  12.50(0.29)e 13.91(0.17)d  369.44(35.01)c¢ 26.51(2.21)a
B 398.69(17.84)b  25.12(0.29)b 2.97(0.03)ab  24.90(0.01)a  15.87(0.65)c  134.53(6.73)d 8.47(0.18) be
VK 221.45(4.76)d  17.16(0.54)c 3.44(0.07)ab  24.44(0.32)a 12.94(0.59)de  64.52(2.20)e 4.99(0.06) ¢
Ttk 196.23(10.38)d  17.95(0.80) ¢ 1.83(0.21)cd  23.92(0.01)a  10.93(0.20)f  108.83(7.04)d 9.97(0.72) be

H2EE Bothriochloa ischaemum ;iK% BEAK T Lespedeza davurica; BT Artemisia gmelinii; B /R 28 S i A€ Heteropappus altaicus ; V5§ Hippophae rhamnoides ; FLA

Periploca sepium ; - K| Sophora davidii ; ¥ Artemisia annua; K5 Agropyron cristatum ; 15467 Bromus inermis ; [F) 5\ [F) F-4: 3 7m YA Y& W) 1] 24 53 .3, P<0.05

http ; //www.ecologica.cn



19 SRIGEIR 45 - O R P TR A N IO T 75 e B S ORI 7703

R2 BEHREFHNGRSE

Table 2 Initial contents of metabolites in litters

T Y P A . A ) "
—_— £ L Wik L s L
. Polyphenols/ . Terpenoids/ Amino acids/ Flavonoids/ Organic acids/
Litter saccharides/
(mg/g) (mg/g) (ng/g) (mg/g) (mg/g)
(mg/g)
SES 5.35(0.20) gh 0.41(0.05)f 3.99(0.11)d 9.29(0.60) ¢ 10.11(0.70) 10.50(0.00) ¢
ik BT 14.13(0.67)f 1.90(0.01)d 11.24(4.12) ¢ 10.04(0.09) be 15.21(1.11)f 9.90(0.10) ¢
BRFFE 16.43(0.17) e 0.74(0.04)ef  21.93(2.77)b 3.15(0.38)d 42.37(1.70)d 7.90(0.30) e
Fif 7R 28 S ik 4K 19.38(0.28)d 1.09(0.09) e 20.00(3.80) b 12.06(0.08) be 69.73(3.67)c 7.90(0.30) e
i 40.47(1.74) a 2.21(0.13)d 14.63(2.13)bec  15.28(5.21)b 29.29(7.88)e 12.50(0.30) b
FLH 35.47(0.21)b 3.32(0.18) ¢ 48.13(3.89)a 10.12(2.05) be 87.21(6.97)b 18.20(1.60) a
AR H 7.41(1.02)¢g 6.29(0.31)a 4.88(0.82)¢ 26.60(0.15)a 9.81(1.80)f 1.20(0.10) g
W 23.61(0.98) ¢ 1.14(0.11)e 17.43(2.3) be 23.61(0.31)a 130.75(3.39)a 8.70(0.30) de
K 4.74(0.07)h 0.56(0.01)f 16.39(2.41)be  24.58(0.66)a 6.32(2.10)f 6.10(0.10)f
T # 4.24(0.50)h 4.02(0.24)b 12.3(3.47) be 9.22(0.36) ¢ 6.72(1.04)f 2.80(0.80) g
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1o 75 G T E AL S PEA (P<0.05) , H SRS U0 AU 14 455 01 5 Y J 52 3 g 3 0 o Fy TR g AR D
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VEPNR A A SR AL TR B R AR ECR (P<0.05) o T AR BRAR SR AR U v W T 3 0F St B HL 45 21 0y
1Ry 8 gt DU 22 7 A S S HURKONE (P<0.05) |, IS5 1T X5 YL (i B gl

R3 BilTHREBATEI EE A REE

Table 3 Effects of oil contamination and natural attenuation on soil chemical and biological properties

. BERAR WARAR AARAR AR e W Ao BRI, SANL
Tt , W it
. NiN AmN AP AK pH Suce/ Ure/ Deh/
Soil samples /(mg/k) /(mg/kg) /(me/kg) /(m/kg) (mgh ') (mgh-'g) APase/ CAT/ (el PPO/
g g g g gh g gh g (mg hflgfl) (nl, hflgﬂ) pgh g (mg hflgﬂ)

AJEMH Une  11.66(0.11)a 11.34(0.08)a  2.42(0.21)a  70.50(0.29)a  8.17(0.01)a  6.46(0.77)a  0.08(0.00)a  0.02(0.00)b  5.64(0.25)b  0.15(0.00)a  1.08(0.01)b
T CC 2.68(0.03)b  6.81(0.18)b 1.55(0.35)b  65.00(1.15)a 8.11(0.01)a  3.80(0.49)b  0.05(0.01)b  0.07(0.01)a  5.22(0.37)b  0.22(0.01)a 1.33(0.07)a
AT NA - 3.40(0.12)b  2.36(0.03)c  0.86(0.00)c  62.50(1.65)a 7.98(0.05)b  3.99(0.27)b  0.02(0.00)b  0.05(0.01)a  6.66(0.45)a  0.17(0.01)a  1.20(0.08)ab

NiN: A7 nitrate Ny AmN; #75% ammonium N; AP %Hk available P; AK: A available K; Suc: HEMEMS sucrase activity; Ure: IR urease activity; APase: SitkRiFRAF alkaline
phosphatase activity; CAT: i3 k% catalase; Deh: it &} dehydrogenase activity; PPO; Z By &AL polyphenol oxidase activity. Une: 15444 H uncontaminated; CC: 15 Y4{H crude oil
contaminated; NA: F AR natural attenvation, [FIFI AR FRFIR AT RATR 15U AR EWUCILRIFEAE % 2 5%, P<0.05

2.3 IRAACHEN VS B R SZ AR - HETE BUSCR 1R

R v Ak B O R T AR O S (1B 2) AN R A v IR A AR N X s A IR O
EAFEAR AN o BRUKICE RN s R IR A5 s Al T AR AR B A SRR, Mk Bk
AL CEARTAR | AR 90 400 B el R T AR O] T £ U 7 A 8 38 G B3O (P <0.05 ), W 55 P FERCR: s BRI VS TR &
SR TS AN TERCR, MIAT AR | BRAT s VAR I i T O S 25 1 5 T X R S R AR SERICR (P <
0.05) 5 FRERUM R AT PR & W 5mAL 1 XA RO A A SERCR | MIATAR A v YT & WL 25155 1 XA Akl i)
HFERCR (P<0.05) 5 FIAR WA e BRAT PDIR AR BRAR sk vk G 3 0 v W TR A5 b 2 iR Ak 17 0 A0 ) b 72
R (P<0.05)

Bz AR, Z2 B0 R v My A B — 2 W R IR - pH(8T 3,P<0.05) , VAW & IR 7E 2 501
DR OO B IR BRAT BRSO TIR R P Wi &) XA R AR 398 pHL B038CR ™ AR RS UKL, (3R & Ak B s
I pH R T R A v A s T AR A Y M AR B A KL ( P<0.05)

B2 AR, Z2 B AR R v WA B S B T TS e R 2 A AL B A A G A (P<0.05, 1 4) . H
FIAR AR AR DR AR B K TG B A V& Wik & S s A 1 X SR M 6 A1 0 SRR T ) R e KA A
WriEA IS5 TN A ISR (P<0.05) 5 8k B sl BRI 7 iR & 1 38 o Ak 1 6F IR 135 1 A SRR i
R vE VIR A B E S T HARIECR (P<0.05) 3 FATAR | AR VMR s AT AR 4 v TR 5 i 2 ok Al 1 %
AR S A B SRR, ikt s Vs TR A 8 5 1 X B RICR (P<0.05) 3 FR VBRUK TG 380 | BURAT
e i & W SR AL 1 X S SRR P RIOR (P<0.05) 5 FUAR VBRIR AR sl Bk vk 0 s Y iR &
Fm A T X U T 0 R OR, , T B e BRAT U vE  TR S S 0 58 T X A EIOR (P <
0.05) ; VMR ERER PR TG B A V& Wik & 8 A 10 22 Wy S0 H RS P X RSBRCR, | T B P iR+ S 3 1 5 T
XFH A HIHCR (P<0.05)

2.4 REMEWRIE RSO S HAL S AURFIE A58 &

AR D Bre/ D IR TR T2 2R (18] 5) DR IR TP o — S BRI O 35 ey vh R 28 i 19 25 BR sk
SRl AU B AR 5 S A SRR A AR IE A O OC R, i -5 e 35 i Rl L R R W LU A7 7 11
AHIEIR AR s W AR K25 Yy 148 S S8R U - R B 5 W 38 TR AR OG5 LR AR i 2 A R R PRl 5 17
O BMARINTE TR U8 v T - s Ak SO WA (1 e 75 HE X o 3R 35 TEAH OGS 26 A LI | B A
Py 28 5 FUR OC 5 X TR R A SRR P - LR S R R R vl Y M 35 TR AR OGS 28 AT BILIR | 36 153 26
R LR A L RS 6 pH RS U 55 AR 2 Z2 AR R 20 S AR TE AR G T R R AN L 3 MR 2 18 A 1
K,
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