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Abstract : Soil contamination by petroleum has become a serious environmental issue in oil—producing areas. Research has showed that or—
ganic residue additions could enhance the degradation of petroleum in soils. In a laboratory experiment, the effects of litters from 19 urban
greening tree species on chemical and biological properties of petroleum—contaminated soil were evaluated. A petroleum contaminated soil
was collected in Northern Shaanxi and incubated with the litters for 120 d. Additions of all foliar litters significantly increased the contents of
organic matters, available K and available Zn in the contaminated soil. Most of litters significantly increased the contents of alkaline—soluble
N and available Mn and Fe, and enhanced the activities of catalase, sucrose, phosphatase, dehydrogenase, urease and protease. Applying the
litters also promoted the growth of fungi and actinomycetes. However, litter applications generally decreased soil pH values but did not in—
crease available P and Cu contents. In the tested 19 litters, only several litters improved bacterial population and polyphenol oxidase activi—
ty. Except Acer mono, all tree litters accelerated petroleum degradation. Such effect was in order of Melia azedarach >Prunus persica>
Morus alba>Sophora japonica>Salix babylonica>A cermono Maxim>Prunus cerasifera. The litters from the rest species had negligible or even
negative effects on petroleum degradation.
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Table 1 Chemical properties of petroleum contaminated soil after mixed with leaf litters of urban greening trees

HtivE AR A AR AR AHHLB Sk
Litter Alkaline N/mg-kg™  Available P/mg-kg™  Available K/mg-kg”  Organic material/g-kg™  Total petroleum hydrocarbon/g-kg™
VAR 64.17£2.14 54.06+£11.02 615.00+5.00* 45.42+0.57* 6.48+0.02*
[ R 76.83+£3.58* 41.32+6.33 620.00+£30.00* 41.30+£0.92* 5.56+0.04*
R 70.06+£0.31* 40.27+3.85 550.00+0.00* 42.70+0.34* 7.47+0.15*
A 107.34+1.05* 40.68+7.60 685.00+5.00* 39.38+1.58* 7.13+£0.45*

TR 340.61+1.32% 81.40+3.85* 790.00+0.00* 41.86+3.75* 13.47+£3.23

L2 80.91+2.34%* 39.13+£1.92 760.00+0.00* 39.57+0.51%* 6.17+0.13*
A 106.29+0.33* 50.44+5.68 645.00+5.00* 38.57+0.70* 5.08+0.66*
FEAHR 65.34+2.04 39.30+2.43 530.00+10.00 43.06+1.24* 4.44+0.08*

- 65.57+0.69 38.04+5.71 650.00+0.00* 41.59+1.01* 6.27+0.95%*
AL 89.14+0.32* 47.50+8.07 635.00+5.00* 42.63+0.91* 6.00+0.24*
R 74.79+£2.26* 52.79+£10.83 725.00+5.00* 38.06+0.64* 5.46+0.72%*
ARl 76.59+0.76* 45.06+5.29 840.00+0.00* 43.99+0.42* 7.49+0.27*
G| 76.25+£2.02* 37.93+3.23 590.00+0.00* 46.17+1.21* 5.79+0.43*
i 45.21+4.71* 56.41+£16.88 635.00+5.00* 41.66+1.39* 5.21+0.11°%*
e 198.22+1.55* 95.67+£53.01* 740.00+0.00* 37.98+0.58* 6.33+2.45%
ZE 161.82+2.18* 64.98+8.43 775.00+5.00* 37.54+0.90* 6.41+0.15%*
AN 78.11£1.57* 52.85+1.04 785.00+5.00* 37.95+£0.45* 6.00+0.60*
1A 108.91+1.11%* 38.19+5.87 640.00+0.00* 42.91+0.79* 8.9+0.34*

SO 79.34£2.00% 42.86+1.52 815.00+5.00* 44.66+0.26* 6.99+0.49*
Xt i 63.12+1.99 33.2620.77 515.00£5.00 32.410.14 13.69+0.09

Htivgnt AR AR FERSS S AR
Litter Available Cu/mg-kg™ Available Zn/mg-kg™  Available Fe/mg-kg™  Available Mn/mg-kg™ pH
VAR 0.55+0.01* 17.69+0.18%* 4.42+0.02* 0.97+0.02* 7.38+0.02*
ER 0.57+0.00 13.86+0.03* 6.37+0.07* 0.81+0.01* 7.33+0.02*
R 0.53+0.00* 18.29+0.27* 7.23+0.02* 0.65+0.00 7.38+0.05*
A 0.58+0.00 18.75+0.23* 6.33+0.04* 1.02+0.03* 7.64+0.01*

FAAN 0.44£0.00* 11.02+0.02* 5.44+0.03* 0.78+0.01* 7.77+0.00*

&2 0.71+0.03* 11.31£0.17* 7.40+0.07* 0.84+0.02* 7.37+0.04*
v 0.43+0.00* 15.14£0.21* 8.38+0.06* 0.84+0.03* 7.36+0.06*
FEHR 0.62+0.02 15.23+0.09* 5.22+0.07* 0.91+0.01* 7.52+0.02

5 0.69+0.00* 21.90£0.14* 3.73+0.01%* 0.63+0.00* 7.40+0.01
AL 0.65+0.00* 15.83+0.12% 3.26+0.01* 0.59+0.01* 7.39+0.02*
P 0.88+0.01* 26.34+0.11* 5.10+0.07* 0.82+0.02* 7.39+0.00*
A 0.870.01* 25.120.13* 5.47+0.06* 0.7220.01 7.4220.01
Mok 0.65+0.01* 12.89+0.01%* 7.26£0.12% 0.89+0.02* 7.60+0.06*
i 0.61+0.01 18.13+0.16* 5.84+0.07* 0.88+0.01* 7.19+0.08*
e 0.67+0.01* 14.22+0.32% 8.92+0.07* 0.94+0.02* 7.21£0.02*
B 0.51+0.00* 13.98+0.12* 4.00£0.02 0.80+0.02* 7.24+0.01*
Gz 0.4420.01%* 11.23£0.07* 3.67+0.04* 0.85£0.04* 7.36+0.02%
1 0.43+0.00* 14.12+0.07* 6.85+0.03* 0.73+0.01 7.36+0.02*

XRER 0.36+0.00% 17.00+0.08* 6.34+0.07* 0.99+0.01* 7.35+0.02*
pagiict 0.60+0.00 4.62+0.03 3.93+0.00 0.69+0.03 7.49+0.02

TE % FORALBIE B2 5 4E 0.05 K . Tl

Note: * means that the measured value of the treatment sample has significant difference with the CK value at the level of «=0.05.The same as blow.
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Table 2 Biological properties of petroleum contaminated soil after mixed with leaf litters of urban greening trees

Hivgnt A Bacteria/ JZE # Actinomycetes/ H.E Fungi/ B A il Catalase/ Z Wy A AL Polyphenoloxidase/
Litter x10° CFU- g x10° CFU- " x10° CFU- ¢ mL-g’ mg g’
el 107.77+£30.23 22.03+3.75* 0.16+0.04 9.58+0.40* 0.01+0.00*
[Ezp i 426.40+35.74* 137.35£12.95% 10.66+1.48* 9.97+0.48* 0.01+0.00*
AT 9.35+3.55% 26.84+8.12%* 0.81+0.81 6.48+0.31 0.02+0.00
B 162.95+£19.62* 14.92+2.13 30.25+£1.21%* 5.54+0.26* 0.03+0.00

TR 191.95+£32.85* 7.47£0.39 6.69+0.79* 5.26+0.23* 0.03+0.00

L2 67.51+8.52 22.77+1.47* 1.22+0.00 10.43+0.29* 0.01+0.00*
) 10.42+1.10* 13.33+0.83 19.58+2.20* 12.21+0.28* 0.03+0.00*
FEAlR 243.61+£30.90* 20.97+£1.07* 4.03+£1.07 5.84+0.71 0.01+0.00*

A 12.18+1.68* 29.82+4.01* 7.14+2.34%* 9.94+0.05* 0.02+0.00
AT 31.57+6.04 41.41+4.83* 2.87+0.41 8.99+0.10* 0.03+0.00
TEB 26.97+3.25 53.15+0.79* 3.97+1.43 9.34+0.03* 0.02+0.00*
A 229.09+17.07* 2.02+1.45 0.40+0.40 4.99+0.13* 0.02+0.00*
Mokl 386.33+38.79* 31.31+£2.47* 4.07+0.81 10.34+0.55* 0.01+0.00*
iR 132.88+36.91 2.78+0.79 0.40+0.40 9.02+0.38* 0.01+0.00*
A 172.95+20.63* 1.59+0.40 15.07+5.06* 6.95+0.17 0.02+0.00
B 15.99+1.88 20.09+4.99* 5.74+1.08* 11.57+0.32* 0.03+0.00
AN 236.16+30.06* 17.63+£1.08 3.28+0.41 13.24+0.03* 0.02+0.00
1A 34.80+7.80 11.20+0.40 7.20+2.50* 9.66+0.10* 0.01+0.00*

bR 12.91£2.13* 6.86+1.07 0.40+0.40 12.35+0.04* 0.02+0.00
popitt 75.37+10.49 7.14+£1.37 0.40+0.40 6.66+0.11 0.02+0.00

At RERENE Sucrase/ BB AR Alkaline JIR[if Urease/ Jbi A Dehydrogenase/ % A Protease/
Litter mg-g” phosphatase/mg- 100g™ mg-g” mg-g” mg-g”
byl 35.65+0.66 0.22+0.01 0.12+0.00* 0.10£0.00* 4.42+0.47*
[ R 42.58+3.28* 0.36+0.00* 0.12+0.00* 0.13+0.02* 3.24+0.34
RS 22.94+0.36* 0.17+0.01* 0.11+0.01* 0.18+0.02* 2.76+0.14
D 56.57+2.87* 0.28+0.01* 0.09+0.00* 0.10+0.00* 4.61+0.40*

FAA 41.86+0.75* 0.31+0.00* 0.06+0.00* 0.09+0.00* 5.37+0.14*

st 53.21+£0.96* 0.34+0.00* 0.11+0.00* 0.13+0.02* 2.63+0.02
st 39.13+8.31* 0.26+0.01* 0.10+0.00* 0.12+0.01* 2.07+0.14
FEAR 34.42+0.69 0.16+0.00* 0.13+0.01* 0.05+0.00 4.05£0.12%

R 29.10+1.77 0.32+0.01%* 0.12+0.00* 0.17+0.02* 2.37+0.00
Y2 30.32+0.63 0.30+0.01* 0.10+0.00* 0.12+0.00* 2.91+0.05
TEB 62.03+2.00* 0.55+0.02* 0.10+0.00* 0.16+0.01* 6.16+0.09*
K Apip 45.50+2.30* 0.18+0.00 0.08+0.00* 0.09+0.00* 1.61+0.14*
YA 41.76+0.75* 0.31+0.01* 0.12+0.00* 0.07£0.01* 4.50£0.33*
i 40.58+1.26% 0.21+0.01 0.15+0.00* 0.08+0.00* 4.42+0.03*
B 76.22+0.98* 0.46+0.00* 0.12+0.00 0.07+0.01 5.00+0.45*
B3] 50.71£0.67* 0.35+0.00* 0.11+0.00* 0.25+0.01* 3.24+0.16
! 43.76+1.47* 0.25+0.01* 0.14+0.00* 0.18+0.00* 3.68+0.03*
1L 27.61+0.57 0.24+0.00* 0.11+0.00* 0.16+0.00* 2.28+0.31

SR 29.10£1.77 0.33+0.01* 0.13+0.00* 0.26+0.01* 2.57+0.39
popilct 30.11£0.72 0.20+0.01 0.04+0.01 0.04+0.00 2.46+0.47
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Table 3 Comprehensive principal component values of urban greening tree-litters remedying petroleum contaminated soil

Hhv& - Litter CPCA-value F Fhy&m- Litter CPCA-value F FhEm Litter CPCA-value F A& Litter CPCA-value F
il -0.513 7 s 0.235 1 T 1.809 9 FM 0.536 0
[ #8 0.498 7 ) -0.3193 HA -0.278 1 M 0.059 3
A -1.140 6 A -0.671 3 ki) -0.200 7 LA -0.996 4
T 0.490 7 £ -0.368 5 it -0.287 1 SO -0.720 6
FHAAM 0.469 0 AL -0.319 7 By 1717 2

{E: CPCA oL ER 0 HT -

Note : CPCA indicates comprehensive principal component analysis.
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