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Effects of soil improvements on growth adaptability of Lolium perenne in diesel—polluted soil

ZHAO Xuan, HE Xing—dong*, ZHANG Jing—lei

(College of Life Sciences, Nankai University, Tianjin 300071, China )

Abstract: Crude oil contaminates can inhibit plant growth, which is largely due to the limitation of nitrogen(N) and phosphorus(P) absorp—
tion by plants to consequently affect the N/P ratio in the tissues. In general, a greater N/P ratio will result in lower plant biomass and height;
however, the relationship between plant growth and the N/P ratio under a condition of crude oil contamination may not be in concordance
with the normal condition. In the present study, the growth adaptability of Lolium perenne seedlings to diesel—polluted soil was explored in a
single —factor pot experiment with diesel application. The effect of soil improvements on the growth of L. perenne seedlings under 0.9%
diesel—polluted soil was investigated in a three—factor orthogonal experiment with sawdust, ammonium nitrate, and monopotassium phos—

phate. We investigated the growth status of the seedlings and determined the concentrations of N and P in the seedlings. The results showed
that plant height, and the above— and below—ground biomass of L. perenne seedlings grown under the 0.9% diesel concentration were re—
spectively 58.87%, 98.07%, and 91.23% lower than those observed in the no—diesel control. The N concentration and N/P ratios in the
leaves and roots were also decreased significantly in the diesel condition. In the 0.9% diesel —polluted soil, the plant height and above —
ground biomass of L. perenne seedlings were respectively 27.48% and 24.70% greater when grown with a 10% volume fraction of sawdust
compared with the no—sawdust control. The N concentration and N/P ratios in the leaves also increased significantly with sawdust. Thus, the
addition of a 10% volume fraction of sawdust could significantly increase the growth adaptability of L. perenne seedlings growing under a
condition of 0.9% diesel-polluted soil. In addition, these results demonstrated that the changes of N/P ratios in plants growing in diesel—pol-
luted soil was a major reason for the suppression of plant growth.
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5554, A S E S OTR 5 IOHUA Wi BRI A
TRAE ARV E T, DT 3 A R A Rl &5
R A S PP % /R GRS W & 1 B 1 e I e
fer &)y v A B K FNFR53 S A , BELRSHREL) 1 A K,

Ji /58 75 G XA ) AR S PR I I 2
B TR T PR R IS RS TRV
B SR )R A 52 PR A 1) G R 3R 2 — P ik
ARSI S SR ERE A T, BE - I
e BE G TR Tl 25 4 AR T R/l L e 2 s ) B e
b b A= P ARG A R R S 2l N o R R R AT
V€ AERTHIE MR LY/ D Ol e 3 s BTN O I ES B
A RO IR T % R A B B AR A
YEFW SR A A 1 o TR RS RS L A
EEH LT Y R, BEE SRR AR B R,
TSR R A At A AR R e v
SIS I, it R A T S R U DR PR R e AR
K T E MR, (I Z A3 2] T 825 . B BT
S R FBGSRAE ) A K A R R DA Y

N T iR SR A A B B RN, I
X T IR R AR AR ) A K BV E R PLRI R A5, DA
FBAZHE(Lolium perenne L.) R SEEXT 4, 43 b 1 135
SEhTE g N FRAZ B A RGO L S e FAR E
RIS, B2 TR AR A BEIE S 22 R4l
ARG B AR B R EE R RS, DA Ry 3 o, 4 g
S is Yo T A I A A I PR SR SRR IR A

| MRS

1.1 LIWHE5iIET

DA B R R, T S B DR 3R AR S
FEE R - R i (RIS ) - e — &8 (BRI )3 R K 4
IO IEAS o RS0, B S B PR 3 A,
THOABFE R 11 FRE 0T 0 Bt 52 718 19%F K
LS T THT 5 A i A BR , B R 2R S0 v S o o
B 4 DK IR E N 0% .0.3% .0.6%F1 0.9%,
AR S0 A S PR 2K TN R 1 R, IR 38 SE 8
FKH Lig(4)1IE2E (£ 2),

S FH 2247 AR B A BRI T K e H Bl A8 S D
TAW]L0 558 B hnm a4 R R ARFRE R 1
ARGRLEE 3 mm) B AR, iR e (G5 A o) Ak

® 1 EXKBEEFEKFRIT

Table 1 The factors and levels of orthogonal experiment

AP AR BWME(AE)  CEEmR AR
5350 % Wnit/g kg Whnit/g-kg
1 0 0(0) 0(0)
2 5 0.29(0.1) 0.22(0.05)
3 10 0.57(0.2) 0.44(0.10)
4 15 0.86(0.3) 0.66(0.15)

TE 45 P9 IR RSO 27 IR iR TR e A — PP AS [ 45 o A ek i
THARR BRI,

K2 L(#)3HAEZEA4KFEER
Table 2 The orthogonal table of three factors and four levels

BT A gRB BRRECAE)  CREmCAMGER)
I3HU% /g ke 1 whnit/g-kg! 1

1 0 0(0) 0(0)

2 0 0.29(0.1) 0.22(0.05)
3 0 0.57(0.2) 0.44(0.10)
4 0 0.86(0.3) 0.66(0.15)
5 5 0(0) 0.44(0.10)
6 5 0.29(0.1) 0.66(0.15)
7 5 0.57(0.2) 0(0)

8 5 0.86(0.3) 0.22(0.05)
9 10 0(0) 0.66(0.15)
10 10 0.29(0.1) 0.44(0.10)
11 10 0.57(0.2) 0.22(0.05)
12 10 0.86(0.3) 0(0)

13 15 0(0) 0.22(0.05)
14 15 0.29(0.1) 0(0)

15 15 0.57(0.2) 0.66(0.15)
16 15 0.86(0.3) 0.44(0.10)

iz — SR (2l I F R k2= R A BR A W L 525
FH PVC HURHE R BV R s/ NI B 5 AR o 43880
H R IF R A a R 2222 B % 0~20 em )2 TE T
+, ARG RN 38 g ke, RA T EN 13 g
kg™, WA R 0.90 g kg A HIFREL 4 1 (4 44k
PO RN 7.5 kg(0 b 3 DNEHEE ) MG (11
HHEH 145 grem™), RIKFEANLBR 0.30.60.90
mL 5830 (S A E R 0.75 kg L), TR/ IR AT AR
T 7 d JE kAT R A M A 138 S2 0 R HE (P
A b T A LI B BN 0.9% | SEALEN T B A L
7 0.3% ) R 120 kg B9 IEE L IR
1440 mL {4 553 F1 360 ¢ 58 Ak AR 78 431 &) e il ifi
B, MRS ASRIAT 7 d G TR BLA R4k
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1.2 K H*E

T REE ARl M S NN BN F
BT AE B LR TR S 28 IR /K R
i AT ) SRS ERP T 3~5 K, SRJG B | — 2R,
DOKEBE 1 R G R AR, R RIRE
FREEN 25 d G Ak, AN E R
IN—EAT 3 kR, AP 3 ANES SR 12 A BB
G R AE D ZEIEK 300 mL DIZEYE, SeEb AN 4 3 d e
Z&1E37K 300 mL,

FESEF TS ALK 2 5250 A TR, 351 DA A IE 385K
5o SEE W 30d )5, HFRERGHR ALK L
K HB%, BOR I AR A1 PVC SR L
HHAEK WA 45 d JF TR, AN PVC Y3k
RN AT 3 bk, AL 3 A4 EA
48 7. Bl S B AR 7RI K 300 mL DAGEH , S8
)4 3 d HeZ€17K 300 mL,

B DR 3R S I R O 22 S 56 4 Sl 64T 60 d 40 d,
Wk B B AR K T2 ke I K 40 Je
BRI S ARSI AR s FIARS , AT KRR 4D
B Hh A T AR, SRISRERR AR A A%,
F-80 °C VKA IRAE LA E HE b o FEY 2R sl
K HS0,—H,0, TH 2 -HL R 205, i) 2w &
N R MR HaS0,~H,0, 1147 —HH BT e ik,

1.3 B2

SEBEIE LS Excel 2013 ZbBE  THF- Y (E AR
25 , TRIEF 33 TE 28 S5 A5 FE B 18 /N N 5 /N AR
2% IHER, ZJ5 A SPSS 19.0 Geit#k 4, 45 & LA
Ry 22450 Hr i LSD £ 5 L ARG 56 A [+ Ak BRI ]
122 5 i 1 (0=0.05)

2 HREHMH
2.1 SEHERLTEMBEENEERSE N R /ML

S B G A R (TR 1), S o 4k
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FERLL R R bR M T AR A X HE A P A3
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18T PR R A K 2 T e AR
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Figure 1 Effects of soil diesel pollution on the growth of

L. perenne seedlings
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Figure 2 Effects of soil diesel oil pollution on the N and P
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concentrations and N/P ratio in the leaves and roots of

L. perenne seedlings
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ST T AR ST T R A3 B 0.6% ) i 2 1R, AU/
Fb 7E SE T T A E0h 0.6% F1 0.9% i i 25 [ A% ( P<
0.05) . FEARS, 55 %F B AL BRAH Fb , R & e AR/ B L
TESE T4 B0CH 0.6%F1 0.9% I 5 2 A% (P<0.05)
M I A (P>0.05) .

HE— A5 0 B R ik e R AR e R
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AYE SRR E IEAG, WY RS
MR BB/ B IR ARG, EARA S5 AR BB /M L a] [m]
IEESVNTE N
22 EMTRATEYR TEEEAKENES R/H
EEE T

AR A S I g ek R A /N A 25 A3 B 4
(R 4)RY PR RS W AP 3 M R
FH it g A A R R L AR 0
ST R AU H A R s i i U X

2 AR R A SR T R AU L R R
25 Bt SN NE Xt B S R B A AT BRI R
AL SPSS19.0 AR AT 145 21 1E 22 L
B b - 0 R RIS [FZK P B2 B4k v At L
AV ENE I E PR R 2, I — 2D AR [ R
Fx HASE B AR K s, 45 S (8] 3) R B, 5%
REALFRAR L, i AR AR FR 350 109%F0 15%0 &
A2 B AR = o B SR SN T 27.48% 1 19.33%
(P<0.05), jiti i A NE &4 0.1 g-kg™ F1 0.2 g-kg™ I
22 B AR = o B SR SN T 12.84% 1 16.35%
(P<0.05); SXFHEAREEAHEL , st B AR AR 20K
10% BF S22 B4 B s AR R T
24.70% , Jiti it Bl b R X b 2 4 TG S S
3k R R R R e S S
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Table 3 Relevance of N/P ratio and growth indices in L. perenne seedlings under diesel polluted soil

FAS L x Ay EIEyy R P
R P y=11.861Inx+0.211 32 0.883 4 <0.001
R R M A y=0.007 3x2%% 0918 8 <0.001
HLER A/ B H R y=6.76x"-1.269x°+0.077 0.126 1 0.800
HRE A/ A P y=0.016 5x>"! 0.564 5 0.008

R4 LMBRATIEIRFAMBZEGHERRER EHSENAREMELLR

Table 4 Comparisons of group range value of growth and nitrogen and phosphorus concentrations in L. perenne seedlings with soil

improvements under diesel polluted soil

. N

Eii 7N TR WA

K1 K2 K3 K4
Bk fem BER 92.45 101.70 118.45 110.92 26.00
A 98.69 111.22 110.00 103.61 12.52
h 104.48 107.64 105.12 106.28 3.16
o A g ¥R 1.72 1.74 2.29 223 0.57
A 1.72 2.12 2.09 2.05 0.40
173 1.84 1.78 2.28 2.09 0.50
2% /g kg ¥R 120.37 124.36 164.73 164.72 44.36
A 128.88 133.66 156.23 155.41 27.35
1 136.46 142.57 150.12 145.03 13.65
L Hllg kg IR 24.84 19.36 19.47 21.11 5.48
A 24.90 21.41 21.32 17.14 7.76
I 16.86 19.70 25.55 22.67 8.69
AL ¥R 20.68 27.66 48.53 33.08 27.85
A 21.72 26.24 40.33 41.66 19.94
173 36.94 38.41 26.82 27.78 11.59
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Figure 3 Effects of soil improvements on growth indices in L.

perenne seedlings under diesel pollution
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Figure 4 Effects of soil improvements on nitrogen and phosphorus
concentrations in leaves of L. perenne seedlings

under diesel pollution
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