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Abstract: [ Objective ] The dynamic changes of physiological indexes of ryegrass under different pollution
conditions were studied, in order to provide a preliminary theoretical basis for phytoremediation of contaminated
soil. [ Methods] Through indoor simulation of different types of soil pollution, 4 treatments were set up,

namely uncontaminated soil + ryegrass (SH) as contorl, heavy metal contaminated soil (500 mg/kg Pb*",

5 H#1:2020-11-16 &= B #:2021-01-06

BEITUE : R [ SRR 3 4100 B 13 ] B 2 LR 45 20 B8 T V% 52 W0 75 Y% - B8 00 I B A A HILBILATE 5 7 (31460149) , “ i FF Ko He A= 9 Joit o 36 42 T
b LT B T 25 R S MU AE 7 (41661065) 5 YLV H T RHAH AR B 5 0 H & A5 H (GJJ180921)

FE—1EE B (1993, QUK L BETE A T A B WF 584 BF 58 07 ) o H 385 Y48 & . Email: 18355316883@163.com,

BIRAEE PRI (1973, B (BUE) » LA ME W, 202, BB NFE IS5 P8 B AR R 351 W2 I Ak A B HL 4 T 52 0 21 58 b g 11y
ML K N FH A 0 0 0 IR AR B R 25 A A O T B 58 . Email : zhoujihai2006@163.com,,



5% 2 3 BAG S B F A K RARRIE SN LI Cd.Pb 547 3175 Y& 19 1 Jif 85

50 mg/kg Cd*") + ryegrass (SGH), petroleum contaminated soil (1 000 mg/kg petroleum) -+ ryegrass
(SPH), petroleum and heavy metals combined contaminated soil (500 mg/kg Pb*", 50 mg/kg Cd*", 1 000
mg/kg petroleum) + ryegrass (SPGH). The root morphological index was measured by WINRHIZO root
analysis system, and the pigment index of leaves was measured by spectrophotometer, to explore the
influence of different types of soil pollution on the pigment content of ryegrass leaves. [ Results] The root
growth of ryegrass was stimulated by three different types of contaminated soil to varying degrees. Compared
with control, on the 20 th day, the root length, root surface area, root volume, and root diameter of plant
roots under the combined treatment of petroleum and heavy metals increased by 88.10%, 148.60% ., 221.90%,
and 32.20%, respectively. Compared with control, the underground biomass of each polluted treatment
showed a trend of increasing firstly and then decreasing with the increase of cultivation time, while the
above-ground biomass was always lower than that of control. Moreover, on the 10th, 40th and 80th days,
the abovementioned biomass of the combined pollutted treatment was the smallest, which significantly
decreased by 34.68%, 45.42% and 58.05% compared with that of the control. On the 80 th day, the
chlorophyll content of ryegrass in heavy metal contaminated soil, petroleum contaminated soil and petroleum
and heavy metals combined contaminated soil was significantly lower than that of control, which decreased
by 26.84 % , 44.82% and 47.02%, respectively. [ Conclusion] Different pollutions could promote the morphological
changes of ryegrass root system, and reduce the biomass and pigment contents of ryegrass, among which the
combined pollution with petroleum and heavy metals have the greatest influence on the growth of ryegrass,
followed by the treatment with petroleum pollution. Based on the difference of physiological response of ryegrass
root morphology and growth to different polluted soils, some regulatory substances can be added to alleviate
the toxic effect of pollution on plants in the future during the phytoremediation of contaminated soils,
increase the biomass of plants and enhance the related physiological functions to improve the efficiency of
pollution remediation.
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Bl R AN B Tl i T3 K T L Bl AT 7 I IZ AL WD 1Y B 2T = B (Tri folium pre-

T AR SR B OR B . BEE AT R H 4R BT
TEATI TR | dz i 3ok 7 v 7= 28 7 R i O 4 R HE
YoagE s E ) AT g A, Tk A e
P b 5 o R R S HE A R R R A
B TR A ol A= 7 2ok A v AT B AR 24 R 25 4 A
SO A E SRS B s
[F) R R ke, B4 XIS g RIEMB R A 3 2K
T ol e S e mEwEE . Y
B R A 18 2 R SOCR T B 28 5 1 0 — TS
G R b A AE B AU B R A R4
8 A S AN R G AR AR B 2 i i S R G R
FH R BE R Tk AE W) 00 T 32 VE D b AR 7R A2 75 Y i L 0
W TEH A SR K B B A AR RO AR Rl
FEIB R LR AP LT G . B4R
A B (Lolium perenne)VE KK AR5 1 S B ALY, H
DLAR RO AR R R 3K, X A1 8 B 30 B A 5 T 52 T
o7 P T 4 28 6 SR AR 5 A8 1 380 2% 1 1) A B o -
FUAT A AR Z R TR 205 G L3R sE . e,
L ETE (Medicago sativa) TEAS R e & 5 4 J@ 15 YL
- A AR E AR, R E AR S

tense)E{@EH(&(@%i%E@E%ﬁﬁi%ﬁij(’j:ig%
B S E (TPH) FER . IR 0 6 s i
e frimys g R B ARV AT A AR
AP E R B BA RN, PR AR S
TE S5 AR 3 55 00 O ROR B DI G . A RS
R EHTREAE Cu, NG QA AF R AR 2 Jm 1 R
BT o A W 0 2 3R sl s A
FEH e BRAE A il 5 G e e o bR R B Y R A
R A Pyt HY ARG E S i ) A R AR
WA AAE I RERE i L S Jm A Y
5 B B T RS B S B R
BAEREX, BAF MY B E 15 3 L5005
B2 AH R R T AW RIS P A KA A 5 G 1 1
B2 BIBE ST h il B b . BT, AS BIF S R A0
R AR DA N R SR A R TR I TR L F R,
5 PR R R 0 X A [ T 4 e e R TR A R
MR AL W R R & R AR 0, B
FEAR T B 22 B A AN [R) 6 B Y5 e T 1 A 2L AE AL 17,
B — 55 S S5 15 e SR 0] 28 B AL )
Az BRA AR HL AT ST .



86 7K R E

%41

1 MRSk
1.1 # #

Ot 5, 2019 4F 3 A 10 HEK IR A o
T 4R E A (B AE & KA AR D .
A IURE L 0—20 cm (19 48, e 1 5 48 oy [m] SE
B, ABE A XK G 2 mm i, W AEE 4 C
MUKFE N . Rl - g m o b B -, RS
AHALE T pH M 6.43, A HLER 10.87 g/kg, & A
0.89 g/kg, i & A, 27.17 mg/kg, % & A 5.42 mg/kg.,
53 0.196 mg/kg. 8y M 4.52 mg/kg., QLY. £
BB (Lolium perenne) , 2% BUfh T %Wy B VT
ARG, OFb2=R5 . Ak T A A 4
B HE . PbCL ,CdCL, « 4H, O 25 H A B FH it 510 34
SrHral, Al =>99.5%,

1.2 Rt

AWFFT LT E 4 DA H . ORT5 Y 35, Pk 2
R OCRIGYAN I, SH) 3 O P A ey 5% I Fh A
AR (SGH) 5 O 58 oS A il Jf B A 28 27 &
(SPH) ; @ + 3 v i in 85 8% B2 A 3 - b A B 22
(SPGH) ., + HEi5 Ye ¥y U B % 2 AR B  H 3R 5% T
R 1 S e KBS AR R AT
3 - 5T Y (18 S B ) L, A 38 Y5 G 40 K Al 15 P b
(A S — 2R S % . A s ek BE 5 A 1000
mg/kg T4 s BY VA TT UL E L HY R 0TS S Tk AR e
EEENE AR MR E, 8N 50 mg/kg T
+ 8 500 me/keg T, AWM EERIG Y HEDY
il £ 2 2 B W 7kl

FEAR I AR R Z I, T 2019 42 3 H 20 H
A R 2R TS g 35t 2 mm T 05 L 402 B R 4E 45
(FH12cem, ETHBE N 10 ecm M8 co) WP, &4 200 g
THECF A ED I 4 DA FEL AT 12 AL Tk
MR E R E 2 d e R B A SR T, 4%
TR X SR 2 RO AT 3R T 35 (BRI AE 1000 1y i 4
L& 20 min) , TG HZE /K IEYE 3 k. R A7
80 KL &AL BAN T, A 8 & U5 (W) 1 % 50 bk, MR
07 [1) 388 o g DR B R AR A 1% 7K A A ) e KRR K i
[ 60 % . 35530 B AR5 2= IR 25~30 °C L 4 K ] Bk
JEHE 14 h, JBEE 10 h, G REREE R 4 500~7 300 Ix, &
IR 4 B 0 B LA B iR 22 . IF TR RS
10,20,40 F1 80 d #EAT M IR MERFE . A U R AE B AL %
BN EE 3 BE R 3 AN ER .,

1.3 MEHZE

1.3.1 MY EABASALEMNE HERHFMHN
10,20,40,80 d B SR AE , KA B 5 45 90 R fE 4L, B3 H
H kKR BE 30 min, WPt R BEZ R R T B, H x50

YT G FHZE MK v ik 2~ 3 U WK 4R T 7K
g3 R AR M B S AR A T, R A AR SR AR R )
Br 248 (WINRHIZO) , XA R AR K AR 2 11 AR AR B
AR A FEAT 3 0 (R R R S AL o3
HEF N 12 800X 12 800 dpi) . HR R4 52 e » Xt |
FFAREBF 105 C R 30 min,80 CHLF E{HE, 4
St b B AR ) ORS A {0,000 1 @),
1.3.2 &F4FnE 80 d BN PR AR, X B
ZRRM R AT AR S EMNE. HNE-— 2R
HQ s DREESM e AR S, IR
BGE a MR b, EKAY PR IMEER at+b T,
1.4 HiEAIE

iR 56 B8 % JH Microsoft Excel 2010 Fil SPSS
19.0 B 47 B A 2 J7 22 47 B Cone-way ANOVA),
BEMER I LSD % (p<C0.05) 5 XF i 16 $ic s of 17 48
ot 51ER .,

2 iR5aPr

21 AEEBIESENEZERZAESHIMN

A RO R, A A B AR RARK 2K
B AT G B AR RAR K — R T AR5 g4
P, 4 R U5 Y A B S R T Y b B L S R SE N
Je S M/ S A i B R A R AR TS G Ak B R G
A0 FRAH B 52 B e BG 0 o (D, 10 d B, 4
Ja V5 G b 3 55 R 7 Y b 3R] G B 3 25 R (p=>0.05) . 1
TG AL B A S A R A G e S R T e Ak P ]
25 MG Y A B A A R S e b B
FEHN T 25 50.70%,33.50% , 20 d B, 1% 55 i (A] 1
PR R Ay R 4 8 2 A5 R K Y
I, 55 YL b A B, G T £988.10 %, £1 T
K 4 @5 R 2 A AR AR i T R A AR RAR K
M, 40 d B ARKAETS L 5 R, |4 85
PeAb s AT A A R E SR AT YA B
MR 38 K TR 75 Y Ab B, 3 /S 95 Ye &b B 20 43 ) 48 i
T#526.50%,26.20%,5.20% , 80 d W}, £ 315 Y b
HMARK R ER TR AHE, BEWINT Y
26.20 % 5 HoAth 1A A0 B0 AR KA T A 75 Y Ab B,

B A KR, R 75 Y A B A0 AR 2 1 R B
T A, A TS e ab BRI B 4 R 2 A TS e Ak
HAMR R R AR F ARG Y AP 4 w5 Y b B
55K T5 Y b BRAR L, 2 B SR IS B A D
P 1D, 10 d B & 75 YL ab 3 5 ok 15 Y ab ) 2%
B (p<0.05) AT J b B A R ESEE AT
PeAbBE E KT RGP H, 55 B EH N T 4
52.40%,29.50 % » B 4 J@ V5 Y W 2 0 T 4 16.50 %,



% 2

BAG S B F A K RARRIE SN LI Cd.Pb 547 3175 Y& 19 1 Jif 87

20 d I, A9l M TR 4 e A i g 5 G b Ak ) 25 R
LGRS Y AL BEAH L, BRI T 29 148.60 % , 2 )2
KI5 YA PR 1.5 £, MR 22 B0 0 AR R 3% 18 BRAE A vl %
BEBEAGTTREAMHETRM, 40 d B, 3 A5 YL b B
BIR TR V5 Y Ab R, 1 5 4 V5 Y A B 5 R V5 Yl b B
25 0%, BERI T 24 37.80%., 80 d W, 47 il
V5 YL b B 5 A A ) 2% S R R, HL S KT R TS e ab
LR ERON T 2 24.40% , PRI R A K WA, & 0B
(AR 2R AR S 300 o 14 o g A, R T e Ak B AR R 1A
RIS, s RO Ak ESEEA
R AAR RR— H R TR YA B, &4 85
YL kb B AR R e TH AR 5 A T5 G b A LE St B 2 ek
IR 1D, 10 d B A7 lis Geab B A
MEESBE AT RIS R YA M E LR
Yeqb B E) 25 5 0 L 5 ORGP AL BEAR LE L A1 TS Y b
PR A0 K A R TG e A B N T £952.50% .
24.30% . 20 d B, A7 M EE 4 ) 15 Y b B 5 R g g
AhERE 25 S WA BRI T 2 221,90 %0, & K5 YL
AFRAY 2.2 A% 5 00 AT G Ak BRI TR 4 ) s YL Ak B
T RGYALH, 40 d BF, 5 4 J8 75 Y 4b B A AR &R

200 ¢

160} a,
120} b b
80|
b
. ﬂﬂ%l

0
10 20 40 80
B 7% B E)/d

HERK/em
o
o
o

(=]
o]
HH=
i
o0 g bl
®

R AR S EZ/ mm
(=]
N

20 80

B IR 1A)/d

IR E RN, KT Al 3 AN b B, 5 oK T Y Ab B AR
Lb o S BN T 249 51,90 Y6, Fo Al AT Y b BRAGAR R
IR KT RIS YA B, 80 d B, 3 4~75 YL kb B 1Y
R R AR K oK V5 Y b #, L op o i v e Ak 2 AR
RIRFUR R K T4 24.30% ., MBERAKWYE, £
T YA BRI A R AR R B B R B T A s
RO HR A7 B TR 4 e A A TS e b B 5 R TG G b B AR
Ll o 52 B0 2 /0 5 B 0 1 A B, A T Y b B 5
s RIS D R 1. 10 d B A BT
WMALRE LT ELZS 4 MEBAR R TR EKE
PR RECH R . 20 d B, 30 & 5 42 8 V5 Y Aab BE 1 AR
AHEBREERTHA =442 ; 5 K75 Y 4 FEAA HE
MR EERGRAHEMORARERREENT Y
32.20%% A1 Y5 YL 4b B 5 4 JE U5 Y Ab B D T 2
9.20% M1 10.40% ., 40 d B, H & J8 15 YL b B IR R
BAR 5 A Ts Y ab PR 2 5 2, HOE 4w s Y Ak B
B R AR T HAL = 41405, 80 d i, 4% 4b B 7]
KRFEER BEEEGREH AMAESBEER
P Ab BT AT YA B, BN T 29 11.34 %0 A1 4.0%
AT TG YA N T AR TG Y ab B W0 T 2 1.80 %0

50
b
40t
- a
g
< 30t T by & b
®
1= b
® 20+ b b
% b
a
N C d%i Hﬂ
LI
10 20 80
B 7R B E)/d
Lor a [CISH [ISGH
&2 SPH B SPGH
0.8} A
- a a
8 o6} a
® a
§ 0.4} . N
b b
0.2} . . a g ﬂ H
Oﬂﬂ%-.
10 20 40 80
B 77 i) [8)/d

VE - SH 478 A 15 e 1 M+ M 85 SGH 3078 T 42 15 e e+ MR 42 85 SPH 373 43 T ¥5 e 1 M+ M2 50, SPGHL 26 7% 41 i 7 2 A 10 4 75 e
B M 5 RTINS B 3R R ) — SR B ] P R [ A B ] 4 7E B 2 R (p<<0.05) . Tl
B1 ARAXEIBELEFHTEZEREARSE

22 AEXBEIESREEMGTEEEENE(TE)
Wt 57 PR A A RN T ) 38 0 L 4% Ak B M T AR

RN CE D, 10 d B, A0 Ts g ik
PG M 4 R R AT YA B S R T RS YAk
PR, EBEIN T 2 73.79% 1 89.00% , 20 d B, A



88 7K R E

%41

Ll G A A P R T A A PR 5 ORS
AbFHAR LG, N T 24 169.37 %0, £ i K 4 Jm 2
EALER R A Y R R TS QAR B 3 A, 40 d
IR, 2% Ak HE] TG 35 25 S L E G U U YL AL B A7 il S gt
bR A R T A A T Y AR B M T AR W )

TARTG G b, 43 k> T 29 13.43% 5 12.45% Al
2.0% ., 80 d B, 4 J&@ 15 Y AL ¥ . A i is e ab L A
MAESERE GG RAHNB T AY YR ENT
TG Y ab 3, 430 i 2 D 2 T 25,46 %6, 50,76 26
34.69%

1 TRALESREEZFHTEEENTEYE M TEYENZEYENTL

LY B et )/ Ak
(mg/ ) d SH SGH SPH SPGH
10 2.214-0.44¢ 2.6740.04" 3.8440.27* 4.1840.63"
- 20 2.224+0.37" 3.01+0.67" 3.16£0.24" 5.98+1.18"
R A
40 7.47+1.02° 6.46+0.80° 6.5440.83° 7.3240.38°
80 14.05+0.61° 10.47+£0.92" 6.91+0.66° 9.1740.54%
10 3.2240.29° 2.1340.20" 2.3940.25" 2.1040.17"
. 20 8.6441.15° 7.71£0.95° 4.7840.13° 4.4741.93°
i |-/
" 40 12.25+0.49° 6.9440.73" 8.8241.23" 6.68+0.65"
80 15.70+0.52° 11.29+0.74" 9.5+1.63" 6.59+0.30°
10 5.43+0.52° 4.840.20° 6.23+0.43° 6.28+0.70°
\ . 20 10.8641.41° 10.72+1.61° 7.95+0.26° 10.45+1.29°
A v . _ " .
40 19.7241.48° 13.4141.46" 15.361.82 14.01£0.30"
80 29.7640.22¢ 21.7741.33" 16.41+1.85° 15.77+0.70°

TE AN /ING 52 B 37 [R] — SR A I 1] P9 AS [ A B 0] A 7 Jk 35 22 57 (p<<0.05) .

Wil 5 B 7 A R BT ) ) 0, A% A 3 Y M AR )
O I BN R B AN [R) VG e S AR Ak B b | A
W /N FRIGYAE (R 1D, 10 dB L, EEE 5
ARBR 73 TE G b B A K T A TR R A T Y Ak B ]
(4 b b A g ek 38 2 IR R T G Ak B A O3] i 2 e D
T #)33.85%,25.78% 1 34.68 % ; A= K A 10 d, %% kb
PR HL b AR R R k. SH > SPH > SPGH >
SGH, 20 d Bf. AR5 Y ab B 5 5 4 8 15 Yo 4b B L A1 I
TS YA A B A Jm A TS Y a3 R O W 2
St ARG Y Ab B s e b B A R R
S TS Y A B Ml AR AR T RS YA B 43 )
WD T 29 10.79% ,44.64 % F1 20.89% ., 40 d B, 4% 4b
P A EAEY R LS B B IS YA A
YA A R E AR S AT YA 5 R Y b
AL 23 50 5 2508 /0 T 24 43.29%, 27.97% F1 45.42%,
80 dif, & AbFRE (b BB 2R B, HAeJETS
YA B A TG e b B A M A R R A TS Y b B
5K 05 gL b BEAH L 4 A G S > T 2 28,080,
39.51 %1 58.02% . FEAKMY 20 d J5 , & 4038 L I
W R K SH>SGH>SPH >SPGH, % 1
A DL M, 45 b 3 B ) S A ) B A K T TR] Y
AL IR, 10 d L E ARG YA B A
TG YL b B AT B T G R G T Y A B R R R
A AR TS Y A B R T B 2 L A AL B A SR )

R K. SPGH>SPH>SH>SGH, 20 d i}, &4
JETG Y AL B TG Y Ab B A K AR A
b3 B B B A ) S R TS Y A B O B 2R
A AL B ] B AR W) e R SGH > SH > SPGH >
SPH, 40 dif . E& R Is P ab 3 A A EEEE G
5 Y Ab 3 5 R TG Ye b 3N 2% S B L 5 R T G Ak B A
Lo, 4 Je s YL Ab 3 A K A R A TS e A B
ORI SR Ay B B B AR T 29 31.98%
28.96% , 80 d W}, T 4 JE 15 YL 4b BE A7 7 5 YL 4b B
A M 4 R A TS Y A B S R S Y A BAR 4 i)
LD T 2 26.85%,44.84 Y5 1 A7.00 %5 L 45 40 FH Y B
EYRR N . SH>SGH>SPH>SPGH,
23 AEXBLESEEZEGHTEZEHREBEEE

B

B2 oA JE R R 2R L ey Y Sk T A
mag R R HAM AR SR, R 2 AT, &b B
LR a, 4R b, KIS P REM SR a+b 1
TR T ARG YA, 5K Y A A L. A TS
b MM ESEE ST RIS ER a T
O35 B 2 T 2 41,22 %6 F0 37.09 %, H 4 JE U5 Y ik
FWE > T 2 10.54% . T4 JE 5 YL Ab 3 L A TS e b
oMk ESBEGTRAIAHEER Db TSR
TS YL b B L, 43 B > T 2 16,46 %, 34,52 % Al
44.56 Yo, ooy S 4 )R B G 15 e ab 3 5 R TG G



5% 2 3

BAG S B F A K RARRIE SN LI Cd.Pb 547 3175 Y& 19 1 Jif 89

b ) 25 S W 2 AT TR A R R B TS Y N R R
SRE bR K., AT b A R 4
BEAT A S bR SRS R Y B
oA ) B > T 24 43.97 Y F 46.72% . A7 TG YL
W AWM ESBE AR RER atb &

14 .
12} l
T] LOF ab
g 08} b
< b
§ 06f
¥ 04}
=
0.2}
0
SH SGH SPH SPGH
pOgE:
0.4
a
Zosp |
o
g b
W 0.2
v b b
£
= 0.1}
K
0
SH SGH SPH SPGH
At

5 ORTG YA BT LG, 0 0 S 3 > T 293916 00 Al
39.22 00, HAT {5 Y Ak BRI A7 i Je G Jm 2 5 TS Gt
PR TC W FE 2. AR EROMEESRE S
TGRS PR M SR a+b WK, £l
bRz .

0.6

0.5}

ab ab
0.3+F b
0.2}
0.1}
0
SGH SPH
PR

M4k Eb/(mg + L)

SH SPGH

ab

0.8}

M4 Za+b/(mg + L)

0.4}

SH SGH SPH SPGH

4 B

B2 AETESEEFHTEEZEHZRERBESENTUER

24 EEXERRZAVERMHFGEZAEREEN
K2 NBERRRSE R AR T EES
EEHCHE, MR 2 WAL BERRARK S E
b & B E R (p<<0.0D), 54K a JEH
N F SR SRR B O G (p<<0.05) R R E
T AR SR AR R B AR B IE MR (p<<0.0D)  HAR R
HARBEEME(p<0.05) . RAEAHBRSGHRKR

BB E LA (p<<0.01); BEF# FAEY 5%
WS N EBEREEMHX W TAYRS LAY ERD
FIEM K (p<<0.05) 4R a GG R D THER
FIEAK(p<<0.05), HEHE MR R A= 2R
B IEMC(p<<0.0D) ;4 E b 5REAE K 4
R SRR FEEMAEKHE P REHERAER
3 TEAH 5 (p<<0.01),

®2 EEXERZEEREVEMHRFEBISEENEXE

e B RERHE REE BER WEhAYE BT4EYE BEYE WgHa Kb XY MR HgEAM
K 1 0.447  —0.217 0.167 —0.410 0.454 0.162 —0.716"  —0.861"° —0.789°  —0.782"
MR R 1 0.771" 0956 " —0.168  —0.034 —0.146 0.142 —0.018 0.005 0.090
RERZ 1 0.919" "~ 0.168  —0.314 —0.190 0.685 0.595 0.592 0.668
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SR 1 0.059 —0.138 0.029 0.012
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MakE b 1 0.904" " 0.959°"
FNE NE 1 0.954
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