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Effects of Heavy Metal Pollution on Photosynthetic Characteristics and
Heavy Metal Contents in Forage Leaves under Different Planting Patterns

Z0OU Wen-tong, WANG Yan-jun, CAO Zhi, JIN Mei-fang, LIN Mao-zi

(College of Ocean Science and Biochemistry Engineering, Fuging Branch of Fujian Normal University, Fuging 350300, Fujian, China)

Abstract: In order to explore the effects of heavy metal pollution on physiological characters of forage under
different planting patterns, three forages, such as Pennisetum sinese, Lolium perenne and Juncus effusus, were
single cropping and intercropping, the effects of heavy metal pollution on photosynthetic parameters, photo-
synthetic pigments and heavy metal contents in leaves under different planting patterns were studied. The results
showed that compared with monoculture, the contents of chlorophyll (Chl) a, Chl a+b and carotenoid (Car) of P.
sinese leaves under intercropping increased significantly, while P,, Gs, Ci and Chl b content decreased signi-
ficantly, but there was no significant difference in transpiration rate (T;). The C; and Car content in L. perenne and
J. effusus increased significantly, while Py, T\, Gs, contents of Chl a, Chl b, and Chl a+b decreased significantly
except of Chl a content in J. effusus. The leaf and total biomass, heavy metal contents in three forage leaves
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increased significantly under intercropping, except that copper content of J. effusus decreased significantly.
Compared with control, the photosynthetic parameters, photosynthetic pigment content in leaves, leaf and total
biomass of P. sinese were significantly improved treated with low concentration heavy metal pollution, while the
Pn, Tr, Gs, Ciin leaves, leaf and total biomass of L. perenne and J. effusus decreased significantly, and photo-
synthetic pigment contents increased significantly, but there was no significant difference in T,, C;, leaf biomass of
L. perenne and Chl b content in L. perenne and J. effusus. The contents of heavy metals in three forage leaves
increased significantly under heavy metal pollution. The interaction of planting pattern <heavy metal pollution on
photosynthetic parameters, photosynthetic pigment content, leaf and total biomass, and heavy metal content of
forage leaves were significant. Therefore, on the heavy metal combined pollution soil, it was beneficial for
accumulation of dry matter and absorption of heavy metals of three forages under intercropping, while under
monoculture, it was more beneficial to improve their photosynthetic capacity. Under different planting patterns,

the adaptability of P. sinese to heavy metal pollution was stronger than that of L. perenne and J. effusus.
Key words: Heavy metal; Pollution; Forage; Planting pattern; Photosynthetic characteristics

BEHR Tk R, X T EE RS
e H ™, 2014 F )R AR A E L) 1/6 #iHm
U LA E E SRS, g ridb s
1, Hrp bR s hy5 Yo i 4 8 o2 F 2 DU 4R
PN, (KT L R ES RISt R
T R BENER; KRR R A =B
BEL 4. #OAER. REZBFIRE, A X g
EEEEAE 1, TRZMeEMEEERNSE
GHESEEY, HFBEUAREEE 5N T, &
FRASERRAE S G, 3 fa S R (g e,

H A, % -3 8 58 52 65 Yot 5T 2 LR AR A
BRI, MRS, FRERUL. EYEEEl ARARPL 4
FRDOL FRARMISET Ays e b, XA E A
SO SR D . LR, E77H (Pennisetum
sinese) 176 & 16 FH 2 4R e 02, Y R0 e i
(Juncus effusus) i) 4 B2 A AL KPR R A VE A 52
Wi 131, # 4> J ¥ 4exf HE 37 5 (Lolium perenne) Y644
IsZM 7D, FETTR Aot 7, &
VP&, s Fl A RS T g Ak, B RICR A
MEGHNE. B, IS AR G5 gt
[EfE EATE, B ERRARE A AT B A9
TR, PR E AR A Y RV EFI B ER
B RARYI IR, TR EERAREAR 22 X R
W AT Qe IR B R R S

1 MRS

1.1 Akt
RO 2424 1) B 775 (Pennisetum  sinese)

B 22 ¥ (Lolium perenne), LA 2 B A5 [ g &L
(Juncus effusus). KHEHEEE O K 22ARTE 0 1 5
APARZEE RIS ENTE, SR (gl
Sy MY WS 3L IR, pH v 7.860, H
MUBR & &80 43.81 g/kg B HA0HE . A
A4S AV B ) il 105.0,49.81.217.5.3 951
A1 1425 mglkg; Ak, ARET AR AR A
HREEES %4 0.03, 0.10. 0.92 AT 2.76 mg/kg,
ST AR RS AES BN 24.64. 0.38.
4.21 F1 11.73 mg/kg.

1.2 R

KA 2 (2 <)L X ik i, FIE A Al
BV BAE 2 A FERE S B3R B AXTR(CK). IR
FERI SR BE 3 AN R R B B A5 KT (RIKRE
&R E AT 400 mg/kg Pb(NOs)2+15 mg/kg
CdCl,+300 mg/kg CuSO4+300 mg/kg ZnSOq fic i,
F P 4 R 2 65 G4 A 800 mg/kg Pb(NOs)2+
30 mg/kg CdCl,+600 mg/kg CuSO4+600 mg/kg
ZnSO4 BTl o F KA QBT T IT AR IAED TR A4
iR KA T Ja T4l P R KRR b, B G5 4
WS fi D B NN LR R A A, iR
HBERE AR, REE 2 kg LIEFIAFNZ
RabEE 1 A ARG HIRES R SR, SR8
Pb?*. Cd?*. Cu?*HlI Zn?*%& =43 J24 23.55. 0.350.
4.450 F1 12.24 mg/kg; IR 5 G T3 1 AH N2 T
SE NN 402.1. 14.92. 285.7 A1 293.3 mg/kg; 1
IR FETS e LI AR BB 1 B4 i) 764.3. 30.09.
575.5 1 589.6 mg/kg.
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1.3 Fik
KE&FEIREME  HEKLEASESEEZL 1
ANAJE, KR E, BEEMRIEERE
MR, EREKHEER AWM &S, &
4 8:30-11:30 ] CIRAS-2 &1 I & 2R 45 (3
[ DB R A AR AT B 2 ) )il g s B e (2 1)
W A R E— SO R e A TE R R R (P 7515
TR (T A AL T (Gs) M40 I 18] B CO2 % (Ci),
I 5E G R B 1 000 mol/(m? s)16), ik 1 F7
MR, HEE 3R, RHGEIEST 3 K.
HFEERESENNE HE A3 R SR R )
— AL 95% BRI At k, F 722 1
AL WL H 6 R T e 4 25 (Chl) a. Chl by Z&#
¥ MR(CanFEM, HAEES 3 K.
EERNE A0 dEBGREOE, ¥
A ROK AR TR K 7, BATE L ZEHIR
Oy TFs BFERERUE AR B R TT, &
HMEE 105°C 4T 10 min, 5 80°CHEEEE, R
J PR B 45 FR A 1) 42 o i el
ESRSENNE KT IRAL 1 i) % H
SEsENERS, HKIEE TR T
I E BN F AL A4 . 4R, AR e,

1.4 BRI

HHE A 3 IR E A [1)°FI41H, FH DPS 2005 # 44
BEAT 7 24387, FIH Duncan 37 S 22158017 2
SR EMERK, LLP<0.05 1 P<0.01 4 5 # R A Bl
[ 22 S Y 2 AR 2 2

2 SERM T

2.1 XHEN LS ER YN

M 1 ol W, AERIEE, Z277E A P
Trv Gs Fl C; ¥ il B 4 & ¥R B (1) T e 22 2 14 s sk P
BAEH, HBLMRIRERM K, T GsMCilk
Xt HE (CK) 73 7 i i 35 32 5 1 46.40%. 52.18% A1

144.78%, i /= ¥ B AL B (1) U AR IR B AL B (1) Fr T
B, {HP.hiE 4 m T 18.44%., EHEEK Py T,
N Ci b 5 G E 4 VA B ) 0 B S T BRI AR
thia%s, HIUMERKRE BRI HK, 25t CK %
WERE T 33.10%. 20.23%Fl1 22.05%, Gs M
TR, DAEIREEAL I RAK, b CK AR E PR T
35.97%. WINEPGESHIM LIRS G HER/IK
£ B AN BEAR, SR FEALER Y Poy Trv Gs A Ci
B/, At CK il w25 T B 38.53%. 45.77%.
41.52%711 28.82%.

FERER, B RIEE A AR R AN,
SEATEL 7R C BRI SR AR, IR
AbPELE CK 3800 5.53%, TLRFHZER, mlkELAHE
AR 2 3% R % 7 21.65%; 1M Py Ty Gs 21X T+
AR, SRR, il CK )
BEIRE T 104.13%. 57.62%7#1153.34%, A1
AR Poy Tre Gs M1 Ci¥ 2 FREMIEHA, H
B UL B AR BRI B/, 43 il B CROAR 5 3 PRI
7 49.31%. 16.80%. 20.17%. 42.44%7#157.65%-
38.60%. 56.55%. 50.11%.

BE YRR A B S AW G i, EATRL
Pov Trv Go Fl Ci ¥ 23N, Y LLEHK AL
IR, 73l b CK 23 FF+ T 42.04%. 35.44%.
82.14%H11 48.23%; Ha 27 B[] Py 1 Gs 2 T RS,
DA R FE AR 3R () e /N, 43 il b CK AR 2 25 02D T
47.14%F0 26.94%, T A Ci e THE Y, 5
CK M ERHANEE; WAEN Poy Trv Gl Ci
TR, mIREAAE AN, Al CK ARE
F LT 53.24%. 41.75%. 51.50%7F1 39.40%.

2.2 PEHFAESARXEENEH

M 2 L, TR, EAT RO AR
J7 Chl a. Chl b. Chl a+b 1 Car & &35 T 14
R R A AR R R T 4G m 2 A 4 S ek 1) AR Ak R A
H 35 DR IR FE AL B By e K, 43 7l B CK O I 35 1Y
T 44.59%. 96.30%. 52.17%. 12.50%7/146.36%.
40.74%. 45.26%. 77.78%. SEFEiHF Chl a. Chl b,
Chla+b & &t 2675 B AR (L, DUIKIK
FE AL BRI, 3B CKAR B 19 T 18.37%.
34.78% K1 22.31%; Car &=MIZEIEN, K. =
JEARFRREL CK R 3E 3N T 13.33%411 43.33%.

PR, 247 Y Chlay Chlb. Chi
a+b Al Car & =R T IE AR 5 AR L (3 in
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Table 1 Effects of heavy metal pollution on photosynthesis of forage leaves under different planting patterns

e Pn [umol/(m? s)] T, [mmol/(m? s)] G, [mmol/(m? s)] Ci (umol/mol)
Forage 1 2 3 1 2 3 1 2 3 1 2 3

PS %t CK  8.23cC 9.60bAB 892cB  3.87cC 4.03bB  3.95bB 110.0cC  129.7cC 119.8cC 72.33aA  32.00cC 52.17cC
{& Low 11.57bB  11.37aA 11.47bA 4.80bB 5.90aA 5.35aA 190.3bB  197.3aA 193.8bB 76.33aA  78.33aA  56.50bB
7 High 16.80aA 8.53bB  12.67aA  6.10aA 4.60bAB 5.35aA 278.7aA  157.7bB 218.2aA 56.67bB  56.33bB  77.33aA
SF-34) Mean 12.20aA 9.83bB 4.92aA 4.82aA 193.0aA 161.5bB 68.44aA  55.55bB

LP xtiE CK 16.77aA 423bB  10.50aA  6.13aA 4.30bB  5.22aA 226.3aA  168.7aA 197.5aA 136.7aA  127.0cB  131.8aA
fik Low 11.53bB 5.63aA 8.58bB  5.50bAB 5.17aA 5.333A 183.7bB  151.7bB 167.7bB 109.7bB  155.0aA  132.3aA
7= High 8.50cC 2.60cC 555cC  5.10bB 3.77cC 4.43bB 180.7bB  108.0cC 144.3cC 78.67cC 143.7bA  111.2bB
S35 Mean 12.27aA 4.16bB 558aA 4.41bB 196.9aA  142.8bB 108.3bB  141.9aA

JE %} CK 11.57aA 3.53aA 7.55aA  5.70aA 4.37aA 5.03aA 198.7aA  100.3aA  149.5aA 153.0aA  155.0aA  154.0aA
& Low 6.87bB 2.73bB 480bB  4.73bB 2.67bB  3.70bB 140.3bB  68.67bB 104.5bB 124.7bB  149.7aA  137.2bB
7 High 4.90cB 2.17cB 3.53cC  3.50cC 2.37bB 2.93cC 86.33cC  58.67cC  72.50cC 76.33cC  110.3bB  93.33cC
P15 Mean 7.78aA 2.81bB 4.64aA 3.13bB 141.8aA  75.89bB 118.0bB  138.33A

PS: BATHE; LP: MR JE: AR, 1 Wk, 20 MR 30 P2, Py WOLEIERE; T AMER; G RALTEE, G Ml CO i E. [RIFIEHE AR/

BRKE T HRR 257 B3 (P<0.05) Mk B % (P<0.01). R,

PS: Pennisetum sinese; LP: Lolium perenne; JE: Juncus effusus; 1: Monoculture; 2: Intercropping; 3: Mean; Pn: Net photosynthetic rate; T,: Transpiration rate;

Gs: Stomatal conductance; C;: Intercellular CO, concentration. Data followed different small and capital letters within column indicate significant differences at

0.05 and 0.01 levels, respectively. The same is following Tables.

% 2 ANFMRERE T B GRS G s B S R S R

Table 2 Effects of heavy metal pollution on photosynthetic pigment content of forage leaves under different planting patterns

L Chl a (mg/g) Chl b (mg/g) Chla+b (mg/g) Car (mg/g)
Forage 1 2 3 1 2 3 1 2 3 1 2 3

PS il CK 1.77bB 157cB  1.67bB 0.42bB 0.27cC  0.34bB 2.18bB 1.84cC  2.01bB 0.39bB  0.48bB  0.43cC
f& Low 191aA  2.27aA 2.09aA 0.56aA  0.53aA  0.54aA 247aA  2.80aA 2.63aA 0.55aA  0.54aA 0.55aA
5 High 0.86cC  2.11bA  1.49cC 0.32cC 0.40bB  0.36bB 1.17¢C 2.52bB  1.84cC 0.42bB 0.53aAB 0.47bB
-1 Mean 1.51bB 1.99aA 0.43aA  0.40bB 1.94bB  2.3%9aA 0.45bB  0.52aA

LP X CK 1.25aA  0.98bB  1.11bB 0.33aA  0.23bB  0.28aA 1.58aA  1.21bB  1.39bB 0.29bAB  0.30cB  0.29bB
fi& Low 1.13bB 1.16aA 1.15aA 0.27bB 0.31aA  0.29aA 1.40bB 1.48aA 1.44aA 0.31aA  0.34bB  0.33aA
= High 1.01cC 0.59cC  0.80cC 0.21cC 0.14cC  0.17bB 1.21cC 0.73cC  0.97cC 0.26cB  0.43aA 0.34aA
F-# Mean 1.13aA  0.91bB 0.27aA  0.23bB 1.40aA  1.14bB 0.29bB  0.36aA

JE XIHE CK 1.36aA 1.10cB  1.23bB 0.47aA 0.27bB 0.37aA 1.82aA 1.37bB  1.60bB 0.36aA  0.27¢cC  0.31bB
f& Low 1.32bA  1.6laA 1.47aA 0.37bB 0.38aA  0.38aA 1.69bB 1.99aA 1.84aA 0.32bA  0.48aA 0.40aA
= High 1.23cB 1.25bB  1.24bB 0.28cC 0.23cB  0.26bB 1.51cC 1.49bB  1.50cC 0.27¢cB  0.37bB  0.32bB
SFH) Mean 1.30aA  1.32aA 0.37aA  0.29bB 1.67aA  1.62bA 0.31bB  0.37aA

I 5 AR

o) DAAR 94 8 Ak P o v

e AR B B A IR N, AT R

3 A CK MR 1 1 7.91%. 33.33%. 13.30%
F141.03%., EFEENHF Chl a. Chl b.Chl a+b
TENENEMES, DISkEAER/DN, 5l
CK R Z /> T 23.76%-. 36.36%F1 23.41%; Kk
FEALERMY Car & &L CK R R 10.34%, 1 ik &
AR KT CK. A () Chl a. Chl b,
Chla+b Al Car & EIZ MW AR, DAmik AL BE 1)
/0N, 3l b CKAR R 35 BRAIK 1 9.56%- 40.43%.
17.03%7#1 25.00%.

ELH F7 I Chla. Chlb. Chla+b Al Car & &35 525
W FE IR A, B UMK B R, il B
CK /N Y 25.15%. 58.82%. 30.84%. 27.91%74
19.51%. 2.70%. 15.00%. 29.03%, & fE4i%E Chl b
S5 CK ZRAREN, HRpBkmEEER,
R F ¥ Chl a. Chl b A1 Chl a+b & & 2567+
JEFEE, DURIREEAN R EOR, 4Btk CK48m
7 3.60%. 3.57%713.60%, [ Chlb 5 CK fZ A
B3, HRYENEEER, CarfrERmIMads,
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PAER AR R, B CK AR ESE S T 17.24%.

2.3 XHRENF RS AR

H# 3 v, [MERCT, B R R A e
HIRFEME N, BT Y E 2T E R
B, ARIR AR B, B CKAR R 25 3611 51.76%;
AR AR R 2R, Dl
WAL B s, b CKOBR IR 35 38 1 88.89%; 2l
B b AR R R g, DL A
g/, B CKOB w25 ik 42.86%. FAEREAT,
LAY B A R T AR A A TR 1
BITHE AR R, R s, L
CK M2 481 29.09%; B E M LM E R
TR, mIREAE N RN, CK MR8

3 AR E G Ao o A LS AR R R

fi 50.00%; 45 [t b R AE MR SR B a3,
EIR AR B/, B CK B 535 FA{I 60.00%.

AR, RIVE TR 1 3 PR (I B R A
YW RE m T oA, BEEERE R S SRR, &
PR RS AR P S R SR, DU
WL AL R, R A & T CRKORR . 35 386
44.15%, MAVIESCKIIZERALE; BERHM
R E RS, SR AN L CK 3542
B 22.22%, SRR RS S, BRI A
A By 2 NS, LSk A T i
/N, Gl CK AR R kb 52.17%7411 53.66%
2.4 MHEHFESRAEMEW

K 4 v W, fERAERET, 3 MM A

Table 3 Effect of heavy metal pollution on leaf and total biomass of forages under different planting patterns

W2 A4 Leaf biomass (g) SAEYrE Total biomass (g)
Forage 1 2 3 1 2 3
PS %R CK 1.10bB 1.99bB 1.54bB 2.51aA 4.33bB 3.423A
1% Low 1.42aA 3.02aA 2.22aA 2.35aA 4.79aA 3.57aA
= High 0.91cC 1.73bB 1.32cC 1.29bB 2.63cC 1.96bB
P34 Mean 1.14bB 2.24aA 2.05bB 3.92aA
LP X CK 0.10aA 0.09cC 0.09bB 0.13aA 0.19aA 0.13aA
f& Low 0.06bB 0.14bB 0.10bAB 0.07bB 0.16bB 0.11cC
= High 0.05bB 0.17aA 0.11aA 0.05cC 0.14cC 0.12bB
P34 Mean 0.07bB 0.13aA 0.08bB 0.16aA
JE X CcK 0.25aA 0.21aA 0.23aA 0.38aA 0.45aA 0.41aA
fi& Low 0.10bB 0.18bB 0.14bB 0.20bB 0.36bB 0.28bB
= High 0.10bB 0.12cC 0.11cC 0.18cB 0.20cC 0.19cC
¥4 Mean 0.15bB 0.17aA 0.25bB 0.33aA
4 ARFRAER T B4R TG Y R v B 48 & B R
Table 4 Effect of heavy metal pollution on heavy metal content in forage leaves under different planting patterns
s Pb (mg/kg) Cd (mg/kg) Cu (mg/kg) Zn (mg/kg)
Forage 1 2 3 1 2 3 1 2 3 1 2 3
PS X CK 0.00cC  0.00cC  0.00cC 0.00cC 0.00cC  0.00cC 0.00cC  0.00cC  0.00cC 0.00cC  0.00cC  0.00cC
i Low 14.47bB 24.46bB 19.46bB 9.30bB  20.58bB  14.94bB  145.1bB  155.8bB 150.5bB 122.3bB  140.4bB 131.3bB
= High 32.39aA 42.42aA 37.41aA 14.96aA  25.87aA 20.41aA  197.3aA 233.3aA 215.3aA  155.0aA 160.7aA 157.8aA
35 Mean 15.62bB  22.29aA 8.08bB  15.48aA 114.1bB  129.7aA 92.43bB  100.3aA
LP X} CK 0.00cC  0.00cC  0.00cC 0.00cC 0.00cC 0.00cC 0.00cC 0.00cC  0.00cC 0.00cC  0.00cC  0.00cC
f& Low 28.68bB 41.56bB 35.12bB 10.89bB  15.39bB  13.14bB 14.13bB  15.40bB 14.77bB  229.5bB 284.0bB 256.7bB
& High 42.72aA 52.82aA 47.77aA 25.80aA  37.86aA 31.83aA 49.13aA 68.24aA 58.68aA 461.0aA 510.4aA 485.7aA
SF¥) Mean  23.80bB  31.46aA 12.23bB  17.75aA 21.09bB  27.88aA 230.2bB  264.8aA
JE X CK 0.00cC  0.00cC  0.00cC 0.00cC 0.00cC  0.00cC 0.00cC  0.00cC  0.00cC 0.00cC  0.00cC  0.00cC
f& Low 10.63bB  16.75bB  13.69bB 3.98bB 545bB  4.72bB  180.3bB 175.6bB 177.9bB  56.58bB 63.93bB 60.25bB
" High 32.63aA 39.31aA 35.97aA 6.28aA  13.03aA 9.65aA  283.9aA 218.4aA 251.2aA 77.85aA 85.24aA 81.54aA
34 Mean 14.42bB  18.69aA 3.42bB 6.16aA 154.7aA  131.3bB 4481bB  49.72aA
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Pb. Cd. Cu. Zn & EIHPEEVEREEE S SR E 1
mE BT E, SIREA IR R E ST CK, 2
&y H3R T 32.39. 14.96. 197.3. 155.0 mg/kg,
FHPRE42.72. 25.80. 49.131461.0 mg/kg, i
i 32.63. 6.28. 283.9 fll 77.85 mg/kg.

FEEWEREECT, 3 st i) Pby Cd. Cu A1
Zn & B E YRR A B B SR FE I T 2 D )
B, EIRE AR AT CK, EATHE R 4242,
25.87. 233.3. 160.7 mg/kg, HE3F R E 52.82,
37.86. 68.24 Al 510.4 mg/kg, o E HEE 39.31,
13.03. 218.4 fi185.24 mg/kg.

SME LA, [APER) 3 FHCEH - Pby Cd. Cus.
Zn SRR EZE & TR BRI E SR
FERIEG N, 3FAL M F ) Pby Cdy Cu. Zn&
HIYEEMMES, mKRELBEPREES
F CK, EATH 453N 37.41. 20.41, 215.3 fil

R 5 FE LU G R TS R R POt AR ADE S B i) FE

157.8 mg/kg; A H NN 47.77. 31.83. 58.68 fll
485.7 mg/kg; A IE N 35.97. 9.65. 251.2 fll
81.54 mg/kg.

2.5 FEST

Ti TR AR 5), BRFREAR N 2 TR T,
WA AL, PR, E AR T Y A A AR AR
X xE LB I5 Y AR AT, B RO Ft
R ESEI AR B R K. R, B
R 2O T A 1) Chl a+b & & RS2 k 3
FK, X Chla &M EE A, P,
HE BTG YR S L HAEXT 3 PR B Chl a.
Chl b, Chla+b 1 Car 7 & 1) 5 M35 1A 1 2 2 K F
M 6 uf I, M. REE B Y L AR 3
PR AR AP EA Pby Cd. Cu Fl Zn
BB IR A B R 2 KT

Table 5 F value of effect of planting pattern and heavy metal pollution on photosynthesis of forage leaves

M E Forage [X-¥ Factor Pn T, Gs Ci Chla Chlb chl Car
PS A 49.39™ 0.35 269.80™ 146.60™ 407.40™ 13.14™ 555.90™ 102.20™
B 43,12 50.91™ 954.40™ 213.00™ 229.00™ 211.00™ 649.80™ 113.60"
AxB 78.54™ 33.80™ 550.80"" 166.50"" 322.40™ 54.25™ 673.80™ 35.09"
LP A 1415™ 131.60™ 1587 572.20™ 837.70™ 51.73™ 762.60™ 118.40™
B 178.60™ 30.87" 513.40" 98.85™ 865.20" 162.80™ 995.70™ 21.70™
AxB 105.10™ 18.79™ 76.43™ 253.70™ 315.40™ 54.28™ 336.70™ 57.77"
JE A 602.60™ 257.60™ 1201 194.50™ 1.26 160.10™ 6.76" 91.80™
B 137.30™ 169.90™ 551.90" 615.20™ 67.06™ 155.90™ 87.47™ 80.29™
AxB 61.42™ 9.08™ 117.40™ 42.70™ 70.38™ 100.60™ 100.10™ 152.90™
* P<0.05; **: P<0.01. A: Fifdii=; B: E&JEI54. TRA.
*: P<0.05; **: P<0.01. A: Planting pattern; B: Heavy metal pollution. The same is following Table.
6 FEAR RN 2 5 8 15 Y B b 2R R 5 e 5 R A F A
Table 6 F value of effects of planting pattern and heavy metal pollution on biomass and heavy metal content in forage leaves
B A i i )= iy
Fi%jge Fcir Lela{j t%oﬁjis Tota%??niss Pb cd cu Zn
PS A 489.00™ 638.90™ 515.30" 574.1" 77.05™ 105.9™
B 117.70™ 192.30™ 5404 1561 5180 16073™
AxB 25.50™ 18.55™ 128.80™ 143.6™ 36.21™ 47.91"
LP A 569.30™ 7558™ 152.20™ 403.1" 119.3™ 159.5™
B 9.34™ 136.30™ 2119™ 4514™ 3210™ 10475™
AxB 178.20" 1805™ 39.74™ 163.8™ 98.42™ 4017
JE A 32.16™ 164.10" 182.30" 1105™ 344.1” 131.4™
B 507.40™ 430.40™ 4405™ 4567 13952™ 12992™
AxB 105.50™ 39.27 45.85™ 618.1°" 279.2" 32.85

2Rz AT ARG, Bef R ARid e he, fEea R

R B G E M. MRS B HE
EEDEEEN, SCEERA S AR ER S
%ﬁ%’ JZS‘%‘ Pny Trs GS\ i%ﬁ%[19720]0 ZIKEH:%
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SRR, MIREESBEEET, HERNETEY
HIERAS B RS ES ST HE, BEEA
ARG AR S ES T RE. AEIEASEUR
TR, SRR ST RO IR IR 2 1)
Jefig, REDEA SN, B2 LE R EEN
AR ENEER e R ZR, IR R
DA AE S HAERE N IHRIG 2SS, vRE
s BRI 58 mPURE LA RS
VR FE B G B TS gy R AR 3 P A R IIIC
THAE, SHRAEFAL, [EEETEN G R
TEWMEE L, CEIERSEIEE N B
A EH A Civ Car B E N, Pay Tis
Gs. Chl a. Chl b A1 Chl a+b # & 3Ew/>, AlhER
EERGH, NHAE GRSt th, AREY
[Pl b2 s e PR OB IR AT AERY, SECEAE
RZHERANEERAE G, NR—BS A= SR
SYRE, SRR, 1A4E 3 RhAREL M AR
BEAAYERES RS ESWEE B, TR
E IR T A FRIAEY LA R 7R e fk, o -
BRI, FEEAEYIN A RUFR A RIS, DA
PRAEPDAE [ BA R BT 75 7% 0 ks, IERECGE1EY)
EREFROL, TEEEYIMAEYERISE ., ARk R
F BRI O 3 MR R IR
Py RIS RIAEE, (MR LI R E 4
JE AR AR B A R, B E R R AR A
BERIRS AR, X T ARSI 5 4 2R
[R] 1H 346 5 5 3G (1 AL 470 ) A T DA v ' SR A IR
HEREME.

HE R mEY R EER, FEmkE
S IR A0 BRI e i 3 P SR 7R 40 i v AR
2, KREEEY RIS, st at R
Iy, HETIREEAVERRY, H 48 5 i i
V2 RS T, AR EZM, (HHX
Y IR WA E R RN, AR AL KR, &
VAR B OGS S 4 4R o AR
SRS, AR R RS SEOU TR . X
5 N RS20 A 75 285 AT o IR FE PO IE T 32
mAAL R MRS NI G R, X2
— Xy S W1 S AT B AR B SRS S,
W) L™= A R AR P ) R B4R R e 45 - DA
T, X P N S R0, I R AR A
I8 5 BOSTE AR KRGS, 51Ok
WS FR LR AT, JE AR, # A&

T ks> et (A TR AR, G i i e, 1O H
RN AAh, BYREEEE 5] S ILTF R D H
ZKH, CO2 AReHENR B, R A vEH /KA
FhnsgE, Seir=vic i XggE, S55E S R
N, PR RERG N, Je AR, BT
KA AE S B E 48 15 Yk SRR BT, W]
A ST H0) EE 4 5 R IR I R 5 T R A
REL . 3 M A B R S B3 R IUE S
TG, HEr ARSI AL AL, AT R R
WREERS, BERNERPER T B & B meE 2 51
BEMEH, NMRILH R REOSR, b E
W AR RIINOR, B AR B N 40 B N 1R T
JURT 2R 3R & B (SR i Sk R TR IR AL 5B | S-2 2 &
BRI R &5 RSt I €2 25 D 5t i) P iR % ' 75 -SH
FERER Sy, PO T BRI, ATORHAS TSRS
BB, A AT RE AR TR R AR T H A
Fe3*. Zn2*Hl Mg?*, fEIR 1 & da (1) 45 K A D) Re v
P, BRI AR R F AR, E AR e
B AY RS Y E 2 EEENEER, W
R A EC AR B 0 50 ) B B2 6 V5 % e i TR S g 1R v
PE, REEEYIAEK, BEEE SIS m, R
PRI, SEREDA KR TR, M E S8 b
1B A 2 S SRl 20 R A ) R S AR R T B,
AT R A2 2 2 BRI T 1 b AT
iX, HAEERASHEALE AR GENTIE SEE
YER TR, FAEREESEDRZE. L5%R
RHPIMRESA, 3 it M E SR S EEE
S JE M a IR R AN, Ul B AT A
W R B A — e R RE 7y, X S ar AR g g
.

R RELY, MR <E L5 R EAE
SRR B LA S A ORSE. EEN
HE RS EMEIEA FEREEKT. EEA&TG
e bdgerh, [EME 3 FRCREA R T B AR R
FE G B RIS, R R R TR i i e A A
Mfess; ELBPIET, AFEFRERR 27T
HeE R AR R 4 R e R T R
BRI AR, YRR S E SRS e A —
PIAESCME. (E2, PR <& & Jm s o8 HAEH
VRCMALLIR I A, SRR, E GRS GeRpE A
WREE . 3RS, (AR R G i & B 22 HEAS R
VIR FIAE R H] . 2S5 (A0 R SR K B VAR O, (R,
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