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Abstract
grass. [ Method] Taking Festuca arundinacea 1. and Lolium perenne L. as research object, the effects of single stress of Pb, Zn, Cu, Cd,

(College of Environmental Sciences, Liaoning University, She-
[ Objective | To study the effects of heavy metals stress on the seed germination and seedling physiological characteristics of turf-

combined stress of Pb +Zn, Cu + Cd on the seed germination and seedling physiological characteristics of turfgrass were studied by using hy-
droponic culture method. [ Result] Pb had stronger effects on the seed germination and respiratory intensity of F. arundinacea, the electrical
conductivity and respiratory intensity of L. perenne than other treatments. Zn could alleviate the damage of Pb on seed germination percentage ,
electrical conductivity, seedling fresh weight of F. arundinacea, and the seed germination, electrical conductivity, seedling fresh weight of L.
perenne. Pb + Zn combined stress had antagonistic effects on the seed electrical conductivity of F. arundinacea, Chl a, Chl b, Chl a + b in the
seedlings of L. perenne. Zn stress had no significant effect on the synthesis of Chl a, Car in the seedlings of L. perenne. Cu + Cd combined
stress had synergistic effects on seed germination and seedling fresh weight of F. arundinacea, but it had antagonistic effects on seed germina-
tion percentage and Chl a, Chl b, Chl a +b in the seedlings of L. perenne. [ Conclusion] The research can provide theoretical basis for the
treatment of heavy metals pollution in the future.
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Table 1 The concentration setting of heavy metals mg/L
4 Jm i Ab R [ AR
Treatments of heavy metal stress  F. arundinacea L. perenne
CK 0 0
Zn 150 150
Pb 600 600
Pb +Zn 600 + 150 600 + 150
Cu 40 40
Cd 25 25
Cu +Cd 40 +25 40 +25
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Table 2  Effects of heavy metal stress on the seed germination of F. arundinacea and L. perenne %
TR Ak _— f%'_ﬂé% F. arundinacea __ _— MWL L. perenne -
Treatments of heavy metal stress . 7/{%% . Zviﬂ‘—;é,‘ . . 71#5:%: . 7',%9}25*}‘ .

Germination percentage Germination potential Germination percentage Germination potential

CK 93.00 £3.25 a 80.00 £2.96 a 89.00 £4.15 a 82.00 £2.31 a
Zn 50.00 £2.42 ¢ 4.00+1.20d 80.00 +£2.86 a 12.00 £1.21 ¢
Pb 11.00£1.24 1.00+0.12 d 50.00+3.12d 6.00+1.22 d
Pb +Zn 42.00+3.01 ¢ 5.00£0.95 d 63.00 £2.53 ¢ 6.00+1.74 d
Cu 65.00+2.22 b 35.00+3.53 b 69.00 £3.36 ¢ 13.00 £2.31 ¢
Cd 70.00 £3.52 b 43.00+2.13 b 72.00 £5.24 b 54.00 £2.14 b
Cu +Cd 44.00 +2.54 d 22.00+2.45 ¢ 66.00 +£2.65 ¢ 33.00 £3.12 b

T FISIAR/NG SRR 28 57 .2 (P <0.05)

Note ; Different small letters in the same column indicate significant difference( P <0.05)
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Table 3 Effects of heavy metal stress on the respiratory intensity and electrical conductivity of F. arundinacea and L. perenne

B 3E F. arundinacea

MASEYA L. perenne

A4 A a b B

Treatments of heavy I 1 58 LA I 1 58 LA

metal stress Respiratory intensity Electrical conductivity Respiratory intensity Electrical conductivity
mg/(g - h) wS/cm mg/(g - h) wS/cm

CK 3.46 £0.10 a 939.33 £122.00 d 3.76 £0.40 a 1840.33 £101.00 d

Zn 2.97£0.20 b 2 105.22 £104.00 c 2.75£0.30 b 2 013.00 £211.00 d

Pb 1.98 £0.40 d 2 589.00 £245.00 a 2.24 +£0.40 d 2792.33 £141.00 a

Pb +Zn 2.96 +0.20 b 2 167.22 £214.00 ¢ 2.61 £0.20 b 2 641.67 £182.00 b

Cu 2.48 £0.30 ¢ 2595.33 £204.00 a 2.22£0.60 d 2389.67 £118.00 ¢

Cd 2.56 £0.30 ¢ 2 512.00 £324.00 a 2.54£0.20 ¢ 2 455.00 £137.00 ¢

Cu +Cd 3.53£0.20 a 2397.33 £335.00 b 2.40 £0.30 ¢ 2 531.00 £106.00 b

T RPN RV NG P hERR 22 57 35 (P <0.05)

Note ; Different small letters in the same column indicate significant difference( P <0.05)
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Table 4 Effects of heavy metal stress on fresh weight of F. arundinacea

and L. perenne seedlings g

T AR AL e s

Treatments of heavy metal stress F. arundinacea L. perenne

CK 1.69+0.02 a 2.33+0.12 a
Zn 0.88 +0.11 cd 0.76 +0.13 ¢
Pb 0.51 £0.07 e 0.64£0.12 ¢
Pb +Zn 0.75+0.11d 0.71 £0.05 ¢
Cu 1.11£0.13 b 0.66 £0.10 ¢
Cd 0.99 +0.13 be 1.06 +0.09 b
Cu+Cd 0.86 +0.13 cd 0.71 £0.06 ¢

L : FISIAR/NG R 22 57 B2 (P <0.05)
Note ; Different small letters in the same column indicate significant differ-

ence( P <0.05)
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Table 5 Effects of heavy metal stress on photosynthetic pigment of F. arundinacea and L. perenne seedlings mg/g
4R ha A °ES F. arundinacea HAZEW L. perenne
Treatments of heavy
metal stress Chl a Chl b Car Chl a+b Chl a Chl b Car Chl a +b
CK 0.83+0.01a 0.39+0.01b 0.18+0.02a 1.12+0.05b 0.92+0.12a 0.33+0.05b 0.21+0.02a 1.25+0.18Db
Zn 0.32+0.22¢ 0.10+0.03 ¢ 0.0520.04d 0.42+0.03 ef 0.91£0.14a 0.46+0.07a 0.21+0.03a 1.37+0.13 a
Pb 0.27+2.02 ¢ 0.14+2.02c¢ 0.1520.02 ab 0.41 £0.02 f 0.47 £0.08 ¢ 0.26 £0.02 bc 0.17 £0.02 b  0.73 £0.08 cd
Pb +Zn 0.52+0.02b 0.19+0.02 ¢ 0.12+0.03 be 0.71 £0.09d 0.72+0.07b 0.29+0.20b 0.02+0.01d 1.01 £0.08 b
Cu 0.96+0.01l a 0.83+0.02a 0.08+1.03cd 1.79+0.13 a 0.38+0.04 ¢ 0.21 +0.04c 0.14+0.02b 0.59+0.09 d
Cd 0.36 £0.03 ¢ 0.18+0.01 ¢ 0.1220.02 be 0.54 £0.05¢ 0.16+0.05d 0.09+0.04d 0.08+0.02c¢ 0.25+0.05¢
Cu +Cd 0.57+0.02b 0.29+0.02b 0.1220.06 bc 0.86 £0.06 ¢ 0.45+0.05 ¢ 0.45+0.02a 0.090+0.03 ¢ 0.90 £0.06 bc

T : [RIFIAIR/NG FhEFRR 2 53 .3 (P <0.05)

Note ; Different small letters in the same column indicate significant difference( P <0.05)
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