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Seed Germination of Five Turf Grasses under Cadmium Stress
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Abstract :In this article, tests were conducted on the seed germination of five kinds of turf grass under
Cadmium stress. Comparisons were made on the changes of germination rate, germination index and toxic-
ity rate of Trifolium repens ,Medicago sativa ,Cynodon dactylon ,Zoysia japonica and Zoysia matrella under
different concentrations of Cd® + treatments. The results showed that higher Cd* + concentration de-
creased the seeds germination rate, and increased the toxicity rate. The germination index showed a de-
creasing tendency to all grasses on the whole. The tolerance to Cd” + successively diminished for Zoysia
mairella , Zoysia japonica , Trifolium repens ,Medicago sativa ,and Cynodon dactylon. The low concentration
of Cadmium treatment promoted the germination of Zoysia matrella. The study provided reference for the
seed selection of turf grass in reducing Cd® + pollution, and also laid a foundation in the study of the de-
fense mechanism for turf grass under heavy metal stress.
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H =M ( Trifolium repens L. ) . 5 F HR ( Cynodon
dactylon L. ) A6 E 15 (Medicago sativa L. ) . H AR %
ZEEL ( Zoysia japonica Steud. ) . 5 J@ i ( Zoysia ma-
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Tab. 1 The thousand-grain weight of 5 turf grasses

HM O RCAAR BAEEAE B ARGZE Hedn

FyyERE  0.700 0.159 2.104 3.947 2735

Frife2z  0.021 0.008 0.071 0.129  0.112

BREM 2.99%  4.98%  3.39% 3.26%  4.09%
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98.67 £2.31 99.33 £1.15 99.33 £1.15 99.33 +1.15 100 +0 ﬁi,iﬁ?@%ﬁ%ﬁ%%%ﬁﬂfﬁ“@ﬁﬁ'@%ﬁ%?{K};{zﬁ*ﬁ
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Tab. 3 Effect of heavy Cd** treatment on seed germination rates of Zoysia matrella
A2 H3K LIRS ERES EXES H1R 13K 515 K %17 K
ck 38.3+ 4.72d 81.3+ 7.23d 87.67 + 1.53d 89.67 + 3.21d 97.3+ 1.53d 98.67 + 2.3le 98.67 + 2.3le  98.67 + 2.31e
1 mg-kg™' 34 + 6.24cd 71 £ 2.65¢  82.67 + 8.39cd 89.67 +2.08d 96 +5.19d 98.67 +0.58¢ 98.67 +0.58e 98.67 +0.58e
50 mg-kg ™' 28 +5be 72 £3.6¢ 79 £7.94cd  84.3 +4.51cd 85 +3.6lc 85.3+3.5lcd 85.3 +3.5lcd 85.3 +3.51cd
100 mg-kg™'  23.7+3.2lab 73.3 +3.79cd 76 +7¢ 86 +2d 86.3+2.08c  86.3+2.08d 86.3 +2.08d 86.3 +2.08d
150 mg'kg_l 18 +3.6a 72.67 £3.06c  72.67 £3.06¢ 78 £5.57¢ 79.67 £3.51lc  79.67 £3.51c  79.67 £3.51c¢ 79.67 +3.51¢
300 mg-kg™'  20.7 +4.6lab 47.3+6.35b  47.3+6.35b  54.3+6.35b 55.67 +4.04b 55.67 +4.04b 55.67 +4.04b 55.67 +4.04b
500 mg-kg ™' 15.7+1.15a 26 +4.36a 26 +4.36a 32.3+4.73a 33.67 +5.86a 34 +5.29a 34 +£5.29a 34 £5.29a
P > F, 0. 000 s * * 0.000 s * * 0. 000 s * * 0. 000 s * * 0. 000 s * * 0. 000 s s * 0. 000 s s * 0. 000 s * *

[Fi) 271) H AN ) 2 B 36 7R AN [) b B ] ] — 4R 7E P < 0.05 (Duncan’s multiple range test X585 20H B 2535 ) /K Y & 2555 . Values followed by the same

letter in the same column are not significantly different at the P < 0. 05 level according to Duncan’s multiple range test. ns, no significant; *, 0.0l < P < 0.

05; # #,0.001 < P<0.0l; %%, P <0.00l,

Tz 4 T LLE H, SEIR A Kk 2 RN 5 X IR
20, 33 U I A 2 ) ) 2 AR 3R B A TG B I A FH s
HIFERT . BTN 1 mg-kg ™"k B Ak 3 A Xof 40
TG 25 5,50 mg-kg ™' J 50 mg-kg ™' DL MY
B TACBRRI I S X IR TR 2R R E T

VREE 500 mg-keg "I, M0 FARILF A H A, B E
BBIEBCH R . WAFHARTE s TR, &
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Tab. 4 Effect of heavy Cd** treatment on seed germination rates of Cynodon dactylon
AL R 5K TR FIR EIPN 13K ERPN EUPS 19K #21 K F23 K
ck 13.3 £2.31c 29.3 £3.05¢ 47.3 +2.52e¢ 70.3 +1.53f 84.67 £1.15f 94.67 +2.51f 97.67 +4.04e 99.3 +1.15f 99.3 +1.15f 99.3 =1.15f
1 mg -kg™" 14.3£3.79c 28.67 £5.51c 44.3 £5.13e 60 +8.54e 66 £6.08e 74.67 +3.2le 95 +3e 95.3 £2.52f 99.3 £2.52f 99.3 +2.52f
50 mg-kg™' 4.67£1.53b 11 £2.65b 22.3+4.04d 33.3£6.5d 37 +6.08d 43 +7.93d 53 £8.6d 57 £6.56e  60.3 £2.3le 60.3 £2.31e

100 mg-kg ™' 2.33 £0.58ab 7.67 £2.51b 15.3 £3.06c 25.67 £3.21d30.67 £3.06cd 40.3 +5.5d 45.67 +2.51d 48.67 £5.03d 48.67 £5.03d 48.67 £5.03d

150 mg-kg’1 0 1.67 +1.53a 8+1b 17.3 £0.58¢ 27.3 +1.15¢ 31 +2.64c 36.3 +2.89¢ 38 +4.58¢ 38 +4.58¢ 38 +4.58¢

300 mg-kg ' 0 0 3.3+3.5lab 8.67 £3.78b 15.67 £3.79b 22.7 +5.78b 23.3 +4.61b 23.3 +4.62b 23.3 +4.62b 23.3 +4.62b

500 mg-kg ™" 0 0 0 0.68 +1.10a 2 +2a 2.67 £2.3a 3+2.64a 3 +2.64a 3 +2.64a 3 +2.64a
P > Fe 0.000 = s 0. 000 s 3 s 0. 000 s s 0.000 = = 0. 000 s 5 0.000 5 s 0. 000 s = 0. 000 s s 0.000 = s 0. 000 s s

[ 3] A ] 7 B e 78 AN [ AL BR ) [7] — MR 7E P < 0. 05 (Duncan’s multiple range test X3 #5222 4:) /KF FAY %24 5, Values followed by the same letter in the

same column are not significantly different at the P < 0. 05 level according to Duncan’s multiple range test. ns, no significant; * ,0.01 < P < 0.05; * *,0.001 < P

<0.01; % % %, P <0.00l.
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Tab. 5 Effect of heavy Cd** treatment on seed germination rates of Medicago sativa
FRasb #3R $5K ENPN EEPN ERIPN 13K 15K $17TR
ck 27.3 +1.52d 63 + 1bc 74.3 £3.21c  83.67 +1.15d 96.3 £1.53¢ 99.3 +1.15e 99.3 +1.15e 99.3 +1.15e
1 mg~kg" 24.3 £2.89%¢d 57 +4.58b 64.3 £1.53b 64.3£1.53b 97.67 £1.53e 97.67 £1.53e 97.67 £1.53e 97.67 £1.53e
50 mg'kg’I 19 £1.73ab 63.3 4. 16bc 72 £2.64c 72 £2.64c 83.3 +2.52d 83.3 +£2.52d 83.3 +£2.52d 83.3 £2.52d
100 mg~kg’1 20.67 £3.21be  67.3 £1.53¢  71.67 £4.04c  71.67 £4.04c 74.67 £1.53¢  74.67 £1.53¢ 74.67 £1.53¢ 74.67 £1.53¢
150 mg'kg’l 15 £2.65a 61 +6bc 64 +4b 64 +4b 64.3 £3.51b 64.3 £3.51b 64.3 £3.51b 64.3 +3.51b
300 mg-kg’1 17.67 £1.53ab 37.67 £4.16a 48.67 £2.51a 48.67 £2.51a 53.67 £3.21a 54.3+£2.08a 54.3 £2.08a 54.3 £2.08a
500 mg-kg'l 15.67 +2.31a 36.3+8.5 47.67 £5.5la 47.67 £5.5la 51.67 £8.96a 51.67 £8.96a 51.67 £8.96a 51.67 +8.96a
P > Fe 0. 000 = * = 0. 000 s s * 0. 000 s % 0. 000 s % % 0. 000 s = % 0. 000 s = % 0. 000 s = % 0. 000 s * s

[) 51 W A ] b e A AS Rl Ak B ] o] — PR 7E P < 0.05 (Duncan’s multiple range test XS5 2B &k 259 ) /K- 1Y B #225% . Values followed by the same

letter in the same column are not significantly different at the P < 0.05 level according to Duncan’s multiple range test. ns, no significant; * , 0.01 <P<0.05;

% %, 0.001 <P <0.01; # # * , P<0.00l.
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Tab. 6 Effect of heavy Cd’* treatment on seed germination rates of Zoysia japonica
AL EIEPS ERPS E PN ERPS ERIPS EREPS ERRPS
ck 37.33 1. 15¢ 61.33 +4.93¢ 84 +12.17¢ 97 £2.65e 99 +1d 99.33 +1.15d 99.33 +1.15d
1 mg-kg" 38.33 +2.52¢ 67.67 +11.59¢ 79 £16.37¢ 89.33 £7.57de 98 +0d 98.67 +1.15d 98.67 +1.15d
50 mg-kg ™' 37 £2¢ 60.67 +2.52¢ 75.67 +2.52¢ 85.67 £5.86¢cd 97 +1d 99 +0d 99 +0d
100 mg-kg ™' 36.67 1. 15¢ 67.67 £11.72¢ 81.33 £13.65¢ 90.67 +6.43de 96.67 +1.15d 98 +2d 98 +2d
150 mg-kg ™' 37.67 +1.53¢ 58 +3¢ 68 +2bc 77.33 £3.06¢ 89.67 +£2.89¢ 89.67 +£2.89¢ 89.67 +£2.89%¢
300 mg-kg ™' 18.67 +3.06b 37.67 £2.52b 55.67 +4.93b 63.33 +6.11b 68 +5.29b 68 +5.29b 68 +5.29b
500 mg-kg ™' 6.33 +1.53a 13.33 +1.53a 17 £2.65a 20 £2.65a 29.67 +4.04a 29.67 +4.04a 29.67 +4.04a
P > Fc 0. 000 s 5 0. 000 s 5 0. 000 s s * 0. 000 s s * 0. 000 s * 0. 000 s s * 0. 000 s * *

[] 471 H AN [ B 6 7R A [E) A B ] [R] — PR 7E P < 0.05 (Duncan’s multiple range test X585 208 & 2215 ) /K Y2255 . Values followed by the same

letter in the same column are not significantly different at the P < 0. 05 level according to Duncan’s multiple range test. ns, no significant; *, 0.01 < P <

0.05; % %,0.001 <P <0.0l; %% %, P<0.00l
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Tab. 7 Effect of heavy Cd** treatment on seed germination rates of Zoysia matrella
bR EIRES EIRES TR EIREN ELES EFEES EHSES ERYPS
ck 38.33 +1.53cd 61 +4.36b 84.33 +11.84c¢ 97 £2.65d 99.67 +0.58d 100 +0d 100 +0d 100 £0d
1 mg-kg’I 38.67 +£3.05¢d  70.33 £9.5b 83.33 £11.37c¢ 89 +8.18cd 98 +1d 99.67 +0.58d  99.67 +0.58d 99.67 +0.58d
50 mg-kgfl 38.33 £1.15cd 60.67 £4.04b 77 +1c 89 +1led 95.67 +2.31d 98 +1d 98 +1d 98 +1d
100 mg-kg4 39.67 £0.58d 67 £11.36b  81.33 +13.57¢ 91 £5.57d 97.33 £0.58d 98 +1.73d 98 +1.73d 98 +1.73d
150 mg-kg ™' 35 £3.46¢ 63.67 +4.16b 68 +0c 81.3 +6.11c 86 +6.08¢ 91.67 +1.15¢ 91.67 1. 15¢ 91.67 +1.15¢
300 mg-kg'l 17 £2.65b 27 £2.65a 48.33 £9.07b 64.67 +4.16b 70 £9. 16b 76.67 +£6.80b 76.67 +6.80b 76.67 £6.80b
500 mg-kg ™' 7.67 £2.52a 17 £4.36a 30.67 £5.03a 34.33 £3.2la 43 +3.60a 43.67 £2.52a 43.67 £2.52a 43.67 £2.52a
P > Fc 0.000 = * * 0. 000 = # = 0.000 s * * 0.000 s * * 0. 000 s * * 0. 000 s = * 0. 000 s = * 0.000 s * *

) 3] v AN ] 7B 26 7R AN [R] Ak 3 ][] —MEIRAE P < 0.05 (Duncan’s multiple range test X3 2B W 2216 /K FI &2 F . Values followed by the same

letter in the same column are not significantly different at the P <0. 05 level according to Duncan’s multiple range test. ns, no significant; * , 0.0l < P < 0.05;

% %, 0.001 < P<0.01; * # %, P<0.001.
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TR B TR E R 50 mg - kg, TT AR HY PR 3K
P2e 5

MNIEN 2 RTLAFR e, AN [ e R 8 B Ak BT e 8
R ZFHE AR T X R, 2 WA ] e 32 ) 5
XA AR R B MR S Ty 1
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P, i L T B R, BRI R
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mg-kg I, R R BCSG X IRLEL T BA B A
IF HAR B R BEROKR , 25 Sl i 2

M S FTLE L, TR hf TRRTE 1 mg - kg™
B TR A B I % 253 RO v T BR AL A, eI
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Fig. 1 The effects of Cd*" treatment on the germination in-

dex of Zoysia maitrella seed
AR FEREF R AR AL B E] 7E P <0.05 ( Duncan’s multiple range
test AP F M 22 1) KO Y R 22 5. Values followed by
the same letter in the same column are not significantly different at the

P <0. 05 level according to Duncan’s multiple range test.
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Fig. 2 The effects of Cd® + treatment on the germination

index of Cynodon dactylon seed 7[Rl £ R AN F 4k
JR]7E P <0. 05 ( Duncan’s multiple range test X515 21 52 th 22 55)
K E 25, Values followed by the same letter in the same
column are not significantly different at the P <0. 05 level according

to Duncan’s multiple range test.
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Fig. 3 The effects of Cd** treatment on the germina-
tion index of Medicago sativa seed
AR 7R R AR AL BRE] 7E P < 0.05 ( Duncan’s multiple range
test XS BB R 2Z 1) K ) B3 £ 5, Values followed by
the same letter in the same column are not significantly different at the

P <0.05 level according to Duncan’s multiple range test.
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Fig. 4 The effects of Cd** treatment on the germina-
tion index of Zoysia japonica seed
ARIFR R R A F AL FEA] 7E P < 0.05 ( Duncan’s multiple range
test XBFHE M 2535 ) KV L i3 25 7. Values followed by
the same letter in the same column are not significantly different at the

P <0. 05 level according to Duncan’s multiple range test.
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Fig. 5 The effects of Cd** treatment on the germina-

tion index of Zoysia matrella seed
AR FEFR R AR AL B E]7E P <0.05 ( Duncan’s multiple range
test X3 HHE M 25 3%) K L) 3 2% 5o Values followed by
the same letter in the same column are not significantly different at the

P <0.05 level according to Duncan’s multiple range test.

25 REFIEXN AMETEMEE RN

ME 6 "] LA, 7R B Uk BRI, Jo i i
BEE VR, BEA B U AN O, 50 B - X B )
BERAWE R, WU BFE B, 10T R AL 4
B FVREEANIET , 3 AR K, SR A AR X 4 2
FHpaditEF N 1 mg-kg ™ #] 300 mg-kg ™ 4
B IR BEAL IR, A =M R R T H ARG 26,
B4 500 mg- kg ' HA B TAC BRI, H A SE 2%
FRTA =M, X AT RE UL B = M AEAR VR B B ek
Ao, R R R, R EE 1 mg-kg ' #
300 mg-kg " Aif, B FEHRANE =AY, 4 500 mg -
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Fig. 6 The toxicity rate of different turf grasses seeds trea-

ted with different concentration of Cd**
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