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Response of germination and growth of nine Festuca arundinacea
Schreb varieties to zinc stress
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Abstract The effect of different Zn*" concentrations (0, 75 mg - L™ and 150 mg - L™*) on seed germination potential, germination
rate as well as seedling root length, shoot height, fresh weight, chlorophyll content, malondialdehyde (MDA) content and cell mem-
brane permeability of nine varieties of F. arundinacea were studied via a solution culture experiment. With increasing Zn** concen-
tration, germination potential of “Arid 3” and fresh weight of “Fire phoenix” initially increase followed by a decrease. Those of the
other varieties steadily decrease with increasing Zn?* concentration. Germination rate of “Red elephant”, “Coronado gold”, “Acend-
ing star”, “Fire phoenix” and “Arid 3” increases initially before decreasing, whereas that of the other four varieties steadily declines.
Root length, shoot height and chlorophyll content of the nine varieties decline, while MDA content and cell membrane permeability
rise. Synthetic analysis of eight parameters via Delphi method indicates that at 75 mg - L™ Zn?* stress, the order of zinc tolerance of
the nine varieties is “Fire phoenix” > “Red elephant” > “Bingo” and “Plantation” > “Acending star” and “Wrangler Il ” > “Magellan”
> “Coronado gold” > “Arid 3”. Under 150 mg - L™ Zn?" stress, zinc tolerance order is “Fire phoenix” and “Wrangler I[ ” > “Bingo” >
“Coronado gold” > “Arid 3” > “Acending star” > “Red elephant” > “Magellan” > “Plantation”. The varieties of F. arundinacea
should therefore be reasonably selected in environmental management of Zn?* pollution based on pollution degree.
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Tab. 1 Effect of Zn®" stress on seed germination potential and germination rate of F. arundinacea varieties %

zn%* Zn®* concentration (mg - L)
0 75 150
Variety
Germination potential Germination rate  Germination potential Germination rate Germination potential Germination rate

Red elephant 76.8d 82.3e 74.0c 85.8¢ 62.5e 72.8d

Coronado gold 74.8d 87.8cd 72.3c 88.0c 61.5e 84.8c

Acending star 88.8b 93.3b 88.7b 95.3a 84.5b 95.0a
Fire phoenix 74.8d 85.0de 73.3c 87.2c 69.5¢ 85.7bc

Bingo 95.8a 97.7a 91.8ab 96.8a 91.5a 96.2a
Magellan 76.2d 89.8bc 73.7c 88.5¢ 67.8cd 86.0bc

2 Wrangler 95.5a 98.3a 94.2a 97.3a 91.2a 96.8a

3  Arid3 74.0d 91.3bc 75.2¢ 92.0b 71.8¢ 88.5b
Plantation 82.2c 88.5cd 73.8¢c 86.8c 65.3de 86.7bc

(P <0.05), Different small letters in the same column indicate significant difference at P < 0. 05. The
same below.

K2 Zn"BHEXM INEEFRMYERK. BEMEEHNT
Tab. 2 Effect of Zn?" stress on seedling root length, shoot height and fresh weight of F. arundinacea varieties

Zn* Zn?* concentration (mg - L)
75 150
(cm) (cm) (mg - 10plant™) (cm) (cm) (mg - 10plant™) (cm) (cm) (mg - 10plant™)
Red elephant 3.68b  7.32fg 305.3bc 3.35a 6.82c 242.4de 0.89¢c 5.72abc 188.0bc
Coronado gold  3.68b  7.20g 347.6a 1.95cd 6.22d 230.6e 1.21a 5.22cd 207.3ab
Acending star 5.15a  8.36de 267.5de 1.45e 7.00bc 256.6¢d 0.90c 6.19ab 141.7e
Fire phoenix 3.72b  8.69cd 250.7e 3.09a 7.02bc 267.2bc 1.03abc  5.61bc 219.6a
Bingo 3.63b  9.49 293.8c 2.77b 7.54ab 277.2b 0.93bc 6.04ab 206.7ab
Magellan 3.66b  7.68f 282.0cd 2.11c 6.51cd 187.2f 0.89¢c 4.70d 159.7de
2 Wrangler 3.12c  8.81bc 246.8e 1.72d 7.91a 204.8f 1.10ab 6.29a 174.8cd
3 Arid3 3.61b  8.30e 301.9bc 1.74d 6.54cd 198.4f 0.69d 5.70abc 189.4bc
Plantation 3.61b  9.08b 322.8b 2.20c 6.87c 312.4a 0.85cd 5.79abc 182.7¢c
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) Tab. 3  Effect of Zn*" stress on seedling chlorophyll content

of F. arundinacea varieties mg-g"(FW)

1 2 3 456 7 89

zZn** Zn?* concentration (mg - L ™)
( ) Variety 0 75 150
1234561738 Red elephant 1.37d 1.22ab 0.79de
9( 6); @ (1) ' Coronado gold 1.65bc 1.03bc 0.91cd
( 7) 7 , 15 mg - L_l Zn2+ 9 Acending star 1.92a 0.96¢ 0.72e
“ 7T 7z Fire phoenix 1.54¢ 1.09bc 0.48f
e 2% cc 3 cc »3cc 9 v «x Bingo 1.70b 1.45a 1.43a
77 e 77 e 3 ~%150mg-L"zn* Magellan 1.63bc 1.34a 1.22b
<< > ce 2 i 2 Wrangler 1.91a 0.87c 0.75de
cc ?3  «c »3 <« 3 77 «<cc > 3 Arid3 1.76b 1.03bc 1.00c
cc 23  «cc »3  cc >3 Plantation 1.64bc 1.41a 1.31ab
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Tab. 4 Effect of Zn?* stress on seedling MDA content and cell membrane permeability of F. arundinacea varieties

zn* Zn*" concentration (mg - L™)
0 75 150
Variety MDA content Cell membrane MDA content Cell membrane MDA content Cell membrane
[nmol - g }(FW)]  permeability (%)  [nmol - g~*(FW)] pern}eo/ao;ullty [nmol - g7{(FW)] pern}eo/ao;ullty
Red elephant 5.190e 20.73d 6.718g 63.95ab 6.941e 79.74a
Coronado gold 7.106bc 21.15d 8.080ef 67.53a 9.256d 75.08ab
Acending star 6.766¢cd 14.80e 7.578fg 49.68cd 8.826d 60.76¢
Fire phoenix 8.573a 33.72a 9.004cd 57.82b 10.704c 74.16ab
Bingo 6.318d 30.03ab 9.696¢ 36.78e 11.133bc 53.42d
Magellan 7.533b 26.42bc 8.768de 59.17b 12.245b 72.34b
2 Wrangler 7.201bc 30.80ab 10.816b 43.62d 15.328a 44.85e
3  Arid3 7.344bc 24.90cd 12.063a 51.14c 14.417a 70.93b
Plantation 7.738b 24.89cd 7.944ef 43.26d 10.533c 70.95b

K5 Zn""BHET INSEFSMMFLFMAEER. £EEY 8 MEREN T BAEBKE

Tab. 5 Increment rate relative to CK of eight indexes of seed germination and seedling growth and physiology of

F. arundinacea varieties under Zn*" stress %
zZn% Zn®* concentration (mg - L)

. 75 150 75 150 75 150 75 150

Variety — - — -

Germination potential Germination rate Root length Shoot height
Red elephant -3.65 -18.62 4.25 -11.54 -8.97 —-75.82 —-6.83 —21.86
Coronado gold -3.34 -17.78 0.23 -3.42 —47.01 —67.12 -13.61 —27.50
Acending star -0.11 —4.84 2.14 1.82 -71.84 -82.52 -16.27 —25.96
Fire phoenix -2.01 -7.09 2.59 0.82 -16.94 -72.31 -19.22 —-35.44
Bingo -4.18 —4.49 -0.92 -1.54 -23.69 -74.38 —-20.55 -36.35
Magellan -3.28 -11.02 -1.45 —4.23 —42.35 —75.68 -15.23 —-38.80
2 Wrangler -1.36 -4.50 -1.53 -1.02 —44.87 —64.74 -10.22 —28.60
3 Arid3 1.62 -2.97 0.77 -3.07 -51.80 -80.89 -21.20 -31.33
Plantation -10.22 —20.56 -1.92 —-2.03 —-39.06 —76.45 -24.34 -36.23
Fresh weight Chlorophyll content MDA content Cell membrane permeability

Red elephant —20.60 -38.42 -10.87 —42.22 29.44 33.74 208.49 284.66
Coronado gold —33.66 —40.36 —44.43 -37.63 13.71 30.26 219.29 254.99
Acending star -4.07 —47.03 -50.12 —62.50 12.00 30.45 235.68 310.54
Fire phoenix 6.58 -12.41 -29.02 -68.54 5.03 24.86 71.47 119.93
Bingo -5.65 —29.65 -16.03 -15.12 53.47 76.21 22.48 77.89
Magellan -33.62 —43.37 -17.93 —25.46 16.39 62.55 123.96 173.81
2 Wrangler -17.02 -29.17 -60.94 -54.67 50.20 112.86 41.62 45.62
3 Arid3 —34.28 —-37.26 -41.32 —42.97 64.26 96.31 105.38 184.86

Plantation -3.22 -43.40 -13.84 -20.39 2.66 36.12 73.80 185.05
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Tab. 6 Order of increment rate relative to CK of eight indexes of seed germination and seedling growth and physiology
of F. arundinacea varieties under Zn?* stress

zn® Zn?* concentration (mg - L)
. 75 150 75 150 75 150 75 150
Variety — - — -
Germination potential Germination rate Root length Shoot height
Red elephant 7 8 1 9 1 6 1 1
Coronado gold 6 7 5 7 7 2 3 3
Acending star 2 4 3 1 9 9 5 2
Fire phoenix 4 5 2 2 2 3 6 6
Bingo 8 2 6 4 3 4 7 8
Magellan 5 6 7 8 5 5 4 9
2 Wrangler 3 3 8 3 6 1 2 4
3 Arid3 1 1 4 6 8 8 8 5
Plantation 9 9 9 5 4 7 9 7
Fresh weight Chlorophyll content MDA content Cell membrane permeability
Red elephant 6 5 1 5 6 4 7 8
Coronado gold 8 6 7 4 4 2 8 7
Acending star 3 9 8 8 3 3 9 9
Fire phoenix 1 1 5 9 2 1 3 3
Bingo 4 3 3 1 8 7 1 2
Magellan 7 7 4 3 5 6 6 4
2 Wrangler 5 2 9 7 7 9 2 1
3 Arid3 9 4 6 6 9 8 5 5
Plantation 2 8 2 2 1 5 4 6
RT INEEF RMAEEIERD Delphi SEHIFER , Zn* , Zn*
Tab. 7 Sequence of Zn resistance of F. arundinacea varieties 7n2*
by Delphi method ’ !
zZn*
Sequence of value Order of Zn resis-
sum of all indexes tance
Variety zZn?* Zn*" concentration (mg - L™) ,
2
75 150 75 150 [22] , Zn? 9
Red elephant 30 46 2 6 ( (23] Zn
Coronado gold 48 38 6 3 ),
Acending star 42 45 4 5
Fire phoenix 25 30 1 1
Bingo 40 31 3 2
Magellan 43 48 5 7
2 Wrangler 42 30 4 1 ) ! )
+ +
3 Arid3 50 43 7 4 Zn Zn
Plantation 40 49 3 8 '
[16] Zn?*
3 itig [24]
Mgz+ Zn2+ [25]
Zn*
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