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F. H. Hsu! and Chang-Hung Chou?

' Department of Forage Crops, Taiwan Livestock Research Institute, Hsinhua, Republic of China
2 Institute of Botany, Academia Sinica, Taipei, Taiwan 115, Republic of China

(Received April 13, 1992; Accepted June 19, 1992)

Abstract. Miscanthus species is a native grass that occurs widely in Taiwan. This experiment was

designed to determine the inhibitory effects of heavy metals on seed germination and seedling growth
of eight populations Miscanthus spp.; M. floridulus seeds collected from random locations beside the
highways in Taiwan, and from mountainous areas (1600-2600 m) were used. The seeds were germinated
in petri dishes, moistened with different heavy metal ions in aqueous solutions, i.e., Pb**, Hg**, Cu**
and Cd** at concentrations of 200, 400, 600, 800 and 1000 ppm. Seed germination percentages and the
rate of germination of each species decreased with increased concentrations of heavy metal solutions;
the time required to reach 509% of final germination was delayed from 3.8 days in distilled water to 7.0
days in some heavy metal solutions at 1000 ppm. The germination capacity of seeds followed a decreas-
ing order of inhibition: Cd>Cu> Hg> Pb. The inhibitory degree of seed germination after immersing in
heavy metal solution at 1000 ppm was as follows: Hg>Cd>Cu>Pb. Potassium ions leached from the
seeds after immersing in mercury solutions was the highest. Inhibition of heavy metals to seedling
growth of Miscanthus species was as follows: Cd>Cu>Hg>Pb with M. transmorrisonensis to be the
most tolerant to heavy metals among the species tested. The germination and development of Miscanth-
us spp. that are tolerant to heavy metals concentrations indicate that these species may be suitable for

planting along the roadsides in Taiwan.
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Introduction

Miscanthus flovidulus, a native grass, is widely dis-
tributed in Taiwan from lower land areas up to moun-
tainous areas at 2600 m above sea level. M. floridulus is
also a unique species grown in Southeast Asia. In Tai-
wan, Miscanthus commonly blooms between Septem-
ber and November, although some of them flower dur-
ing late spring and early summer. The matured seeds
are easily dispersed by wind and grow vigorously in the
soil. Hsu (1985) reported that germination percentages
of the unchilled seeds of Miscanthus were above 86%
when they were germinated in an incubator at tempera-
tures between 10 and 35°C. Chilling did not improve

seed germination; however, it did enhance the rate of
germination, and concluded that the lowest tempera-
ture tolerated for germination of unchilled seeds was
8.3°C. It showed that seeds harvested from different
locations had the same germination percentages when
they were incubated at 15, 25 and 35°C with the range of
tolerance to water potential being between blue stem
(Andropogon spp.) and sorghum (Sorghum bicolor)
(Hsu, 1986, 1988).

In 1989, Hsu showed that seed germination of M.
floridulus was inhibited by infrared, ultra violet and
blue light, and concluded that the germination of
Micanthus seeds was of the short-day type which
required only 5 min light exposure to enhance germina-
tion ability. Hsu (1990) reported that percentage and
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rate of germination of Miscanthus were reduced when
concentrations of NaCl solution were increased, sug-
gesting that seeds harvested from lower land areas
were salt-tolerant. The maximum concentration of
salt tolerance to seed germination for M. floridulus was
23,775 ppm, while that for M. transmorrisonensis was
18,865 ppm. Chou et al. (1987) reported that M. flor-
idulus plants which grew in industrial areas and road-
sides had a high Pb content. Seed germination behavior
that have been contaminated with heavy metal in soils
has not been fully understood; consequently this study
was made to determine inhibitory effects of heavy
metals on seed germination and seedling growth of
Miscanthus species.

Materials and Methods

Materials

Seeds of 7 entries of M. floridulus were harvested
from plants grown on the roadside of highway (Tongh-
siao, Sanyi and Kenting), at locations far-off highway
(Taitung and Hsinchu), in mountainous areas at Hoshe
(1600 m in elevation), Shenmulintao (at 2000 m), and M.
transmorrisonensis harvested at mountainous areas (at
2600 m). The seeds were sun-dried, stored at 4°C, and
were taken out from caryopsises prior to determining
the tests. Heavy metal ions (PbCl,, HgCl,, CuSO,+5H,0
and CdSO, - 8H,0) were made up in aqueous solutions
at 0, 200, 400, 600, 800 and 1000 ppm, for germination
tests. Benalate, methyl-1-(butylcarbamoyl)-2-ben-
zimidazole carbamate (0.19%), was added to the distilled
water and the solutions to prevent bacterial growth.

Bioassay

Germination test was conducted according to the
Association of Official Seed Analysts (1981). Twenty
seeds for each petri dish were spread uniformly on the
paper, and a completely randomized design (CRD) was
used with 5 replications. Petri dishes were set in an
incubator with constant temperature at 25°C, and light
and dark periods were controlled for 12 hours each.

Germination Rate Indes (GRI) and Time to Reach 50%,
of Final Germination (Gt,)

Germination was recorded when the radicle rea-
ched 2 mm. The seeds were counted and removed twice
per day during the first week, once per day during the
second week, and once every two day period until the
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end of the test period. The test was terminated when
there was no further germination after three consecu-
tive days. The final germination percentage and rate of
germination were determined. Both germination rate
index (GRI) and time to reach 50% of final germination
(Gtso) were used to evaluate rate of germination. The
GRI was obtained by summarizing germination per-
centage at each counting divided by the days after plac-
ing seeds in the incubator (Maguire, 1962). The Gts,
was estimated according to Hsu et al. (1984). The maxi-
mum tolerance of the concetration of seed germination
to heavy metal solution was evaluated by the regres-
sion line between GRI and metal concentration. The
germination percentage was arcsin-transformed prior
to statistical analysis (Snedecor and Cochran, 1980).

Effects of Heavy Metals on Leaching of Potassium

One hundred seeds of each entry were weighted,
and imbibed in distilled water and in heavy metal solu-
tions at 1000 ppm at 30°C for 6 hours, respectively.
Seeds were removed and washed with 500 ml distilled
water and dried at room temperature for 1 hour. The
dried seeds were placed in the test tubes containing 5
ml distilled water at 30°C for 18 hours. The content of
leached potassium ion was determined by an atomic
absorption spectrometer (Perkin-Elmer 300). The data
were expressed as seed number and weight. The seeds
were then taken for germination tests as mentioned
above, which included an experimental design (CRD)
with three replications.

Effects of Heavy Metals on Seedling Growth of Mis-
canthus

The eight Miscanthus entries were placed in petri
dishes moistened with concentrations of heavy metal
solutions at 0, 10, 100 and 200 ppm, to germinate and
grow for 7 days, respectively, using an experimental
design of CRD with four replications. Twenty seedlings
were used per treatment, and the lengths of plumule
and radicle were measured. The inhibition of seedling
growth was expressed according to the formula given
by Chou and Muller (1972):
% Inhibition= [(Length of control-Length of test)/

(Length of control)) X 1009

Results
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Comparison of Seed Germination of Miscanthus
Species as Affected by Heavy Metals

The percent seed germination of both M. floridulus
and M. transmorrisonensis were high (979%) when the
seeds were grown in the distilled water control; how-
ever, the germination percentage was reduced when the
seeds were grown in the heavy metal ion solutions
(Table 1). The seed germination was suppressed at con-
centration of 200 ppm for Pb, Hg, Cu and Cd which ex-
hibited the highest inhibition of M. floridulus (97%) and
of M. transmorrisonensis (929%). The inhibition of seed
germination increased with increasing concentration of
heavy metals, with the exception being Pb. Germina-
tion rate index (GRI) expressed by percentage germina-
tion per day, showed that the results of the bottom half
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of the Table 1, were well correlated to that of the upper
part of Table 1. In the control treatment the GRI of
Miscanthus floridulus ranged from 23.6 to 24.39%/day
while that of M. transmorrisonensis ranged from 15.1 to
16.9%/day, indicating that germination of M. floridulus
was significantly higher (Table 1, bottom part). For the
lead ion treatments, the GRI significantly decreased to
7.6%/day for M. floridulus and 4.6%/day for M. trans-
morvisonensis, whereas, for the mercury treatments,
the GRI drastically decreased to values as low as 1.1-
1.49% /day for both species. Furthermore, the GRI was
remarkably lower in the treatments with Cd (0.0 to
0.39%/day), which permits the conclusion to be drawn
that Cd was the most toxic to both of the species.

The effects of heavy metals in various concentra-

Table 1.  Comparison of effects of heavy metals in various concentrations on seed gevmination of Miscanthus floridulus
(Mf) and M. transmorrisonensis (Mt)
Concentration Pb Hg Cu Cd
ppm Mf Mt Mf Mt Mt Mt Mf Mt
Germination, %
0 97.6%* 97.0° 94.4° 98.0° 94.6° 98.0° 93.7% 96.0°
200 42.0° 46.0° 46.0° 51.0° 29.7° 39.0° 3.0° 8.0°
400 43.3° 51.0° 25.0° 36.0° 22.4° 34.0° 2.4° 4.0
600 43.1° 35.0° 12.1¢ 25.0° 17.4¢ 26.0° 3.4° 2.0°
800 42.7° 46.0° 10.3¢ 10.0¢ 14.9° 37.0° 4.3 1.0°
1000 41.0° 44 .0° 5.9° 13.0¢ 13.6¢ 28.0° 2.0° 0°
Germination rate index, %/day
0 24.3° 16.9° 23.6° 15.1% 24.0° 16.7° 23.6° 16.4*
200 8.2° 5.9° 9.2° 6.9° 5.1° 4.7° 0.6° 1.3°
400 8.3° 6.8° 4.6° 5.2 3.6° 4.6° 0.4° 0.5
600 8.3° 4.6° 2.1¢ 3.6° 2.6° 3.5° 0.6° 0.3
800 7.9° 5.4° 1.8° 1.4¢ 2.2¢ 4.3 0.8 0.1°
1000 7.6° 5.7° 1.1¢ 1.6° 2.0° 3.2° 0.3° 0°

*Means with the same letters within the same column and item are not significantly different at 5% level.

Table 2.  Comparison of effects of heavy metals in various concentrations on days to reach 50% of final germination (Gts,)
of Miscanthus floridulus (Mf) and M. transmorrisonensis (Mt)
Gtso, day
Pb Hg Cu Cd
Concentration
ppm Mf Mt Mf Mt Mf Mt Mf Mt
0 3.8 4.5 3.8 4.5 3.8 4.5 3.8 4.5
200 4.9 5.8 4.9 5.6 5.4 6.0 4.3 5.0
400 5.1 5.7 5.0 5.5 5.8 5.8 - -
600 5.0 5.8 5.3 5.5 6.4 5.5 - -
800 5.2 6.1 5.6 5.6 6.4 6.2 - -
1000 5.3 5.7 5.9 5.6 7.0 6.1 - -
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Table 3. Comparison of inhibitory effect of heavy metals at 200 ppm on the seed germination of M . Ffloridulus and M .
transmorrisonensis collected at various places in Taiwan . '

Data are expressed by % of distilled water control.

Place Elevation, m Pb Hg Cu Cd
Miscanthus floridulus
Hoshe 1600 40.2°* 49.6*° 57.7° 4.3°
Shenmulintao 2000 54.1% 48.6° 49 .4° 3.4
Hsinchu 100 48.4° 46.0° 28.0° 9.3°
Kenting 60 45.0° 54.3% 30.3° 0°
Sanyi 300 38.2% 47.3° 28.9° 3.0°
Tongshiao 20 43.0° 52.1° 23.6° 2.7°
Taitung 300 41.0° 51.5° 20.0° 0°
Miscathus transmorrisonensis
Tartarchia Anpu 2600 47.32 51.9° 39.8° 8.4°

*Means with the same letters within the same row are not significantly different at 5% level.,

Table 4. Maximum tolevable concentrations of different
heavy metals for the germination of Miscanthus
species

Heavy metal concentration, ppm

Location Pb Hg Cu Cd

Miscanthus flovidulus

Hoshe 1498 1023 1046 871

Shenmulintao 1580 914 1007 781

Hsinchu 1486 874 898 759

Kenting 1256 818 787 200

Sanyi 1251 815 863 760

Tongshiao 1432 809 878 781

Taitung 1343 826 829 747

M. transmorrisonensis

Tartarchia Anpu 1386 958 1119 760

tions on Gts, were compared for both species. The Gts,
for M. floridulus ranged from 3.8 days (at the control)

to 7.0 days (at 1000 ppm) but those for M. transmor-

risomensis ranged from 4.5 days (at the control) to 6.1
days (at 1000 ppm) (Table 2). Due to the higher toxicity
of Cd, the seed germination of both species was totally
inhibited at a concentration of 200 ppm or above. It was
concluded that Gts, of the both species germinated in
heavy metal solution was delayed as compared to the
distilled water control.

Comparison of Inhibitory Effects of Heavy Metal on
Seed Germination of Miscanthus Collected in Various
Places

Seeds of Miscanthus collected from Hoshe, Shen-
mulintao, Hsinchu, Kengting, Sanyi, Tonghsiao and
Taitung, where are in the eastern, central, and western
parts of Taiwan, were used for the bioassay of heavy
metals prepared at 200 ppm. Results of bioassay
showed that the seed germination percentage expres-
sed as % of the distilled water control of the both
species ranged from 20.0 to 57.7 for Pb, Hg, and Cu.
However, the germination capacity is extremely low
(<9%) in the Cd solution at 200 ppm or above. It fur-
ther confirmed that the Cd was the most toxic to seed
germination of each species (Table 3).

Tolevance of Seed Germination of Miscanthus Species
to Heavy Metals :

The maximum tolerable concentrations of heavy
metals for seed germination of Miscanthus species
were given in Table 4. It ranged from 1251 to 1580 ppm
for Pb, from 809 to 1023 ppm for Hg, from 787 to 1046
ppm for Cu, and from 200 to 871 ppm for Cd, respective-
ly. This showed that Cd was the most toxic to seed
germination and had the lowest tolerable concentration
among heavy metals.

Results of the germination capacity of Miscanthus
seeds after imbibing in different heavy metal solutions
at concentrations of 1000 ppm were shown in Table 5.
The percent germination in distilled water control ran-
ged from 819 to 97% for M. florvidulus, and was 43%
for M. transmorrisonensis, indicating that the seed ger-
mination of the latter species was poor. The germina-
tion capacities in term of germination percentage and
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Table 5.
1000 ppm
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Germination capacity of Miscanthus seeds after imbibing in different heavy metal solutions at concentration of

Germination, %

GRI, %/day Gtso, day

Dist. Dist.
H, 0 Pb Hg Cu Cd H,0

Dist.
Pb Hg Cu Cd H, O Pb Hg Cu Cd

Miscanthus ﬂoridulus

Hoshe 978*  97*@  15° 2* 23 31°
Shenmulingtao 81° 85* 12° 82* 12 21°
Hsinchu 95% 96° 5°  96° 8>  36°
Kenting 95° 96* 3 9° 3¢ 37
Sanyi 88 89° 4° 89* 5P 322
Tongshiao 95° 98" 7 96 19°  36°
Taitung 81° 85° 1 82° 7 290

28> 3° 26°  5° 2.8 3.1 56 3.1 4.8
220 2 220 2° 4.0 3.9 59 3.8 6.0
32> 2 34 2¢ 2.4 2.7 3.7 2.6 4.7
36°  I° KA A 2.3 2.5 53 2.5
300 1° 30°  1° 2.6 2.8 4.8 2.8
34 1¢ 32°  5° 2.5 2.7 5.0 2.8
29°  0° 27 1° 2.6 2.7 - 2.9

o W
¢

Miscanthus transmorrisonensis
Tartarchia Anpu  43° 582 3¢ 40 10° 7°

11* 0° g 1° 5.1 49 7.2 53 7.2

*Means with the same letters within the same row and item are not significantly different at 5% level.
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Fig. 1. Cumulative germination percentages of M. floridulus,
Hsinchu, after imbibing in different solutions of heavy
metals.

GRI were not affected by Pb, but were significantly
reduced by Hg, Cu and Cd (Table 5). The Gts, for both
species was delayed after imbibing in heavy metal solu-
tions. The Gts, for imbibing in distilled water was 2.7
days and those for Hg, Cd, Pb and Cu solutions were
5.1, 4.8, 2.9 and 2.9 days, respectively, which showed
that inhibition (imbibing) in Hg and Cd solutions was
higher than that in Pb and Cu solutions.

The cumulative curves of seed germination
revealed by Hoshe, Tonghsiao and Hsinchu in Pb, Cu,
Cd and Hg ions in solutions were different. The curves
revealed by Pb and Cu treatments were similar to those
as the distilled water treatment showing a high germi-
nation percentage; while the curves of Cd and Hg treat-
ments were contradictory (Fig. 1).

Effects of Heavy Metals on Inhibition of Seedling
Growth of Miscanthus

The inhibition of heavy metals on seedling growth
of Miscanthus species was increased when the concen-
trations of heavy metal solutions were increased (Fig.
2). The curves shown by treatments of 100 and 200 ppm
were similar. The seedling growth of M. floridulus was
inhibited at 11.3-24.8% by Pb ions at 10 ppm, while that
of M. transmorrisonensis was stimulated. The seedling
growth was inhibited above 709 by Cd ions at 10 ppm,
while the entries of Hsinchu and Taitung of M. flor-
idulus and M. transmorrisonensis, were completely
inhibited by Cd at 100 ppm. The percent inhibition of
seedling growth was between 66.1 and 85.4% for Cuion
at 10 ppm, while the values between 10.9 and 68.7%
were shown for Hg at 10 ppm. This resulted in the inhi-
bition of Hg being between that of Pb and Cu. The
degree of inhibition on seedling growth of Miscanthus
increased by heavy metals was as follows: Cd, Cu, Hg
and Pb. M. transmorrisonensis was the most tolerant to
heavy metals among the different entries.
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Table 6. The amount of potassium leached out from Miscanthus seeds after imbibing in different heavy metal solutions at
the concontration of 1000 ppm
Amount of potassium leached
ppm/seed ppm/gram seed
Distilled Distilled
H,O Pb Hg Cu Cd H.O Pb Hg Cu Cd

Miscanthus floridulus

Hoshe 0.10°* 0.12° 0.24* 0.12° 0.11° 234° 279° 543* 264° 248°

Shenmulingtao (.07¢ 0.19° 0.16° 0.17°° 0.09¢ 127¢ 350° 290° 307 152¢

Hsinchu 0.13¢ 0.18° 0.29° 0.06° 0.16° 298¢ 419° 691° 136¢ 375°

Kenting 0.10¢ 0.20° 0.35% 0.17° 0.15° 239¢ 446° 772% 379¢ 328°

Sanyi 0.09¢ 0.12° 0.22° 0.10° 0.09° 289° 346° 705° 317° 284°

Tongshiao 0.11¢ 0.16° 0.31% 0.13" 0.13% 308° 390° 883" 348° 362°

Taitung 0.11° 0.12° 0.19* 0.10° 0.11° 353° 294° 629° 337° 376°
Miscanthus transmorrisonensis

Tartrchia Anpu (.19 0.21° 0.27° 0.21° 0.17° 370 396° 517¢ 375 319°

*Means with the same letters within the same row and item are not significantly different at 5% level .
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Fig. 2. Inhibition percentages of seedling growth of M. flor-
idulus and M. transmorrisonensis emerged at different
concentrations of heavy metals.

Effects of Heavy Metals on the Potassium Leaching
Jrom Seeds During Imbibition
The amounts of potassium ion leached from Mis-

canthus seeds after imbibing in the distilled water and
1000 ppm of heavy metal solutions were compared and
the amounts that were leached (based on each seed and
on gram per seed) are shown in Table 6. The amount of
K* leached out was the highest in Hg solutions and the
lowest in distilled water control among treatments for
each species except for M. floridulus collected at
Shemulingtao.

Discussion

Crop growth is affected when the concentration of
heavy metal solutions was increased (Wang et al.,
1986). Some heavy metals were required for plant
growth (Foy et al, 1978), for example , copper at low
concentration was important and involved in certain
biochemical reactions required during plant growth
and development; however, it becomes toxic to plants
when the concentration was at higher levels (Mengel
and Kirby, 1982).

Cd was the most toxic to seed germination of Mis-
canthus among the four heavy metals tested. Dubey
and Dwivedi (1987) also reported that Cd showed more
inhibition than Cu**, Ni** and Zn** in germination and
seedling growth of soybean (Glycine maximum). How-
ever, it was found in this study that Hg was the most
inhibitive effect on germination of Miscanthus after the
seeds were imbibed. Pathak et al. (1987) showed that
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Hg and Mn inhibited germination and seedling growth
of barley (Hordeum wvuigare) when the concentrations
of heavy metals were increased; but Mn required a tox-
icity at high concentration. Mrozek (1980) indicated
that germination percentage and speed of germination
of Spartina alternifolra were reduced by both Hg and
Cd. Mrozek and Funicelli (1982) reported that germina-
tion capacity of this species was inhibited by Pb and
stimulated by Zn.

The results obtained showed that seeds of M. flor-
idulus harvested from the locations beside highway
were more tolerant to heavy metals in germination
than those from the locations of mountainous areas
and far-off highway. Among heavy metals, Cd and Hg
showed more toxicity to seed germination of Miscanth-
us than did Cu and Pb, while Cd and Cu were more
inhibitory to seedling growth of Miscanthus than the
other two metals. Miscanthus spp. could germinate and
grow at high concentration of heavy metals, concentra-
tion suggesting that it might be useful for a tolerant
plant in roadside pollution areas.
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