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Abstract

The ecotoxicological effects of Cd** on germination and early seedling growth of six pulses were inves-
tigated. Seeds of these plants were exposed to seven different concentrations of Cd (0, 0.1, 0.2, 0.4, 0.8, 1.6,
and 3.2 mM). The results indicated that root and coleoptile growth of six pulse plants were more sensitive than
seed germination for measurement of toxic Cd** pollution. Different species show different levels of tolerance
to Cd* pollution. V. angularis and Dumasia villosa are the most sensitive to Cd*, and their germination per-
centage, and root and coleoptile growth were significantly lower than other tested species. By contrast, Vigna
radiata and Lablab purpureus are the most resistant species, their germination and seedling growth almost
were not influenced by Cd** pollution significantly compared to control. There were significantly negative cor-
relations between seedling growth and increasing concentrations of Cd** for V. angularis. V. angularis and
Dumasia villosa are the most sensitive to Cd*'. By contrast, Vigna radiata and Lablab purpureus are the most
resistant species.
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Introduction

Heavy metal pollution was of considerable importance
and relevant to the present scenario due to the increasing
levels of pollution and its obvious impact on human health
through the food chain [1]. It is a known fact that the wide-
spread accumulation of metals in the environment is
increasingly becoming a problem for organisms of every
kind. The main sources of elevated heavy metals concen-
tration in soils were agricultural, manufacturing, mining,
waste disposal practices, and the use of sewage sludge as
fertilizer in agricultural fields. Metal contamination of agri-
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cultural soil has increased parallel to industrialization.
Heavy metals concentration was introduced due to the
application of metals containing agrochemicals such as pes-
ticides and fertilizers. Previous studies had showed that Hg,
Zn, Cd, Co, Pb, Cu, As, Al, Cr, and Ni reduce the germina-
tion of many kinds of seeds [2-16].

Cadmium pollution was increasing in the environment
due to mining, industrial usage, and many anthropogenic
activities. Irrigation with polluted water had induced heavy
metal accumulation not only in the soil but also in plant
parts, including seeds and tissues [17]. Excess Cd caused a
number of toxic symptoms in plant growth retardation and
inhibition of photosynthesis. Cadmium could also enter the
soil or water from spills or leaks at hazardous waste sites if
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large amounts of dissolved cadmium were present at the
site where it was potentially available to rooted plants. The
available Cd thereby entered biogeochemical cycles,
becoming bioconcentrated [18-21]. There were some stud-
ies about cadmium toxicity for seed germination [22, 23],
but they were not well described processes and not for
seeds of pulse plants. Pulses are widely grown around the
world; the aim of our study was to compare the effects of
Cd* on seed germination, root, and shoot growth of six
pulse crops. Through the study, we want to know:
1) To what degree cadmium inhibits the six pulse crops’
seed germination and seedling growth
2) Which pulses are most sensitive to cadmium
This study was carried out in June 2008 in the Institute
of Environmental Ecology, Lanzhou Jiaotong University.

Experimental Procedures

The effects of several doses of cadmium (0, 0.1, 0.2, 0.4,
0.8, 1.6, and 3.2 mM) on six pulse crops were investigated.
Seeds of soybean (Glycine max (Linn.)), mung bean (Vigna
radiata (Linn.)Wilczek.), Lentil (Lablab purpureus
(Linn.)Sweet), sweet pea (Lathyrus odoratus Linn.), adzuki
bean (Vigna angularis (Willd.) Ohwietohashi.), and black
bean (Dumasia villosa DC.) were offered by Gansu
Academy of Agricultural Sciences of China. Seeds were
surface sterilized in 0.5% sodium hypochlorite solution for
20 min and washed thoroughly with distilled water. The
seeds were germinated in Petri dishes (diameter=150mm)
with a double layer of filter paper soaked in distilled water
(control) and 0.05-1.6 mM CdCl, solutions. The seeds were
set under a photoperiod of 12 hr, and 30%1/25+1°C
day/night temperature. The seeding was harvested after 96
hr and the germination rate was recorded for every 24 hr. A
I-mm radical emergence from seeds was considered seed
germination. The root and shoot length of germinated
seeds, however, were measured only at 96 hr of incubation.

Data are the results from six separate analyses with 50
seeds in each Petri. Statistical analysis was performed
based on STATISTICA [24]. The data were analyzed
through two-way and one-way analysis of variance
(ANOVA) to determine the effect of treatments, and
Duncan’s multiple comparison tests were performed to
determine the statistical significance of the differences
between means of treatments.

Results
Germination under Cadmium Stress

The germination of pulse seeds occurred at all cadmium
treatments from 0.0 mM to 1.6 mM in all species. A two-
way ANOVA showed that seed germination was signifi-
cantly affected by different species (F;, =4.13, p <0.001),
and the absence of a significant cadmium treatment and
interaction demonstrates that the response of all species to
cadmium concentration was similar, although the percent-
age of germination varies between the species (Table 1).

Table 1. The analysis of variance for the effects of different
species, cadmium treatments, and their interaction on seed ger-
mination (%) and shoot and root elongation for six pulse species.

Traits | Source of variation df F P

g Cadmium treatment 6 3.33%* 0.01504
E species s | 413%x | <0.0001
E Cadmi“:;‘eg;fmem “1 30 | 138 | on7s
_§ Cadmium treatment 6 1.89 0.1216
g, species 5 1.18 0.2635
£ Cadmmst;etcrieeastmem “1 30 | 092 | 05945
Cadmium treatment 6 1.77 0.1468

species 5 0.89 0.6278

Root
elongation

Cadmium treatment x

. 30 0.53 0.9751
species

*significant difference at 0.05 level
**significant difference at 0.01 level
***significant difference at 0.001 level

The germination was significantly different among cad-
mium treatment and control in 5 pulse species. Only in the
case of Vigna radiata was its germination not significantly
effected by cadmium treatment (F 55 = 1.714, p = 0.1468),
and it performed a higher germination percentage and
stronger tolerance to cadmium. Compared with the control
and lower concentration cadmium treatments (0.1 and 0.2
mM), higher concentration cadmium treatments (1.6 and
3.2 mM) significantly (p <0.001) inhabited germination for
V. angularis, Lathyrus odoratus, and Dumasia villosa
(Table 2).

The germination was significantly different (p < 0.001)
among species at six kinds of cadmium treatments and one
control (Table 1). At all cadmium treatments and control, the
germination percentages of V. angularis and Dumasia vil-
losa was significantly lower than the other five species
(Table 2).

Coleoptile Growth under Cadmium Stress

A two-way ANOVA showed that coleoptile growth
was not significantly affected by different species, cad-
mium treatment and the interaction between species and
cadmium treatment (Table 1). The shoot length was sig-
nificantly different among cadmium treatments in five
pulse species. Only in the case of Dumasia villosa was
shoot length not significantly effected by cadmium treat-
ment. Compared with the control and shorter-concentra-
tion cadmium treatments (0.1 and 0.2 mM), higher-con-
centration cadmium treatments (1.6 and 3.2 mM) signifi-
cantly inhibited shoot length for Glycine max, Vigna
radiate, Dumasia villosa, and Lathyrus odoratus.
Lathyrus odoratus performed shorter shoot length at all
cadmium treatments (p<0.001). Compared with control,
for Vigna radiate, 0.1 mM cadmium treatment signifi-
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Table 2. Influence of Cd on seed germination and root and shoot growth of six pulses. Results are means+sd.
Attribute | Treatment | Glycine max | Vigna radiate | V. angularis pzfri)l;l:zel;s I;EZ)}Z; :Zi D\)z:;;ia F-value
0.0 mM 9245.99 91£2.42° 83+3.72° 93+£2.6° 94+2.61° 7943.52° 16.80%**
0.1 mM 84+4.63° 91+1.63° 82+7.42° 9443.79 9443 .41° 76+4.8° 14.206%**
9 0.2 mM 65+28.47° 92+1.51° 82+7.69" 86+3.67° 93+1.47 71£7.46% 4.93%%%
g 0.4 mM 86+8.2% 92+1.51° 81+10.78* 85+7.24™ 9342.66 7146.03¢ 8.00%**
-g 0.8 mM 9343.93® 90+1.97® 83+£8.92 77£15.11¢ 94+2.95° 66+8.98¢ 9.74%**
3 1.6 mM 82+4.27* 91x1.1° 7246.62¢ 77+12.88* 89+1.17% 6346.42¢ 14.73%**
3.2 mM 87+11.5° 9240.82° 61+3.72° 78+11.48¢ 87+3.74* 56+6.98 24.26%**
F-value 8.987** 49.09%** 13.32%%* 6.361%* 3.787* 8.897%*
0.0mM | 4174379 | 22.54237° | 23.543.17° 31.943.35° 12.540.57¢ 22.0+4.37% 59.10%**
0.1 mM 36.0+3.04* | 22.1£3.92™ | 18.4+£5.36 31.0£1.67° 13.742.75¢ 23.6+3.66° 31.01%**
’g 0.2 mM 24.74£3.6° 17.142.82° 16.844.39" 27.6+3.51° 10.141.99° 20.242.90° 21.71%%*
;_: 0.4 mM 20.243.0* 10.441.22° 13.944.39° 23.1+2.01¢ 6.9+1.01° 18.542.56° 33.32%**
%ﬂ 0.8 mM 14.842.18" 7.2+1.57" 9.5+2.18 20.442.00° 5.3+0.98¢ 13.742.65° 46.64***
984 1.6 mM 12.34+1.59° 5.3+0.78" 8.0+1.46° 17.1+1.44° 4.2+0.84¢ 10.140.74¢ 94.78%**
3.2mM 10.5+1.24° 4.6£1.11° 6.4+1.56° 12.3+0.32¢ 2.9+1.19¢ 7.3+1.44° 51.90%**
F-value 8.993%* 7.801%* 6.365%* 6.368%* 8.996** 1.714
0.0mM | 27.844.96" | 46.0£535° | 26.1£2.91° 20.843.90° 8.740.73¢ 21.4+1.68° 67.06%**
0.1mM | 23441.97° | 35.7+7.76° | 22.3+3.60° 20.543.45° 10.0+0.92° 21.1£1.95° 25.80
g 02mM | 20.9+1.34" | 31.6£5.89° 8.61.74° 17.142.95° 10.5+1.36¢ 21.5£3.16° 41.88%**
£ 04mM | 18743.98* | 23.3+7.30° 12.141.82° 15.3£1.09° 7.1+2.10% 21.3+£2.52® 15.61%**
§ 0.8 mM 18.3+4.08" | 17.6£3.14* | 18.0+0.77* 15.5+1.22° 5.341.25° 20.1+1.76° 31.04%%*
g 1.6 mM 14.141.18" 11.8+0.22° 19.7+£2.03¢ 14.3+3.41¢ 4.2+40.74° 16.6+1.48° 49.90%**
32mM | 11.9+2.48* 9.1+1.06° 21.142.40° 12.3+0.86¢ 2.0+0.63* 10.1£0.93% 90.45%**
F-value 29.474%** 12.815%** 19.786%** 36.514%** 5.69% 13.78**

For each attribute the mean values with the same superscript letters among species are not significantly different at 5% level of prob-

ability (Duncan’s multiple comparisons test).

*significant difference at 0.05 level, **significant difference at 0.01 level, ***significant difference at 0.001 level

cantly inhibited the shoot length (p<0.001), 0.2 mM and
0.4 mM cadmium treatments had no significant influence
on shoot growth for Glycine max, Lathyrus odoratus, and
Dumasia villosa. Lower cadmium treatments (0.1 and 0.2
mM) promoted the shoot length for Vigna Lathyrus odor-
atus (Table 2).

The shoot length was significantly different among
species at six kinds of cadmium treatments and one control
(p<0.001) (Table 1). The shoot length of Glycine max and
Vigna radiata decreased with the addition of cadmium con-
centration. Vigna radiata shoot length was significantly
higher than the other five species (Table 2). There was a sig-
nificant negative correlation between the mean shoot length
and cadmium concentration for three species:

Glycine max: y = 112.744-0.8973x, r’=0.12, F,=5.5,
p=0.024

Vigna ratiata: y =254.1873-2.2007x, r’=0.14, F,=6.32,

p=0.016

Lablab purpureus: y=44.7416-0.3642x, 1’=0.068, F, =2.9,
p=0.096

Dumasia villosa: y=96.0798-0.7415x, 1’=0.146, F, = 6.82,
p=0.013.

Root Elongation under Cadium Stress

A two-way ANOVA showed that root elongation was
significantly affected by different species, cadmium treat-
ment, and the interaction between species and cadmium
treatment (Table 1). Root elongation was significantly dif-
ferent among cadmium treatments in 6 pulse species.
Compared with the control and shorter concentration treat-
ments (0.1, 0.2 and 0.4 mM), the highest concentration cad-
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mium treatments (0.8 and 1.6 mM) significantly inhibited
root elongation for Glycine max (p < 0.001). For Lathyrus
odoratus, root elongation dramatically decreased at 1.6 mM
cadmium treatment and was significantly shorter than other
species (p<0.001). The root elongation of all species per-
formed a decline with the increase of cadmium concentra-
tion (Table 2).

There was a significant difference of root elongation
among species (p<0.001) at six kinds of cadmium treat-
ments and one control (Table 1). At control treatment and
lower cadmium concentration treatments (0.1 and 0.2 mM),
the root length of Glycine max and Lablab purpureus was
significantly longer than the other four species. At higher
cadmium concentration treatments (1.6 and 3.2 mM), the
root length of Lathyrus odoratus was significantly shorter
than the other five species (Table 2). There was a negative
correlation between the mean root elongation and cadmium
concentration, and there was a significant negative correla-
tion for V. angularis (y=124.8185-1.0662x, r’=0.13,
F,=6.02, p=0.0186).

Discussion

Of all the non-essential heavy metals, cadmium is per-
haps the metal that has attracted the most attention in soil
science and plant nutrition due to its potential toxicity to
humans, and also its relative mobility in the soil-plant sys-
tem [18]. The Cd** showed a strong inhibitory effect on ger-
mination; root elongation and coleoptile growth of the test
species, especially at high cadmium concentrations, and root
elongation and coleoptile growth were much more sensitive
than the germination by this study. High levels of Cd** sup-
ply can inhibit seed germination, and subsequent seedling
growth demonstrate that inhibition of root elongation is con-
sidered to be the first evident effect metal toxicity in plants
[2,3,6,17,19,22], maybe because of the seed coat it is able
to reduce the amount of Cd entering the seed, but after seed
germination cadmium is considered strongly toxic because
cadmium compounds in the soil are more or less insoluble
as the metal ions are tightly bound to humus and clay parti-
cles. Shoot and root after germination has no barrier to pro-
tect. Some other studies have the same conclusion [18, 19].

Conclusions

This study concluded that seed germination of all the
test species were not so sensitive like shoot and root elon-
gation to Cd*". Coleoptile growth and root elongation of the
test species were more accurate for measuring the toxicity
of Cd*' pollution, and different species show different lev-
els of tolerance to Cd*. V. angularis and Dumasia villosa
are the most sensitive to Cd*'. By contrast, Vigna radiata
and Lablab purpureus are the most resistant species.

Acknowledgements

This research was supported by the Program for
Changjiang Scholars and Innovative Research Team in

University (IRT0966), the National Innovation Foundation
of Middle and Minor Corporation (No. 12C26216207079),
and the National Natural Science Foundation (No.
30970490).

References

1. AHMAD I, AKHTAR MJ., ZAHIR Z.A., JAMIL, A.
Effect of cadmium on seed germination and seedling growth
of four wheat (Trticum aestivum L.) cultivars. Pakistan J.
Bot. 44, (5), 1569, 2012.

2. AIMAN, H.S., FARIDUDDIN, Q., SAYAT, B.A., AHMAD
A. Cadmium: toxicity and tolerance in plants. J. Environ.
Biol. 30, 165, 2009.

3. BONIFACIO R.S., MONTANO M.N.E. Inhibitory effects of
mercury and cadmium on seed germination of Enhalus
acoroides (L.f.) Royle. Arch. Environ. Con. Tox. 60, 45, 1998.

4. CHENG W.D., ZHANG G.P, YAO H.G., Zhang H.M.
Genotypic difference of germination and early seedling
growth in response to Cd stress and its relation to Cd accu-
mulation. J. Plant Nutr. 31, 702, 2008.

5. CURGUZ V.G., RAICEVIC V., VESELINOVIC M.,
TABAKOVIC-TOSIC M., VILOTIC D. Influence of heavy
metals on seed germination and growth of Picea abies L.
Karst. Pol. J. Environ. Stud. 21, (2), 355, 2012.

6. DICEK, D., AHMET, A. Heavy metal levels in vegetables in
Turkey are within safe limits for Cu, Zn, Ni and exceeded
for Cd and Pb. J. Food Quality. 29, 252, 2006.

7.  FARGASOVA A. Effect of Pb, Cd, Hg, As, and Cr on ger-
mination and root growth of Sinapis alba seeds. B. Environ.
Contam. Tox. 52, 452, 1994.

8.  GAUTAMA M., SENGARB R.S., CHAUDHARY R.,
SENGAR K., GARG S. Possible cause of inhibition of seed
germination in two rice cultivars by heavy metals Pb** and
Hg*. Toxicol. Environ. Chem. 92, (6), 1111, 2010.

9.  HOUSHMANDFAR A., MORAGHEBI F. Effect of mixed
cadmium, copper, nickel and zinc on seed germination and
seedling growth of safflower. African Journal of Agricultural
Research. 6, (5), 1182, 2011.

10. HUSSAIN A.. ABBAS N., ARSHAD F., AKRAM M.,
KHAN Z.I, AHMAD K., MANSHA M., MIRZAEI F.
Effects of diverse doses of Lead (Pb) on different growth
attributes of Zea-Mays L. Agricultural Science. 4, (5), 262,
2013.

11. JAIN R.K. Study of heavy metals effect in response to linum
seed germination. African Journal of Plant Science. 7, (3),
93, 2013.

12. KURIAKOSE S.V., PRASAD M.N.V. Cadmium stress
affects seed germination and seedling growth in Sorghum
bicolor (L.) Moench by changing the activities of hydrolyz-
ing enzymes. Plant Growth Regul. 54, 143, 2008.

13. LIQ.S.,LUYL., SHIYJ., WANG T.Y.,, NIK,, XU L., LIU
S.J., WANG L., XIONG Q.L., GIESY J.P. Combined effects
of cadmium and fluoranthene on germination, growth and
photosynthesis of soybean seedlings. J. Environ. Sc. 25, (9),
1936, 2013.

14. LI W.Q., KHAN M.A.,, YAMAGUCHI S., KAMIYA Y.
Effects of heavy metals on seed germination and early
seedling growth of Arabidopsis thaliana. Plant Growth
Regul. 46, 45, 2005.

15. LIU S.J., YANG C.Y.,, XIE W.J., XIA C.H., FAN P. The
effects of cadmium on germination and seedling growth of
Suaeda salsa. Procedia Environmental Science. 16, 293,
2012.



Effects of Cadmium on Seed...

299

16.

17.

18.

19.

MONTALBAN B., PRADAS DEL REAL A. E., GARCIA
P, LOBO M.C., PEREZ-SANZ A. Germination and early
development of Brassica napus and Brachypodium dis-
tachyon growth with Zn, Cr (VI), As (V) or Cd: preliminary
results. Acta Phytopathol. Hun. 47, (2), 363, 2012.
MOOSAVI S.A., GHARINEH M.H., AFSHARI, R.T,
EBRAHIMI A. Effects of some heavy metals on seed ger-
mination characteristics of canola (Barassica napus), wheat
(Triticum aestivum) and safflower (Carthamus tinctorious)
to evaluate phytoremediation potential of these crops. J. Agr.
Sci. 4, (9), 11, 2012.

MUNZUROGLU O., GECKIL H. Effects of metals on seed
germination, root elongation, and coleoptile and hypocotyl
growth in Triticum aestivum and Cucumis sativus. Arch.
Environ. Con. Tox. 43, 203, 2002.

OZDENER Y., KUTBAY H.G. Toxicity of copper, cadium,
nickel, lead and zinc on seed germination and seedling growth
in Eruca sativa. Fresen. Environ. Bull. 18, (1), 26, 2009.

20.

21.

22.

23.

24.

PRODANOVIC O., PRODANOVIC R., PRISTOV J.B,,
MITROVIC A., RADOTIC K. Effect of cadmium stress on
antioxidative enzymes during the germination of Serbian
spruce [Picea omorika (Panc.) Purkyne]. African Journal of
Biotechnology. 11, (52), 11377, 2012.

SALVATORE M.D., CARAFA AM., CARRATU G.
Assessment of heavy metals phytotoxicity using seed ger-
mination and root elongation test; A comparison of two
growth substrates. Chemosphere. 73, 1461, 2008.

STREET R.A., KULKARNI M.G., STIRK W.A., SOUTH-
WAY C., VAN STADEN J. Toxicity of metal elements on
germination and seedling growth of widely used medicinal
plants Belonging to Hyacinthaceae. B. Environ. Contam.
Tox. 79, 371, 2007.

YANG Q.S., ZHAO Y. Effect of Co*" and Ni** on seed ger-
mination and seedling growth of oilseed rape. Advanced
Materials Research. 807-809, 976, 2013.

Statsoft, Inc. (1993) STATISTICA for Windows Release 4.5






