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Effects of Various Levels of Cement Dust on Seed Germination and Early
Seedling Growth in 2 Cultivars of Helianthus annuus L.
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Abstract: In this study, the effects of cement dust-provided from cement factory complex of Soofian located
in 30 Km north of Tabriz-Iran-on seed germination and early seedling growth including root, hypocotyl
elongation and number of lateral roots in seedlings of 2 cultivars of Helianthus annuus 1. Armavirusky and
Eroflor-have been investigated. The seeds were exposed to 0, 0.42, 0.84, 1.26 and 1.68, 7 (g L") of cement dust
solutions on based of ISTA rules for 7 days. The obtamed results showed that cement dust didn’t effect
significantly on seed germination, root elongation and number of lateral roots in both cultivars compared to
control group (p=0.01) but hypocotyl length with increasing concentration of cement dust solution showed a
significantly decrease in both cultivars (p<0.01) compared control group seedlings. Hypocotyl growth was a
more sensitive endpoint than root growth and number of lateral roots. There was no significant difference mn
seedling growth between 2 cultivars in similar treatments but it was significant in treatment of 7 g I.™' of cement
solution in germination percent between these cultivars (p<<0.01).
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INTRODUCTION

Heavy metals are important environmental pollutants
that pose a major human health problem. Pollution of
the biogphere with toxic metals has accelerated
dramatically since the beginning of the industrial
revolution (Nriogo, 1979). Some heavy metals such as Cu,
Zn, N1iare essential micronutrients for plants but are toxic
to organisms at high concentrations (Munzuroglu and
Geckil, 2002). Plants are sometimes exposed to non-
essential heavy metals, including Hg*, Cd * and Pb* that
are present in soil and water naturally or as contaminants
from human activities such as mining and smelting of
metalliferous ores, municipal wastes, fertilizers, pesticides
and sewage (Kabata-Pendias and Pendias, 1989). Plant
bioassays have been used to assess ecotoxicity of soil
contaminated with a range of chemicals (Gorsuch et al.,
1991). Many studies have demonstrated that heavy metals
mnfluence the seed germination and early seedling growth
of plants. Seed 1s a stage n the plant life cycle that 1s well
protected against various stress. However, Soon after
imbibition and subsequent Vegetative developmental
processes, they become stress-sensitive in general.
Therefore, seeds are thought to carefully monitor such
external parameters as light, temperature and nutrient in

order to maintain the protective state until external
condition become favorable for following developmental
processes (Karssen, 1982, Pritchard er al, 1993;
Bungard et al., 1997). Many studies have demonstrated
that heavy metals influence seed germination and early
seedling growth of plants, so a few examples are
summarized: effects of Cu on Helianthus annuus L.
(Lin et al., 2003), Cu on Brassica oleracea (Chatterjee and
Chatterfee, 2000), Cu on Lemna trisu laca (Prasad et al.,
2001), Pb on higher plants (An et al, 2004), Pb on
Lemna minor (Mohan and Hosetti, 1997), Cu and Pb on
Allium cepa (Wierzbicka, 1999), Cu and Pb on Avicennia
marina (Mac Farlane and Murchett, 2002), Pb, Cu on 4
crops (An, 2006), Cu, Zn, Hg and Pb on Triticum aestivium
and Cucmis sativius (Munzuroglu and Geclal, 2002), Cu,
Zn, Pb and Cd on Brassica pekimensis (Song et af.,
2002), 7n, Cu, Pb, Cd and Hg on Arabidopsis thaliana
(Weigiang et al., 2005), Cd and As on Triticum aestiviim
(Liu and Zhang, 2007). It 1s well documented that the
presence of both alkali and heavy metals in composition
of cement dust-released from the cement factories-affect
on growth and development of the plants by changing
physicochemical properties of soil and perturbation of
seed germmation and metabolism m neighbouring
localities plants. The porpose of this study is to assay
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effect of different levels of cement dust on Seed
germination and seedling growth of 2 cultivars of
Helianthus annuus, compare these cultivars relative to
this environmental stress and determine resistant cultivar.

MATERIALS AND METHODS

Plant materials and chemicals: The seeds of 2 cultivars
of Helianthus ammus-Armavirusky and Eroflor-were
provided from agriculture orgamzation (Tabriz-Iran).
Cement dust for germmation experiments was Provided
from Soofian factory complex, located in 30 Km north
of Tabriz-Tran. The experimental analysis of cement
dust carried out by XRF analysis with using
spectrophotometer Model: SRS 200 (Table 1) and
Chemical analysis of Cement dust showed presence of
alkali cations that are showen in Table 2. Cement dust
Solutions were made mn several concentrations (0.42, 0.84,
1.26,1.68, 7y g L™ in distilled water (dH20) and then to
measure pH and EC of these solutions used a digital pH
meter (Model: metrohm 827) and EC meter (Model:
metrohm 712, respectively (Table 3). dH2O was used as a
control treatment.

Germination tests: Prior to germination, dry seeds were
Surface strilized with 1% Sodium hypoclorite Solution for
20 min and then rinsed with distilled water. Seed
germination was tested on moist filter Paper. A piece of
filter paper was placed on Petri dish and moistened with
5.0mL of cement dust solution. Controls were mamtained
by moistening the filter Paper with 5.0 mI, distilled water.
Germination tests were carried out triplicate samples in
both cultivars (each containing 25 seeds) under
conditions light and dark period 12 h at 20-30°C. In the
third day after starting test, the seeds were Scored as
germinated when the breakage of seed coat Was
visible. In 7th day some parameters of seedling growth
(root, hypocotyl length and number of lateral roots were
measured (Draper, 1985).

Table 1: Various of heavv metals in cement dust

"XRT FILiF 110 UXRF ULIiF 100
Fe? Fe?
Zn Zn
Rb Rb
Sr Sr
Ni Ni
Mn Mn
Kr Cu
Br Kr
Cr Br
cd Cr
Pb Cd
Hg Se
Pt Co
Au Mo
i Ag

a: High concentration,b: lack of element; 1:-X-Ray Fluoresc; 2: Feloride
Litium crystal with 100 (mm) plate; 3: Feloride Litium crystal with
110 (mm) plates

Table 2: Analysis of cernent dust
Compounds of cement dust

Concentration (% ww™' )

Sio, 0.40
ALO; 2.13
Fe,0; 1.88
Ca0 43.72
MgO 1.33
805 2.14
Na,0 0.52
K0 8.50
cl 0.16

Table 3: EC and PH contents of cement dust sohitions in various

concentrations

Concentration of cement

EC (ms cm™) pH dust solution (g L™!)
0 7 0.00
4.81 11.09 0.42
8.56 11.23 0.84
11.92 11.39 1.26
15 11.48 1.68
17.76 11.59 7.00

Statistical analysis: Statistical analysis was performed by
using Microsoft-Excel, spss (ver. 11). The data represent
means calculated from 3 replicates. A least sigmificant
difference test (Dunken-test) was employed for
comparison of the changes at p<<0.01.

RESULTS

Determine of composition and chemical
characteristics of cement dust: In this study, the first
step to assess effect of cement dust on seed germmation
and early seedling growth, was, analysis of cement dust
to determine its composition and some physicochemical
characteristics. The result of this analysis indicated
presence various heavy metals in different concentrations
(Table 1) and alkali cations (Na', K" Ca*, Mg™) are
showen in Table 2. Because of these cations, cement dust
had high pH and EC (Table 4).

some

Effects of cement dust on germination: To assess effects
of cement dust on germination, we made cement dust
sclution in several concentrations (0-7 g L") and
determined their pH and EC. With increasing of solutions,
the pH and EC increased (Table 3). The seeds of both
cultivars were treated with these different concentration
solutions. Seed germination percent and average of
germination rate were measured at the end of thurd day of
starting test. The obtained results of analysis varience
didn’t show significant changes of germination in treated
seeds compared to control group seeds in any
concentration of solution in both cultivars (Fig. la and b)
but there was significant difference in treatment of
7 g L' of cement dust solution in germination percent
between these cultivars (p<t0.01).
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Tadle 4: 5 orme chatacteristics of cemerd dust

Cernent dust 1 ()
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Fig 1. Seed germination (a) and average of rate
genmination (hy of 2 cultivars of Helianthus
TN

These results similar to results of previous worlcs by
(Gryanaet af ., 2000; An, 2006; Lyle, 2003, Weigiang et af.,
2005, Song et al., 200203,

Effects of cement dust on early seedling orowtih: Foot
and hypocotyl elongation of seedlings in 7th day of
treatment were measured (Fig. 2. The results indicated
that swith increasing concentration of cement dust
solutions, root and hypocotyl length decreased in both
cultivars compared to control group seedings. This
reduction in hypocotyl length was significant (p<0.01% but
non-significant in root length (Fig. 3a and b). The
previous worles by (Song et af., 2002, Lyle, 2003, Livand
Zhang, 2007, Mumuroglu and Gecldl, 2002; An, 2008),
showed sitnilar results with a difference in more sensitivity
of hypocotyl relative to root. In this study, the number of
lateral roots in control and treated seedlings also were
measured. [nall oftreatrnents a non-sgnificant reduction
in munber of lateral roots compared to control seeds was
observed. An increasze in number of lateral rootz in
treatments of 1.26, 1.68, 7 gL‘1 of cemment dust solutions
relative to treatments of 0142 and 0.34 g L™ of solutions
was ohserved in Armavitudoy and this increase in Erofor
was ohzerved in treatments of 168 and 7 g L relative to
lower concentration treatrnents (Fig, 3c).

i} 042 054 126 Lag 7

Fig 2 Treated seedlings with different concentrations of
cetnent dust solution compared to control seeds
in 7th day of starting gemmination test (A):
Armravitugey (B Eroflor

Eoct hangh: (o)

¥

¥
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Cumard Anat saletirm (g 1Y)

Fig 3: Rootlength (&), hypocotyl length (B and number
of lateral roots () of 2 cultivars of Heliarthus
armuus  CAmavinsky and Eroflior in the
peresence of different concentrations of cement
dust solutions in the 7th day of germination test
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DISCUSSION

Heavy metals and alkali cations in cement dust can
influence the plants of vicinity areas cement companies.
This effect can be occurred in different stages of growth
and development of life cycle in plants.

Our results about germmation support the i1dea that
tissues covering the embryo play a role in selective
penetration of different heavy metals mto seeds
(Weiquang et al., 2005). This was first suggested by the
fact that seeds still germinated m the presence of high
concentrations (7 g L") of cement dust solution but the
subsequent seedling growth was severely mhibited at
higher concentration of cement dust solution.

With the increases in the concentration of solutions,
hypocotyl length reduced more significantly than the
other endpoimnts and the reduction followed the order:
hypocotyl  length»root length, munber of lateral
roots>average rate of germination>germination percent.

Tt has been thought that heavy metals are taken up
by the cell through metal transporters. Several such
transporter proteins have recently been identified
(Clemens, 2001, Kjar et al, 1998). Tt is at moment not clear
which transporters contribute to the uptake of metals
such as Pb*" and Zn”™ in seeds and cations such as Ca”™
how affected their toxicities.

CONCLUSION

Our results indicated that seed germination in a
heavy metal environment was not a reliable indicator for
metal tolerance of the plants. Regarding to results of this
study, we might be get a conclution that Eroflor in
compared to Armavirusky is tolerant and could be
suitable for cultivation in vicinity areas of cement
company.
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