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Abstract The beneficial effect of seed priming in

improving critical growth stages like seed germination and

early growth phases has been accepted by Plant Physiolo-

gists for many important field crops. In the present inves-

tigation, studies were made to see the effect of heavy metal

stress imposed during germination using solution of HgCl2
in four different concentrations (0.0, 0.50, 0.75 and

1.00 mM) in Petri dishes on primed and non-primed seeds

of wheat. Priming has been done with distilled water (hy-

dro), Mg(NO3)2 and Ca(NO3)2 (halo) salts. Different ger-

mination parameters, such as germination percentage,

radicle and plumule lengths, seedling emergence, soluble

and insoluble sugar contents and activity of a-amylase in

endosperm were studied at different study periods. Primed

seeds increased all the germination parameters except

insoluble sugar content in respect to non-primed control in

the absence of HgCl2. However, the use of primed seeds

has shown to overcome the inhibitory effects of heavy

metal stress imposed in the form of HgCl2 solution during

the period of germination. Hence, the work concludes the

mitigating effects of priming under heavy metal stress.

Keywords Priming � Heavy metal stress � a-Amylase �
Soluble–insoluble sugar

Introduction

Heavy metals like cadmium, cobalt, nickel, copper and

mercury, have toxic effects on plants and act as persistent

pollutants in the atmosphere; these may be added either by

natural or anthropogenic activities. Some metals precipitate

readily in soil, some are immobilized in nature, in which

the later considered more hazardous to plants. Among the

various phases of plant’s life, seed germination represents

the most important phase. Wang et al. (2003) reported that

heavy metals affect seed germination which resultantly

reduces root and shoot elongation, their dry weight and

level of total soluble protein. Pourrut et al. (2011) reviewed

that lead causes oxidative damage and loss of nutrients,

alteration in membrane permeability and modulates sugar

and protein metabolism, whereas Sethy and Ghosh (2013)

studied the role of various heavy metals like Pb, Ni, Cd,

Co, Cr and Hg on the process of seed germination of

various crops and noted the toxic effects of all these metals

on the loss in productivity. Seed germination inhibition by

heavy metals applied in the form of lead nitrate, cadmium

nitrate and mercuric chloride was observed in Cassia sia-

mea L. and Zea mays L. crops, respectively (Shafiq and

Iqbal 2005; Bose et al. 2008). Increased lead (lead nitrate)

concentrations were found to inhibit seed germination,

early growth of seedling, fresh and dry weights, length and

total protein content of root/shoot in Zea mays L. (Hussain

et al. 2013). Further, maize plants while treated with var-

ious heavy metals, Pb was found most toxic and decreased

the growth and plant’s protein content (Ghani 2010).

Although relative toxicity of different metals to plant can

vary with the genotype and experimental conditions, most

of the heavy metals act through the changes in the per-

meability of cell membrane, reactions of sulfhydryl (–SH–)

groups with cations (Bose et al. 1983), affinity for reacting
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with phosphate group of ATP or ADP, replacement of

essential ions, oxidative stress, etc. Germination and

seedling growth of Arabidopsis were affected by the use of

heavy metals like Cu, Hg, Cd and Pb, where the level of

toxicity was greater with Cu followed by Hg, Cd and Pb (Li

et al. 2005). However, mercury is one of the best known

toxic metals discharged from human activities. The toxic

effects of Hg on seed germination, growth, biochemical

constituents and yield have been studied by various

workers (Munzuroglu and Geekil 2002; Muddarisna et al.

2013). Seed priming, as a pre-sowing technique can

improve root emergence and increase germination rate by

making changes in metabolic activities in seeds (Taylor

and Harman 1990; Bose and Mishra 2001) during the

process of germination. However, hydropriming (using

water) and halopriming (using salts) were introduced to

improve germination speed, uniformity and also the

allometry (changes in different parts of a plant over time)

in several horticultural and field crops (Ashraf and Foolad

2005; Krishnottar et al. 2009; Srivastava and Bose 2012).

In the present investigation, studies were made to find out

the effect of heavy metal (HgCl2) stress on the morpho-

physiological and biochemical parameters of germinating

wheat variety HUW-468, using hydro and halo primed

seeds.

Materials and methods

Wheat seeds (Triticum aestivum L. HUW-468) were pro-

cured from the Department of Genetics and Plant Breeding,

Institute of Agricultural Sciences, Banaras Hindu University,

Varanasi. Healthy and bold seeds were surface sterilized with

0.01 % HgCl2 solution for 3 min and then washed 5–6 times

thoroughly by distilled water. Three priming treatments were

used for this experiment included hydropriming (using dis-

tilled water) and halopriming, using two common salts, i.e.,

Mg(NO3)2 and Ca(NO3)2 [7.5 mM concentration (Das and

Bose 1998) of each salt was selected for priming] with a non-

primed treatment as control. For priming purpose the surface

sterilized seeds were soaked in distilled water, and in 7.5 mM

concentration of Mg(NO3)2 and Ca(NO3)2 solutions for 10 h.

After completion of soaking time, the seeds were washed 2–3

times using distilled water and then kept under fan for drying

till it attains its initial weight, thereafter the dried seeds were

kept in paper bags and used as per the necessity during

experimentation within 1 month. Twenty-five seeds of

primed and non-primed sets were placed in Petri dishes (di-

ameter 3.0 in.) and they were provided with a shock of four

different concentrations (0.0, 0.50, 0.75 and 1.00 mM) of

mercuric chloride solutions for 48 h. Thereafter, germinated

seed/seedlings were removed from HgCl2 solutions and

washings were made 4–6 times, using distilled water, then

kept for another 48 h in distilled water for germination study.

After 96 h of germination, only fully germinated seedlings

were maintained in experimental pots (having sufficient

moisture content) and the rest were removed. These pots were

kept in the laboratory to maintain the controlled conditions.

The experiments were conducted using completely random-

ized design (CRD) in factorial arrangement with four treat-

ments and each treatment was replicated three times.

Experiment was carried out in the Seed Physiology Labora-

tory, Department of Plant Physiology, Institute of Agricul-

tural Sciences, B.H.U., Varanasi (U.P.) India.

The germination studies were carried out in Petri dishes

to measure germination parameters (germination percent-

age, plumule and radicle lengths). Germinated seeds were

counted daily and percent germination was calculated

using the following formula, considering the number of

germinated seeds only at the end of studied period.

Germination % ¼ Number of seeds germinated=

Total number of seeds sown � 100:

Radicle and plumule lengths of germinated seeds were

measured using graph papers and they were calculated per

seed basis using the following formula.

Radicle length (cm) per seed ¼ ðL1 þ L2 þ L3

þ � � � � � � � � � � � � þ LnÞ=N:

where, L1 ? L2 ? L3 ? ������������ ? Ln: represents radicle

length of the germinated seeds present in the Petri dish.

N is the number of seeds placed in the Petri dish for

study.

Plumule length of all germinated seeds was measured

using the following formula.

Plumule length (cm) per seed

¼ ðX1 þ X2 þ X3 þ � � � � � � þ XnÞ=N:

where, X1 ? X2 ? X3 ? ��������� ? Xn: represents plumule

length of the germinating seeds.

N is the number of seeds placed in the Petri dish for

study.

The a-amylase, soluble and insoluble sugar contents

were measured in the endosperm, obtained from 48 to 96 h

germinated wheat seeds using the methods of Bernfeld

(1955) and Dubios et al. (1956), respectively.

Statistical analysis

Mean values were taken from each treatment of three

independent replications; and Statistical Package for Social

Science (SPSS Version 16.0) was used for the analysis of

variance. Significant differences among various treatments

were determined using Duncan’s test.
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Results

Study regarding percent germination of wheat (variety

HUW-468) seeds was made using different concentrations

(0.0, 0.50, 0.75, 1.00) of HgCl2, and the data were pre-

sented in Table 1. Result showed that primed seeds with

Mg(NO3)2, Ca(NO3)2 and distilled water (hydro) signifi-

cantly increased germination percentage; this study was

conducted from 12 to 72 h. At 12 h, the germination was

started in primed as well as in non-primed sets; among the

primed sets Mg(NO3)2 (haloprimed) treatment (T3) showed

94 % germination and that was followed by Ca(NO3)2

(halo primed) (T4) and hydro primed (T2) one, whereas the

non-primed control (T1) was found to be poor in this

respect, the later showed only 34 % of germination. With

the application of HgCl2 percent germination was found to

reduce in primed as well as in non-primed sets; however,

the concentrations of HgCl2 more than 0.5 mM, i.e.,

0.75(H2) and 1(H3)mM failed to show any germination at

12 h. At 48 h, 25 % germination was recorded in 1 mM

HgCl2 treated non-primed sets. The result suggested that

0.75 and 1 mM HgCl2 treated non-primed seeds showed

only 68 and 47 % germination, respectively, whereas hydro

primed as well as Mg(NO3)2 and Ca(NO3)2 primed sets

showed 98–100 % germination at 72 h.

Tables 2 and 3 are representing the radicle and plumule

lengths of the germinating seeds at 60, 72 and 84 h. Radicle

and plumule lengths were found to be significantly affected

by HgCl2. The seed priming with hydro, Mg(NO3)2 and

Ca(NO3)2 were found to maintain significantly higher

radicle and plumule lengths. The non-stressed control sets

showed maximum radicle and plumule lengths, whereas

with increased metal stress level it declined constantly. At

84 h, during non-stressed control condition maximum

radicle length was recorded in Ca(NO3)2 primed set while

during stressed condition Mg(NO3)2 primed set showed

maximum value. Mean values also supported the data of

main table and the trend was same in all the three studied

hours regarding radicle length. The same pattern was also

noted in the case of plumule length at all the mentioned

study periods. However, at 84 h no remarkable differences

were visualized with hydro and nitrate primed sets.

The activity of a-amylase enzyme of wheat endosperm

was measured at different studied periods (Fig. 1a). The

Table 1 Effect of varying concentrations of HgCl2 on germination percentage of hydro, nitrate salt (halo) primed and non-primed seeds of

wheat variety HUW-468

Treatments Germination percentage

Priming HgCl2 12 hA 24 hA 36 hA 48 hA 60 hB 72 hB

T1 H0 34.00 ± 3.47d 86 ± 3.47c 86 ± 3.47c 86 ± 3.47b 88 ± 0.00b 88 ± 0.00b

H1 6.00 ± 1.16f 80 ± 2.31d 94 ± 3.47b 98 ± 1.16a 98 ± 1.16a 98 ± 1.16a

H2 0.00 ± 0.00f 30 ± 1.16f 68 ± 2.31d 68 ± 2.31c 68 ± 2.31c 68 ± 2.31c

H3 0.00 ± 0.00f 0 ± 0.00g 0 ± 0.00e 25 ± 0.58d 41 ± 0.58d 47 ± 0.58d

T2 H0 74.00 ± 3.47b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H1 98.00 ± 1.16a 98 ± 1.16a,b 98 ± 1.16a,b 98 ± 1.16a 98 ± 1.16a 98 ± 1.16a

H2 92.00 ± 2.31a 94 ± 3.47b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H3 96.00 ± 0.00a 96 ± 0.00a,b 98 ± 1.16a,b 98 ± 1.16a 98 ± 1.16a 98 ± 1.16a

T3 H0 94.00 ± 1.16a 98 ± 1.16a,b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H1 70.00 ± 5.78b 98 ± 1.16a,b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H2 76.00 ± 2.31b 94 ± 1.16b 96 ± 2.31a,b 98 ± 1.16a 100 ± 0.00a 100 ± 0.00a

H3 22.00 ± 5.78e 86 ± 1.16c 96 ± 0.00a,b 96 ± 0.00a 98 ± 1.16a 98 ± 1.16a

T4 H0 90.00 ± 3.47a 98 ± 1.16a,b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H1 60.00 ± 0.00c 98 ± 1.16a,b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H2 74.00 ± 3.47b 98 ± 1.16a,b 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a 100 ± 0.00a

H3 40.00 ± 0.00d 40 ± 0.00e 98 ± 1.16a,b 98 ± 1.16a 98 ± 1.16a 98 ± 1.16a

Data presented are means from three replicates with standard errors. Within each treatment, different letters indicate significant differences by

Duncan’s multiple range test at P\ 0.05

Where: (1) T1, T2,T3 and T4 are non-primed, hydro, Mg(NO3)2 and Ca(NO3)2 primed seeds, respectively. (2) H0, H1, H2 and H3 are different

concentration (0, 0.5, 0.75 and 1 mM)of HgCl2
A Placed in HgCl2
B HgCl2 removed and placed in distilled water
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result clearly showed that at both the studied hours, i.e., 48

and 96, the increasing concentrations of HgCl2 significantly

inhibited the activity of enzyme in respect to non-stressed

control sets, however, when non-primed sets were compared

with hydro and nitrate primed sets a-amylase activities were

observed to improve significantly even in the presence of

higher concentrations of HgCl2, i.e., at 0.75 and 1 mM. The

mean data suggested that the Mg(NO3)2 was found best

among all the sets in improving the a-amylase activity in

respect to varying concentrations of HgCl2.

It was noted from the Fig. 1b that insoluble sugar was

found to decrease with the increasing hours of germination

in both primed and non-primed sets. Regarding varying

concentrations of HgCl2 it has been visualized that as the

concentration of HgCl2 increased retaining of the insoluble

sugar in the endosperm increased; this showed that HgCl2
interfered with the degradation of insoluble to soluble

sugar during germination. However, the use of primed

seeds, mainly Mg(NO3)2 was significantly found to

improve the rate of degradation of sugar by decreasing its

amount in the endosperm of germinating wheat seeds in the

absence as well as in the presence of HgCl2. The same

trend was observed from the mean values of 96 h germi-

nated seeds (Fig. 1b).

Regarding changes in soluble sugar of endosperm dur-

ing the germination of wheat seeds showed that in HgCl2
treated sets the soluble sugar content was found to be

significantly decreased with increasing concentrations of

this metal chloride (HgCl2) at both the studied hours, i.e.,

48 and 96 h (Fig. 1c). In Mg(NO3)2, primed sets soluble

sugar in endosperm significantly increased which has been

clearly visualized in the 48 h of study, whereas at 96 h only

magnesium nitrate treated set showed more soluble sugar

content in respect to non-primed set in the presence of

1 mM HgCl2.

Study of seedling emergence has been presented in

Table 4. In this case, after 48 h of HgCl2 treatment to the

primed and non-primed wheat seeds followed by another

48 h in the absence of HgCl2, the seeds/seedlings were

shifted to the pots and the study regarding emergence of

seedling was observed at 6 DAS. The hydro and

Mg(NO3)2 primed seeds showed very little difference in

seedling emergence in respect to Ca(NO3)2 and non-

primed control sets when they were not subjected to any

phytotoxic treatment of HgCl2. It was observed that

0.5 mM concentration of HgCl2 had the capacity for

higher seedling emergence in wheat variety HUW-468,

but after that it was decreased with increasing

Table 2 Effect of varying concentration of HgCl2 on radicle length

of hydro, nitrate salt (halo) primed and non-primed seeds of wheat

variety HUW-468

Treatments Radicle length (cm)

Priming HgCl2 60 h 72 h 84 h

T1 H0 2.00 ± 0.29b,c 4.00 ± 0.46b 4.15 ± 0.53c

H1 1.55 ± .09d,e 2.02 ± 0.09d,e 2.95 ± 0.19e

H2 0.85 ± 0.03h,i 1.70 ± 0.03e,f 1.75 ± 0.03f

H3 0.80 ± 0.09i 1.10 ± 0.03f,g 1.50 ± 0.13f

T2 H0 3.53 ± 0.02a 5.04 ± 0.10a 5.12 ± 0.01a,b

H1 1.70 ± 0.03c,d 2.46 ± 0.03c,d 3.06 ± 0.10d,e

H2 1.22 ± 0.16e,f,g 1.87 ± 0.20d,e 2.75 ± 0.03e

H3 0.74 ± 0.01i 1.11 ± 0.06f,g 1.50 ± 0.06f

T3 H0 3.52 ± 0.03a 4.68 ± 0.42a 4.67 ± 0.19b

H1 2.11 ± 0.17b 2.84 ± 0.25c 3.51 ± 0.04d

H2 1.02 ± 0.01f,g,h,i 1.85 ± 0.20d,e 2.00 ± 0.29f

H3 0.90 ± 0.06g,h,i 1.68 ± 0.01e,f 1.75 ± 0.035f

T4 H0 3.48 ± 0.02a 5.22 ± 0.14a 5.26 ± 0.15a

H1 1.26 ± 0.09e,f 2.05 ± 0.02d,e 2.73 ± 0.16e

H2 1.15 ± 0.14f,g,h 2.08 ± 0.37d,e 2.50 ± 0.02e

H3 0.00 ± 0.00i 0.50 ± 0.00g 0.50 ± 0.00g

Data presented are means from three replicates with standard errors.

Within each treatment, different letters indicate significant differences

by Duncan’s multiple range test at P\ 0.05

Where: (1) T1, T2,T3 and T4 are non-primed, hydro, Mg(NO3)2 and

Ca(NO3)2 primed seeds, respectively. (2) H0, H1, H2 and H3 are dif-

ferent concentration (0, 0.5, 0.75 and 1 mM) of HgCl2

Table 3 Effect of varying concentration of HgCl2 on plumule length

of hydro, nitrate salt (halo) primed and non-primed seeds of wheat

variety HUW-468

Treatments Plumule length (cm)

Priming HgCl2 60 h 72 h 84 h

T1 H0 2.73 ± 0.08a,b 3.96 ± 0.01b 4.82 ± 0.05a

H1 1.8 ± 0.08d,e,f 2.95 ± 0.21c,d,e 3.64 ± 0.16b

H2 1.56 ± 0.08f 2.52 ± 0.13d,e 2.65 ± 0.04e,f

H3 1.16 ± 0.09g 1.76 ± 0.09f 1.87 ± 0.40g

T2 H0 2.93 ± 0.01a 4.38 ± 0.02a,b 5.12 ± 0.02a

H1 1.88 ± 0.01e,f 3.05 ± 0.19c,d 3.81 ± 0.01b,c

H2 1.65 ± 0.04e,f 2.56 ± 0.11c,d,e 3.35 ± 0.20c,d

H3 1.50 ± 0.00f 1.85 ± 0.10f 2.31 ± 0.34f,g

T3 H0 2.94 ± 0.02a 4.20 ± 0.12a,b 4.95 ± 0.03a

H1 1.87 ± 0.02d,e 3.10 ± 0.36c 3.75 ± 0.20b,c

H2 1.65 ± 0.05e,f 2.55 ± 0.12e 3.45 ± 0.09c,d

H3 1.25 ± 0.14g 1.93 ± 0.34f 2.31 ± 0.19f,g

T4 H0 2.71 ± 0.12b 4.51 ± 0.10a 5.17 ± 0.07a

H1 1.81 ± 0.05c,d,e 3.19 ± 0.08c,d,e 3.83 ± 0.04b,c

H2 1.64 ± 0.03f 2.65 ± 0.18c,d,e 3.03 ± 0.35d,e

H3 1.11 ± 0.07g 1.80 ± 0.05f 2.29 ± 0.04f,g

Data presented are means from three replicates with standard errors.

Within each treatment, different letters indicate significant differences

by Duncan’s multiple range test at P\ 0.05

Where: (1) T1, T2, T3 and T4 are non-primed, hydro, Mg(NO3)2 and

Ca(NO3)2 primed seeds, respectively. (2) H0, H1, H2 and H3 are dif-

ferent concentration (0, 0.5, 0.75 and 1 mM) of HgCl2
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concentration up to 1 mM of the HgCl2. The mean value

suggested that Mg(NO3)2 treated sets were always found

significantly better among all the primed sets in emerging

the seedlings except at 0.75 mM of HgCl2(H2) treatment

level where hydro primed set showed higher (82.67 %)

seedling emergence.

Discussion

Results clearly suggested that the heavy metal HgCl2
showed its toxicity in inhibiting the germination in non-

primed control sets; however, the inhibition caused due to

the presence of HgCl2 was reduced, using hydro and
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Fig. 1 a–c Effect of varying

concentrations of HgCl2 on a-

amylase activity, insoluble

sugar and soluble sugar content

in the endosperm of hydro,

nitrate salt primed and non-

primed seeds of wheat variety

HUW-468. Data presented are

means from three replicates

with standard errors. Within

each treatment, different letters

indicate significant differences

by Duncan’s multiple range test

at P\ 0.05 where: (1) T1, T2,T3

and T4 are non-primed, hydro,

Mg(NO3)2 and Ca(NO3)2 halo

primed seeds, respectively. (2)

H0, H1, H2 and H3 are different

concentrations (0, 0.5, 0.75 and

1 mM) of HgCl2
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haloprimed (nitrate salts primed) seeds. Yaksha et al.

(2011) suggested that putrescine hardened (a kind of

priming) seeds of Brassica showed a good percent of ger-

mination even in the presence of heavy metals. This report

supports this study where the hydro and nitrate primed (a

kind of hardening) seeds showed an ability to overcome the

heavy metal toxicity by improving their percent germina-

tion. An inhibition in the seed germination and growth of

plumule and radicle has been investigated and exhibited by

number of workers regarding many crops with the appli-

cation of HgCl2 (Ling et al. 2010; Lan-fang et al. 2004).

Use of increasing concentration (0.0, 0.50, 0.75, 1 mM) of

HgCl2 decreased radicle length, whereas primed sets

showed more radicle length in comparison to non-primed

one. The use of primed seeds had the capacity to enhance

the radicle length in normal as well as in HgCl2 treated

sets. However, it can be suggested that priming of seeds

can overcome the inhibition of germination and radicle and

plumule growth, even in the presence of phytotoxic metal

like HgCl2. Bose et al. (2008) studied the phytotoxic effect

of HgCl2 on seed germination and seedling growth of

Maize. They also observed that HgCl2 inhibited a-amylase

activity in maize endosperm during germination. However,

this might be the first report where it has been observed that

priming/hardening of wheat seed of variety HUW-468 may

mitigate phytotoxic effect of HgCl2 during germination via

improving a-amylase activity in germinating endosperm.

Ling et al. (2010) reported that the low concentrations of

HgCl2 had short term promoting action on wheat seedling

emergence, which has been also observed in this study; this

type of increase in seedling growth suggests that low

concentration of toxic metal may induce the growth pro-

cess as an eustress, which actually stimulates the internal

metabolic activities for overcoming the low stressful situ-

ation. Yaksha et al. (2011) reported that harden seeds has

better effect on the seedling growth than non hardened

seeds of Brassica spp. Bose et al. (1982) while working

with maize seed germination under the influence of various

nitrogenous salts reported that nitrogenous salts were able

to improve not only the degradation of the stored material

but also it induces the rate of mobilization of degraded

materials towards embryo. The same might be occurring in

the present piece of work where the rate of degradation in

nitrate primed seeds were more which has been realized

from the data of the 48 h of study period and its mobi-

lization might be higher which has been realized from the

study of soluble sugar content at 96 h. Anayatullah and

Bose (2007) also found that nitrate primed seeds improved

the activity of a-amylase enzyme and soluble sugar content

in germinating wheat seeds. However, Bose and Pandey

(2003) reported that Mg(NO3)2 and Ca(NO3)2 both

increased the electrical conductivity (dS m-1) of germi-

nating Okra seeds as compared to distilled water treated

one, and it also improves the activity of nitrate reductase

enzyme in 24 h germinating seed/seedling (Cotyle-

don ? Plumule ? Radicle).They also suggested that the

influx of ions of these salts inside the seed may increase

during soaking (a kind of priming), as a result, the process

of germination becomes fasten which may further over-

come a number of stresses including heavy metal one as

found in the present case. Hence, it may be suggested that

the inhibitory effect of HgCl2 on seed germination and

seedling growth of wheat can be alleviated by hydro and

nitrate salt priming. Molecular mechanism of priming of

nitrate salts verses HgCl2 in respect to stress alleviation can

unveil the study in proper direction.

Conclusion

The study concludes that heavy metal stress, imposed using

varying concentrations of HgCl2 caused a significant

reduction in germination percentage, radical and plumule

lengths and seedling emergence percentage in respect to

control non-stressed wheat seeds. Halo priming of seeds

with Mg(NO3)2 markedly reduced/mitigated the harmful

effects of HgCl2 stress and also improved all the measured

Table 4 Effect of varying concentration of HgCl2 on seedling

emergence (%) of hydro, nitrate salt (halo) primed and non-primed

seeds of wheat variety HUW-468

Treatments Seedling emergence

(%) (6 DAS)
Priming HgCl2

T1 H0 82.00 ± 1.00d,e,f

H1 86.67 ± 4.81c,d

H2 78.67 ± 1.33f,g,h

H3 71.33 ± 0.58i

T2 H0 85.33 ± 0.33c,d,e

H1 88.00 ± 0.58b,c

H2 82.67 ± 2.73c,d,e,f

H3 73.33 ± 1.33 h,i

T3 H0 92.67 ± 0.88a,b

H1 97.33 ± 0.33a

H2 81.33 ± 3.53e,f,g

H3 76.00 ± 0.58 g,h,i

T4 H0 80.00 ± 2.31f,g,h

H1 85.33 ± 1.33c,d,e

H2 78.67 ± 1.33f,g,h

H3 50.67 ± 1.33j

Data presented are means from three replicates with standard errors.

Within each treatment, different letters indicate significant differences

by Duncan’s multiple range test at P\ 0.05

Where: (1) T1, T2,T3 and T4 are non-primed, hydro, Mg(NO3)2 and

Ca(NO3)2 primed seeds, respectively. (2) H0, H1, H2 and H3 are

different concentration (0, 0.5, 0.75 and 1 mM) of HgCl2
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parameters significantly during germination. Effect of seed

priming with Mg(NO3)2 appeared to improve germination

at different period in the presence of HgCl2 may be influ-

encing the rate of metabolism which may also differ with

the changing ratio of heavy metal stress.
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