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The effect of different levels (2, 4, 6, 8 and 10 mg/L) of arsenic (as sodium arsenate and sodium
arsenite) on germination percentage, mean germination time, days to 50% germination, plumule and
radicle length and seedling vigour index of four sunflower cultivars (FH-331, FH-385, FH-405 and FH-
415) was determined under laboratory conditions. Germination percentage was gradually decreased
with the increase in arsenic concentration in case of all sunflower cultivars. Low concentrations (2 and
4 mg/L arsenic) increased while higher concentrations (6, 8 and 10 mg/L arsenic) posed stress and
caused reduction in plumule and radicle length (mm) of seedlings as compared to control. Out of all the
four sunflower cultivars, H1 (FH-331) proved the most sensitive one by giving least values for plumule
length, radicle length and seedling vigour index as observed during the course of this experiment.
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INTRODUCTION

Environmental pollution has been proved to be one of by-
products of industrial revolution and modern technology
strengthened by over population and mismanagement of
resources. All metals are natural constituents of our
environment and some of them are essentially required
as micro-nutrients (Taiz and Zeiger, 2006). Arsenic (As) a
ubiquitous, carcinogenic trace metalloid (Pigna et al.,
2009) found in virtually all environmental media (Fitz and
Wenzel, 2002). Arsenic exists in the environment in
various organic and inorganic forms (species) (Mandal et
al., 2011). The most important inorganic species are
arsenate (As>") and arsenite (As>). Its toxicity to plants
depends on its valence state. Due to greater cellular
uptake, As™ is 60 times more soluble, mobile and toxic
than As> (Giri and Patel, 2012). Arsenic concentration

varies in the environment, from less than 1 mg/kg to as
high as 100,000 mg/kg in soil (Liu et al., 2002) and one in
every 60 people on the planet is living in an area where
50 pg/L or above of arsenic is in ground water (Tibbetts,
2000).

Arsenic contamination may be greater in soils naturally
or by human activities through the use of various
arsenical pesticides, wood preservatives, industrial
wastes and growth promoters for plants and animals
(Williams et al., 2005). Irrigation through As-laden ground
water in Asia also causes bioaccumulation of As (Dittmar
et al., 2010). To evaluate the possible health risk to
humans consuming crops irrigated with As contaminated
water, information is needed regarding the soil-to-plant
transportation of As and to minimize the accumulation of
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As in plants consumed directly by humans, farm animals
or wildlife (Meharg and Hartley-Whitaker, 2002).

In plants, arsenic is accumulated according to tolerance
(Zhong et al., 2011) mainly in the root system, to various
degrees in the above ground organs, depending upon its
translocation (Mei et al., 2012). The metal tolerance
potential of different plant species varies greatly between
different species as well as among different genotypes of
a same species (Ahmad et al., 2009). Large number of
studies indicated that low concentrations of As stimulated
the growth of plants but excessive As did harm to plants
(Han et al., 2003). Seed germination and seedling growth
of wheat were stimulated at low and inhibited at high (5 to
20 mg/kg soil) arsenic concentrations (Zhang et al.,
2002).

Sunflower (Helianthus annuus L.) being one of newly
added crop to human food chain, is cultivated in Pakistan
on 32539 ha with average yield of 816.4 kg per ha and
average annual production of 612530 tones (GOP, 2012)
fulfils the cooking oil requirements of the country
population along with other oil-seed crops. The objective
of this study was to evaluate the intra-specific/cultivar
comparisons for arsenic tolerance in four sunflower
hybrids at the seed germination stage which is
considered more vulnerable to any stress than latter
growth stages of most plant species.

MATERIALS AND METHODS
Seeds and metal salts

Dry, healthy and uniform sized achenes (seeds) of four sunflower
cultivars viz. FH-331, FH-385, FH-405 and FH-415 were collected
from the Oil Seed Department of Ayub Agriculture Research
Institute (AARI) Faisalabad, Pakistan. Seeds were surface sterilized
using 5% sodium hypochlorite solution for five minutes and rinsed
thrice with distilled water to prevent any kind of fungal
contamination. Two salts of arsenic viz. sodium arsenate
(NazHAsO,4.7H,0) and sodium arsenite (NaAsO,) of Sigma Aldrich,
Japan, were used for arsenic treatments application. Twenty seeds
were placed in each Petri plate of 9 cm diameter lined with double
layered filter paper (Whattman No. 2).

Treatments application

Five levels (2, 4, 6, 8 and 10 mg/L) of both arsenic salts, sodium
arsenate (NaxHAsO,.7H,0) and sodium arsenite (NaAsO;) were
formulated in Hoagland’s nutrient solution for the treatment
application and one without any arsenic application was considered
as control which were provided only nutrient solution. Freshly
prepared 10 ml of treatment solution was applied to respective
petriplate after wasting the previous solution daily. The petriplates
were kept in climatic room under controlled conditions of
temperature (25 °C * 2 °C), relative humidity (65%) and continuous
white fluorescent light (PAR 300 pmol m? s™). Number of
germinated seeds was counted daily and data were recorded after
every 12 h for fourteen days regularly. A seed was considered as
germinated when 5 mm of radicle had emerged out of seed coat.
Following seed germination parameters were recorded.
Germination percentage was measured according to the formula
given by Tanveer et al. (2010).
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Germination percentage = (Germinated seeds + Total seeds) x 100

Mean germination time was calculated in days according to the
equation given by Dezfuli et al. (2008).

MGT= ¥Dn + ¥n

Where n is the number of seeds germinated on day D, and D is
number of days counted from the beginning of germination.

The time to 50% germination (Tsg) was calculated according to
the following formula modified by Farooq et al. (2005; 2006).

Teo = ti + [{(N/2) — ni}(j — ti)] = (nj — ni)

Where N is the final number of germinated seeds and ni, nj are
cumulative number of seeds germinated by adjacent counts at
times ti and tj where ni< N/2 <nj.

Total germinated seeds were collected after fourteen days and
plumule and radicle were carefully detached for the estimation of
plumule length and radicle length in milli meters with the help of a
scale. Vigour index for seedling was calculated as the formula given
by Cokkizgin and Cokkizgin (2010).

Seedling vigour index (SVI) = [MPL + MRL] x GP

Where MPL = Mean plumule length, MRL = mean radicle length,
GP = germination percentage. Experiment was laid out in
completely randomized design (CRD) with three replicates. The
data regarding all seed germination parameters was subjected to a
two-way analysis of variance (ANOVA) with the help of COSTAT
computer software (Cohort software, 2003, Monterey, California)
and to compare significance of interaction means, least significance
difference values (LSD) were also calculated.

RESULTS AND DISCUSSION

Two way analysis of variance (ANOVA) for all parameters
revealed significant differences for sunflower hybrids,
different treatments (except for Mean Germination Time)
and interaction of hybrids and treatments for both sodium
arsenate and sodium arsenite used for arsenic
treatments application (Table 1).

Germination Percentage (G %age)

Highly significant differences were found among different
arsenic treatments and sunflower hybrids (Table 1) for
germination percentage. Considerable decrease in
germination percentage was recorded with increasing
level of arsenic in all the four sunflower cultivars used in
this experiment as stated by Ahmad et al. (2009) that
higher concentrations of heavy metals suppresses the
seed germination parameters. Out of different treatments
T5 (10 mg/L As) affected most severely to all seed
germination parameters studied. Sodium arsenite posed
more stress on germination percentage, as inorganic
As" is more toxic than As") (Winkel et al., 2008) and
least value (55%) was calculated in treatment with 10
mg/L arsenic applied as sodium arsenite (Figure 1 and
Table 2), whereas with same concentration of sodium
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Table 1. Two way analysis of variance (ANOVA) for germination percentage (G %age), mean germination time (MGT), time to 50% germination (T50), plumule length (PI L), radicle
length (RI L) and seedling vigour index (SVI) of sunflower cultivars.

Mean square

Germination percentage MGT T50 PIL RIL SVI
Source DF Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium

arsenate arsenite arsenate arsenite arsenate arsenite = arsenate  arsenite = arsenate  arsenite arsenate arsenite
Hybrids (H) 3 497.22** 536.11* 33.93** 26.39** 10.04** 17.41* 307.90*  467.41** | 44156  491.76* 7533128** 8406116.4**
Treatments (T) 5 554.72** 2064.72** 0.720s 1.16ns 1.21% 1.13ns 75.22** 137.91* 90.70** 139.52** | 4639275.5** 9274712**
H x T Interaction 15 170.83** 181.94** 1.02** 0.54rs 1.04* 1.13* 13.97* 7.12ns 15.93* 12.621s 770738.76** 628847.1ns
Error 48 53.12 68.75 0.41 0.49 0.31 0.53 5.53 6.48 5.25 9.88 264354.51 340110.31
CV (%) Mean 8.631 10.85 12.825 14.96 13.338 16.92 12.207 12.68 9.909 13.39 14.402 17.33

84.44 76.39 5.023 4.68 4158 4.29 19.274 20.07 23.13 23.47 3569.96 3365.39

Significance Level: 0.05, ** Highly significant, ™ Non significant.

B arsenate

arsenite B arsenite

\) r
7

Figure 1. Effect of arsenicals on germination percentage (G %age) of sunflower.
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Table 2. Means of arsenical (sodium arsenate and sodium arsenite) treatments for all parameters.
Germination percentage MGT T50 PI L SVI
Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium
Treatments . . . . . .
arsenate arsenite arsenate arsenite arsenate arsenite arsenate arsenite arsenate arsenite arsenate arsenite
T0- Control 92.082 92.082 5.022b 5.022 4.502 4 .50ab 17.61¢ 17.62¢ 22.5¢ 22.50 3670.5 3670.5
T1-2 mg/L 902 84.16° 5.20% 4.63a 4,23 3.97v 19.55bc 22972 23.580c 26.532 3908.672 4155.32
T2- 4 mg/L 87.08e0 82.50c 4.76% 4.16b 3.73¢ 3.96° 22.942 23.072 26.622 25.062b 4296.962 4098.6220
T3-6 mg/L 82.50 75.83¢ 4.68° 4.62ab 4.01be 4373 21.1ab 21.962b 25.112b 25.112b 3732.25b¢ 3533.96¢
T4- 8 mg/L 81.67° 68.75¢ 5.28 4 .65 3.94pbc 4.19ab 18.48¢d 20.25b 22.37¢ 22.81b 3336.33¢ 2909.04¢4
T5- 10 mg/L 73.33¢ 55e 5.18eb 4,982 4522 4.742 15.94¢ 14.564 18.61d 17.47¢ 2475.08¢ 1824.92¢
LSD 5.98 6.81 0.52 0.57 0.37 0.59 1.93 2.08 1.88 2.58 422.04 478.70
Different letters indicate significant differences at 0.05 levels.
Table 3. Means of sunflower cultivars for all parameters
Germination percentage MGT T50 Pl L Rd L SVI
Sunflower Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium Sodium
hybrids arsenate arsenite arsenate arsenite arsenate arsenite arsenate arsenite arsenate arsenite arsenate arsenite
H1: FH-331 90.562 75.83° 6.672 6.312 4.41p 5.54a 13.2¢ 13.654 15.88¢ 17.01¢ 2639.83¢ 2415.36¢
H2: FH-385 83.06° 71.67° 3.46¢ 3.61¢ 3.11c 3.31c 22.152 22.95b 26.942 27.352 4120.312 3623.830
H3: FH-405 78.06° 73.89° 4.47¢ 3.94¢c 4,240 3.74¢ 21.59ab 25172 25.37° 28.072 3672.17° 4021.442
H4: FH-415 86.11a0 84.162 548> 4.86° 4.88 4.56° 20.15> 18.51¢ 24.35b 21.45> 3847.562 3400.94p
LSD 4.89 5.56 0.43 0.47 0.3 0.48 1.58 1.71 1.54 2.1 344.59 390.86
Different letters represent significant difference at 0.05 levels.
arsenate 73.33% germination percentage value while  with  sodium arsenite  germination percentage parameter.
was recorded. Maximum value (92.08%) was percentage was reduced to 75.83%. The

noted in control which was devoid of any arsenic
application. Sunflower hybrid type H1 (FH-331)
showed best germination percentage with 90.56%
when arsenic was applied as sodium arsenate

minimum germination percentage 71.56% was
recorded in FH-385(H2). Achenes of H4 (FH-415)
responded in a same way (Table 3) with both
kinds of arsenic salts in case of germination

Mean germination time (MGT)

Two way analysis of variance (ANOVA) revealed
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Figure 2. Effect of arsenicals on mean germination time of sunflower.

significant differences for different hybrids in case of both
salts of arsenic but there were non-significant differences
for various treatments (Table 1 and Figure 2) whereas
interaction of hybrids into treatments revealed significant
differences for sodium arsenate while non-significant
differences for sodium arsenite. Achenes or seeds
belonging to treatment T4 (8 mg/L arsenic) showed
maximum value (5.28) for mean germination time (MGT)
as in Table 2, while out of different cultivars H2 (FH-385)
showed minimum MGT value (3.46) and H1(FH-331)
showed maximum MGT value (6.67). Both of arsenic
salts showed similar effects on mean germination time for
sunflower seeds (Tables 2 and 3) as low doses caused
the seeds to germinate early as compared to control
while high concentration of arsenic salts caused a little bit
delay in germination of sunflower seeds (Gulz et al.,
2005) with higher MGT value.

Time to 50% germination (Tsp)

Significant differences were found for different sunflower
hybrids/cultivars in case of both sodium salts of arsenic
whereas in case of treatments of arsenic, sodium
arsenite treatments showed non-significant differences.
The interaction between treatments and hybrids also
showed significant differences (Table 1). Out of different
treatments TO (control) showed same value (4.50 days)
as time to 50% germination for both of salts used.
Treatment T2 (4 mg/L arsenic) of sodium arsenate gave
the least value for days to 50% germination (Table 2 and
Figure 3) which shows that low concentration of arsenic
boasts up the rate of seed germination (Cheng et al.,
2006) but high concentration of arsenic 10 mg/L arsenic

in both forms of arsenic slows down the rate of seed
germination (Li et al., 2007) by giving maximum value
(452 and 4.74 for sodium arsenate and arsenite,
respectively) for days to 50% germination.

Plumule length (mm)

Different sunflower hybrids and various treatments of
arsenic as well as interaction of hybrid into treatments
showed significant differences except the interaction
value in case of sodium arsenite application as inferred
from the analysis of variance (Table 1). Treatment means
showed the maximum value (23.07 mm) in case of T2 (4
mg/L arsenic) using sodium arsenite (Table 2 and Figure
4) which is 130.9% of control (17.62 mm). This reveals
that low concentrations of arsenic increase the seedling
growth up-to certain limit but after that more increase in
concentration inhibits the seedling growth (Liu and
Zhang, 2007; Geng et al., 2006) as least value (14.56
mm) was recorded in highest concentration (10 mg/L) of
sodium arsenite. Sunflower cultivars behaved differently
(Table 3) in case of plumule length as out of different
sunflower cultivars H3 (FH-405) gave maximum plumule
length (25.17 mm) whereas least value (13.2 mm) was
observed in H1 (FH-331).

Radicle length (mm)

All the sunflower hybrids and different treatments of
arsenic showed significant differences except for the
treatment into hybrid interaction values which showed
non-significant differences for sodium arsenite (Table 1).
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Figure 3. Effect of arsenicals on time to 50% germination of sunflower.
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Figure 4. Effect of arsenicals on plumule length of sunflower.

Highest mean value (26.62 mm) of radicle length was
recorded in case of T2 (4 mg/L arsenic) as sodium
arsenate while the least value (17.47 mm) was observed
in case of T5 (10 mg/L arsenic) as sodium arsenite
(Table 2, Figure 5), proving that in low concentration
arsenic promotes the seed germination but high
concentrations of metal inhibits the growth of seedling by
suppressing root or radicle growth (Lux et al., 2011). Out
of different sunflower cultivars (Table 3) used in this
experiment H3 (FH-405) gave maximum radical length

(28.07 mm) while H1 (FH-415) gave least value (15.88
mm).

Seedling vigour index (SVI)

Highly significant differences were given by two way
analysis of variance (ANOVA) for sunflower cultivars and
different arsenic treatments as well as interaction of
hybrids into treatments except for interaction value in
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Figure 5. Effect of arsenicals on radicle length of sunflower achenes.
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Figure 6. Effect of arsenicals on seedling vigour index (SVI) of sunflower.

case of sodium arsenite which showed non-significant
differences (Table 1). Maximum SVI value (4296.96) for
treatment means was recorded in case of T2 (4 mg/L
arsenic) using sodium arsenate while T10 (10 mg/L
arsenic) using sodium arsenite gave least value
(1824.92) as shown in Table 2. Out of different sunflower
cultivars, H2 (FH-385) gave highest SVI value (4120.31)
while H1 (FH-331) gave least value (2415.36) of seedling
vigour index (Table 3 and Figure 6).

Conclusion

It can be concluded that arsenic is non-essential to plants
and higher concentrations (6, 8 and 10 mg/L arsenic) of

both inorganic arsenicals (arsenate as well as arsenite)
posed a stress over all germination parameters observed
during seed germination of four different sunflower
cultivars, but arsenite (As®") posed more stressful effects
than that of arsenate (As™") contamination. Low
concentrations (2 and 4 mg/L arsenic), of both of
arsenicals caused increase in plumule and radicle
lengths of sunflower seedlings, as compared to control.
Gradual decrease in germination percentage was
observed with the increase in arsenic concentrations of
both arsenic forms in case of all sunflower hybrids. H1
(FH-331) proved to be most sensitive for arsenic
application by giving least values for plumule length,
radicle length and seedling vigour index. Best seedling
vigour index was recorded in sunflower -cultivar



H2 (FH-385), showing a little bit resistance to arsenic
contamination.
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