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Abstract Low temperatures during germination and early emergence of
seedlings may constitute a limitation of maize vyield, this being a deficiency in
early spring cultivation. Seed priming is an efficient method for improvement
of germination and seedling growth and also adaptation of abiotic stress
factors during germination, and provides faster and synchronous seedling
emergence. The effects of different priming treatments on germination
parameters of maize seeds under different temperatures (5°C, 10°C, 15°C,
27°C, 35°C) were investigated. Seeds of maize cultivar were primed in
different concentration of salicylic acid, calcium chloride and boric acid
solutions and water. From the results obtained it has been observed that
seeds exposure to temperatures of 5°C and 10°C of all treatments studied did
not initiate germination after 7 days, and even after 14 days. All of the priming
treatments applied seeds have been effective in attenuation the effects of
temperature 15°C, inducing early germination. Results indicated that the best
priming treatments for maize seeds were with salicylic acids followed by
calcium chloride. Immersion of seeds with boric acid inhibit germination at
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15°C and has weak effect on seed germination at 27°C and 35 °C.

Maize (Zea mays L.) is the most widely grown cereal
crop in the world and is an important crop in sustaining
human life or as feed commodity, as well as significant
bioethanol energy resource [18]. Pedo-climatic and
agronomic factors, such as soil moisture, temperature
extremities, soil salinity poor seed bed preparation,
weed competition, low seed quality, and disease
pressure adversely can be affecting the germination
and emergence of maize seed and establishment of
crop.

Maize sowing in early spring are often subjected to
temperature below the optimal range of 20°C to 25°C.
Low temperature stress during germination and early
seedling growth is an important constraint for
production of maize and can determine delay
germination, low seedling growth vigour and reduced
yield. Thus identify and development of maize
cultivars tolerant to cold temperatures in early growth
stages is essential for high and stable yield. This can
be achieved by choosing the appropriate period for
sowing, which must be carried out in order to ensure
that the termal load is sufficient to reach the
reproductive stage during a period of favourable
climatic conditions, and maximum incidence of solar
radiation [7].

To reduce time of germination a way is soaking or
immersion of seeds (priming) in water or different
substance to accelerate germination and emergence of
seedlings. Seed priming is a pre-sowing treatment

which controls the hydration level of seed and the
metabolic activity in seeds improved germination rate
and uniformity [3,4,6,17]. Seed priming has been
reported to improve germination, reduce germination
time, and improve stand establishment, increase
seedling emergence, earlier flowering, earlier maturing
and higher yield in many crops [3,8,10,11,16,19].
There is a lot of information available on the role of
priming treatments of maize seeds and posibile
physiological processes that lead to the benefits
[1,2,9,12,18,19,20, 26].

The present study was carried out to investigate the
effect of seed priming with salicylic acid, calcium
chloride and boric acid solutions of different
concentrations at different temperatures on germination
parameters.

Materials and Methods

Seeds of hybrid maize P9486 were used as biological
material with initial moisture contents of 12.5%.

Maize seeds were primed in flask using two different
concentrations of salicylic acids (SA) solution (50 and
100 mg/ L) corresponding V1 and V2 variants, two
different concentrations of CaCl, (1% and 3%) solution
corresponding to V3 and V4 variants and two
concentration of boric acid (2% and 3%) solution
corresponding to V5 and V6 variants. The untreated
dry seeds were used as control (M) and seed treated
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with distilled water (hydropriming) corresponded
variant A. For priming, maize seeds were soaked in
solutions for 20 h at room temperature (25°C). The
ratio of seed weight to solution volume was 1:5 (w/v).
After each treatment, seeds were rinsed thoroughly
with distilled water, spread on thin layer of filter paper
and dried back closer to original weight. Three
replicates, each of 15 seeds, were germinated in petri
dishes 9 cm diameter on Whatman filter paper.

Just enough distilled water (3 ml) to moisten the filter
paper was provided initially. Moisture level was
checked daily and topped-up as necessary, 5 ml
distilled water was added to maintain sufficient
moisture for germination. Seeds were incubated at
different temperatures (5°C, 10°C, 15°C, 27°C, 35°C)
in incubator. Germination was considered to have
occurred when the radicles were half of the seed length.
The number of germinated seeds was evaluated daily,
for 7 days. Seed germination parameters, such as

percentage of maximum  germination, mean
germination time and germination index were
calculated.

Mean germination time (MGT) was calculated
according to the following formula: MGT= X(NiDi)/T;
where T is total number of seeds germinated, Ni is the
number of seeds germinated on day and D; is the
number of days after experiment initiation [23].

Final germination was calculated in percentage after 7
days using the following formula:

% Germination =total number of seeds germinated
/Number of total seeds x 100

Germination index: The germination index (GI) was
calculated by following formula (AOSA, 1983): GI
=%(Ni/Di );Ni is number of germinated seeds/days of
first count + -- +Number of germinated seeds/days of
final count; Di is the number of days after experiment
initiation.

Results and Discussions
In order to ascertain the effect of seed priming in
alleviating the adverse effects of temperature stress,

different methods were used hydropriming (with water),
osmopriming (with CaCl,) and hormonal priming (with
salicylic acid) and nutrient priming (with boric acid).
Germination of maize seed was influenced
significantly by priming methods, temperature and
solutions concentration.

From the results obtained it was observed that the
exposure at the temperatures of 5°C and 10°C of the
seeds of all the variants under study did not initiate the
germination neither after 7 days nor after 14 days. Also,
the untreated (M) seed did not germinate at 15°C and
35°C. Similar findings were reported by Janowiak [15]
which supported that at temperatures under 10°C,
maize seed germination is badly affected. Negative
influence of low temperatures on seed germination
parameters has been reported by Nascimento, [21] in
different plant species.

All priming variants applied to the seeds were effective
in alleviating the effects of the temperature of 15°C,
inducing early germination. The results in table 1
showed that both hydropriming and different
concentration of salicylic acid caused significant
increase in seeds germination percentage compared
with control treatment.

Maize seeds priming with 100 mg /L salicylic acid (V2)
germinated at 100% at 15°C. However, this
concentration at 27°C resulted in 98.1% germination
and 93.7% germination at 35 ° C. It can be observed
that the salicylic acid concentration of variant V2 had a
higher efficiency than that of variant V1(50 mg /L) on
germination of maize seeds. The use of 50 mg /L
salicylic acid improves the percent of germination
compared to hydropriming, but the degree of
improvement is lower than the other (100 mg /L)
salicylic acid concentration. Positive effects of priming
with SA on seed maize germination under cool
temperature are also confirmed by the studies of Afzal,
[1]. In another study, Farooq [12] found that seed
priming with SA improve the germination of maize at
low temperature.

Table 1
Influence of different seed priming treatments and different temperatures on maize seed germination percentage
Seed priming treatments Final germination percentage (%)
Temperature
5°C 10°C 15°C 27°C 35°C
Control untreated (M) - - - 15 -
Hydropriming (4) - - 95.1 98 86.6
Salycilic acid 50mg/L(V1) - - 98.25 93.3 87
Salycilic acid 100mg/L(V2) | - - 100 98.1 93.7
CaCl, 1% (V3) - - 90 86 93.4
CaCl, 3% (V4) - - 66.6 55.3 75
H; BO; 2 % (V5) - - - 45 60
H; BO; 3 % (V6) - - - 7 15
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Priming of seeds in 1% CaCl, solution resulted in a
seed germination percentage of 90% at 15°C, followed
by a germination percentage of 93.4% at 35 °C and
then 86% of the seeds at 27°C (table 1). Seed primed
with Ca Cl, has been found to improve -chilling
tolerance in hybrid maize [12].

Maize seeds primed in the boric acid solution 2% and
3% did not germinated at 5°C, 10°C and 15°C and low
germination at 27°C and medium germination at 35°C
(table 1). Low germination probability happened
because of the high concentration of boric acid. It is
known that boron is involved in various cellular
processes such as cell division, and may therefore
interfere in germination, considering that this involves
division and cell elongation [4].

Some experiments shown that rice primed in boric acid
solution (0.5%) did not germinate [22] and boric acid
solution (2 to 20mM) had germination suppressing
effect in wheat and barley [25] and also were unable
emerge. Also, some studies on oats seed priming with
0.02% solution of H; BOs; had no marked effect on
seed germination and no improvement in the
performance of seeds. However, the studies of Farooq
[13] have shown that seed priming in 0.001% and
0.01% H3;BO; solution improve substantially
germination and stand establishment of rice. Also,
improvement of germination percent and early
seedlings emergence was observed at papaya seeds
primed with 2mg/L boric acid [8].

o ‘/
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CaCl,

hydropriming

Unpriming

Fig.1 Influence of different priming treatments at low temperature (15 °C) on the percentage germination of maize
seed

consequence of breakdown of dormancy in fresh seeds.
Alternatively, the earlier and synchronized germination
might be attributed to enhanced metabolic activities in
treated seeds [24].

Low germination or poor germination of seeds at low
temperatures can be attributed to reduced water
absorption, low cell respiration, or increased levels of
reactive oxygen species. Enhance in germination
percentage after priming treatment might be the

-
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Fig.2 Influence of different priming treatments at high temperature (35 °C) on the percentage germination of maize
seed

Many previous studies on maize [1,5,14], sunflower
[10] have reported the enhanced germination and
seedling growth under low temperature through
priming of seeds.

The highest germination was recorded when primed
seeds with salycilic acid followed by CaCl,, hydro-
priming, and the lowest germination was noticed from
boric acid and nonprime seed.
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Table 2

Influence of different seed priming treatments and different temperatures on maize seed mean germination time

Seed priming treatments Mean germination time(MGT)
Temperature
5°C 10°C 15°C 27°C 35°C
Control untreated (M) - - - 7 -
Hydropriming (A) - - 6 4.4 3.5
Salycilic acid 50mg/L(V1) - - 3.3 3 2
Salycilic acid 100mg/L(V2) | - - 3.1 3 2
CaCl, 1% (V3) - - 3.8 3.1 2.8
CaCl, 3% (V4) - - 3.5 3 3
H; BO; 2 % (V5) - - - 8.5 7
H; BO; 3 % (V6) - - - 8.6 7
The mean germination time (MGT) varied significantly References

due to priming treatment (table2). Earlier germination
was observed in primed seeds compared with those of
unprimed and  hydropriming. Average mean
germination time was lower (3 day) in primed seeds
than that of non- primed seeds (7 day). Seed primed in
salicylic acid and calcium chloride took minimum time
to germinate 3 days at 15°C, 27°C and 35°C while time
for unprimed seeds was more 8 days for 15°C and
35°C and 7 days at 27°C. These results are similar to
those presented by Canak [5] who found an
improvement in the germination rate of seed resulting
from a pre-germinated treatment using KNO; 0.5%.
Seed priming with SA 100mg/L induced highest
increase in the germination index. Kumari [18]
reported that maize seeds primed with salicylic acid
and calcium chloride recorded significantly highest
germination index as compared to control.

Conclusions

Seed priming with different concentrations of different
compound can be successfully used to improve the
germination of maize seeds.

The results indicated that priming treatments with
salicylic acid is considered the best treatment for maize
seed germination at 15°C.

Seeds primed with boric acid did not germinate at
5°C,10°C,15°C temperatures and at 27°C and 35°C
have shown poor germination.

The results revealed that SA and CaCl, priming were
more effective under low temperature than all other
seed priming treatments in maize seeds.

Seed priming treatments decreased seed MGT and
increase germination index compared with unprimed
and hydroprimed treatments.
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