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Abstract

High quality and vigorous seeds perform better physiological activities, and therefore play a key role in successful
field crop production. This experiment was conducted to evaluate the effects of mother plant NPK nutrition on
seed physiological activity and biochemical changes during seed germination in wheat. In this study three levels
of NPK fertilizers (T:: non-fertilized or control, T2: 110 kg N + 60 kg P05 + 55 kg K-0O ha, and T3: 200 kg N +
120 kg P-Os5 + 100 kg K-0 ha) were applied to the wheat plants and the seeds which were obtained from these
plants were kept for germination test, and the physiological parameters were analyzed. The results indicated that
mother plant NPK nutrition has significantly enhanced seed germination percentage, seedling fresh weight,
soluble protein, phytase activity and inorganic P, and accelerated phytate metabolism during the germination
period. Phytase activity was maximum on 6 day of germination and phytase level was increased by 10.4% in
seeds obtained from Tj treated plants compared to Ti. At the end of 7 days from germination the contents of
inorganic P and soluble protein were increased by 91.7 and 41.0% with Tstreatment compared to Ti, respectively.
Phytate breakdown resulted in increased inorganic P (4.6-fold) bioavailability on 7% day of germination
compared to 0-day. From the results of this study, it can be concluded that seed viability and physiological

performance of seedlings can be improved with adequate NPK fertilization of the mother plants in wheat.
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Introduction

Chemical fertilizers play a vital role in increasing yield
and improving the quality of crops. Nitrogen (N) is
actively involved in many metabolic processes making
a direct contribution to increasing productivity and
improving crop yields (Barker and Pilbeam, 2007). N
is a constituent of many fundamental cell components
such as nucleic acids, amino acids, enzymes, and
photosynthetic pigments (Bungard et al., 1999).
Phosphorus (P) is an essential component of most
organic compounds in the plant including nucleic
acids, proteins, phospholipids, sugar phosphates,
enzymes and energy-rich phosphate compounds, such
as adenosine triphosphate (Sylvia et al., 2005; Brady
and Weil, 2008). Application of P improves crop
quality by increasing sugar, protein and P content,
and improving feed value in wheat (Havlin et al,
2005; Karl et al., 2013). Potassium (K) plays a key
role in regulation of metabolic processes such as
photosynthesis; activation of enzymes that metabolize
carbohydrates for synthesis of amino acids and
proteins; facilitation of cell division and growth by
helping to move starches and sugars between plant
parts. It is reported that K stands out as a cation
having a considerable influence on quality attributes,
and the concentration of critically important human-
health

compounds (Jifon and Lester, 2009; Lester et al.,

associated phyto-nutrients or bioactive

2010).

Production of high quality and vigorous seed is
essential for the precise and effective agronomic
practices. Utilization of high quality seed decreases
the cost of production by reducing the seed rate and
input wastage. High seed germination, seedling
growth and physiological activity contributes for a
better crop establishment in different soils, even
under challenging environments. Therefore, this
study was conducted to evaluate the effects of mother
plant NPK nutrition on seed germination and
physiological performance of the second-generation

seedlings in wheat.

Materials and methods
Wheat cultivar Minaminokaori was grown in a

greenhouse of the Faculty of Applied Biological

Sciences, Hiroshima University. Wooden containers
were used and filled with a mixture of regosol and
nursery soil compost (2:1 v/v). This study comprised
a control where no fertilizer was applied (T1), and two
levels of NPK fertilizer: T= (110 kg N + 60 kg P-O5 + 55
kg K-0 ha?), and T3 (200 kg N + 120 kg P-O5 + 100 kg
K20 ha™). The source of NPK was urea, single super
phosphate, and potassium chloride, respectively. All
P, K and half dose of N were applied before sowing,
and the remaining N was applied in two equal splits
at tillering and anthesis stages. Wheat seeds were
sown in the third week of November, then 10-day-old
seedlings were transplanted into the containers with
10 cm distance, following a randomized complete
block design with 4 replicates. All the recommended
agronomic practices were followed for raising the
crops during the experiment. Wheat plants were
harvested after full maturity, and their seeds were
used for germination test, soluble protein assay and

phytase activity analysis.

Treatment and growth condition

To determine the effect of mother plant NPK
fertilization on growth and physiological performance
of the second generation, 200 seeds of 4 replicates
were planted on germination wetted papers (top of
paper method) and placed in a germinator at 23 °C for
7 days. The samples were taken every day, frozen with
liquid N and stored under -80 °C. The data on phytase
activity, phytate content, inorganic P and soluble

protein content were recorded daily.

Germination test

Normal seedlings were counted on 7t day of
germination and the result was expressed in percent.
Seedlings were harvested on 7% day of germination
and fresh weight was recorded and expressed as total

fresh weight per plant.

Determination of phytase activity and soluble
protein

In order to measure phytase activity, fresh samples
were ground with liquid nitrogen, transferred to
Erlenmeyer flasks, and buffer solution (Na-Phytate +
Sodium acetate) was added. Then the samples were
shaken for 30 minutes at 37 °C. Subsequently, aliquot
of the sample was transferred to two sets of plastic

tubes and placed in water bath at 37 °C.
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The Phytase activity was stopped by adding
Trichloroacetic acid (TCA) to the first set of test tubes
to act as a control, then TCA was added to the second
set of test tubes after 30 minutes to stop enzyme
activity. The test tubes were centrifuged, then
supernatant was transferred to new test tubes, and
reagent solution (Ammonium Molybdate + Ferrous
Sulfate Heptahydrate) were added. The absorbance
was measured colorimetrically at 700 nm against
control. Soluble protein was assayed using protein
reagent G250 (Coomassie brilliant Blue G 250) as per
method suggested by Bradford 1976. The absorbance
at 595 nm was read on a UV-Spectrophotometer (U-
3310, Hitachi Co. Ltd. Tokyo, Japan).

Determination of seedling phytate and inorganic P

Phytate was measured according to the method
suggested by Raboy and Dickinson (1984), aliquots of
flour were extracted in extraction media (0.2 M HCI:
10 % NaS0,) overnight at 4 °C with shaking. Extracts
were centrifuged, and phytate was obtained as a ferric
precipitate and assayed for P using ammonium
Molybdate
Phosphorus (Pi) was extracted in TCA (12.5%) +

reaction reagent. Grain inorganic
MgCl2 (2 mmol/l) while stirring overnight, and Pi

was measured  colorimetrically, using a

spectrophotometer  following the molybdenum

reaction regent method (Raboy and Dickinson, 1984).

Statistical analysis

All the collected data were subjected to analysis of
variance using IBM SPSS statistics package, Version
22, and means (n = 4) were separated using the

Duncan Multiple Range Test at probability of 0.05.

Results

The final count of normal seedlings on the 7t day of
germination showed that seedlings which were
produced by seeds fromTsand T treated plants
recorded a higher germination percentage compared
to T (Fig. 1). The seedling fresh weight was higher in
both T3 and T- treated seedlings over the control (Ty)

on the 7t day of germination.

However, T3 treatment produced a slightly higher
fresh weight but the mean value did not differ from T»

significantly (Fig. 2).

Germination resulted in a significant increase in the
phytase activity of both NPK-fertilized and control
(T.) seedlings. A lower phytase activity was recorded

in 0-day seeds before germination.

The level of phytase activity was highest on the 6t day
of germination and the phytase level was recorded as
being higher in T3 and T- seedlings compared to T:
(Table 1). Germination enhanced the phytase level by
3.22-fold, 3.38-fold and 4.25-fold in T3, T2, and Ty,
respectively, on the 6t day of germination compared

to o-day.

The phytate content of the seeds declined during the
germination period significantly. The highest phytate
content was recorded in the seeds of Ts, followed by

T- and T:treated plants before germination (0-day).

The lowest phytate was observed in T, followed by T-
and T; seedlings on the 7t day of germination. At the
end of the 7% day from germination, the phytate
content was decreased by 2.31-fold, 2.01-fold and
2.43-fold for T;, T2, and T: compared to o-day,
respectively (Table 1).

Seed germination enhanced the phytase activity and
resulted in bioavailability of inorganic P (Pi). There
was a liner increase in Pi content with increasein the

time of germination (Table 1).

The highest Pi was recorded in T; (2.09 mg g* dry
weight), followed by T: (2.03 mg g* dry weight),
andT: (1.73 mg g* dry weight) on the 7 day of
germination, while the lowest Pi was observed in T:

before germination (0-day).

Soluble protein content of seeds was increased during
the germination period and was maximum on 7t day

of germination (Table 1).
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Table 1. Effect of mother plant NPK nutrition on phytase activity, phytate, inorganic P, and soluble protein

content of wheat seeds during germination. The same letters are not significantly different at the 0.05 probability

level.
Days of Germination NPK levels Phytase (Ug?)  Phytate (mgg?) Inorganic P Soluble protein
(mg g™ (mg g™)
0o T, 0.99! 3.14bc 0.25™ 26.06!
T- 1.31 3.524b 0.37m 26.90!
Ts 1.45h 3.862 0.45m 28.38K
1 T, 2.18h 2.56¢d 0.36m 28.91K
T 2.47gh 2.80¢d 0.44m 37.141k
T 2.83f8 3.12bc 0.48KkIm 40.621
2 T, 2.85 2.31defg 0.56K 33.24
T- 3.00¢f 2.54def 0.65K 43.07k
T; 3.52d 2.79« 0.73ik 45.17
3 T 3.39def 2.15¢fgh 0.86hi 59.01h
T. 3.74bcd 2.36defg 0.96gh 67.378h
Ty 4.02abe 2.58¢d 1.03f8h 68.118"
4 T, 3.70¢de 1.918hij 1.14¢ 71.028
T. 4.013bc 2.084defg 1.25¢f 84.01f
T3 4.31abc 2'32defg 1.35de 85'99ef
5 T 4.002be 1.78hij 1.40¢de 83.69f
T- 4.412b 1.928hij 1.5Qbed 94.554¢
Ts 4.612 2.13¢fgh 1.67b¢ 99.29d
6 T 4.222bc 1.62ik 1.65¢ 97.254
T- 4.43% 1.77hi 1.83% 120.36P
Ty 4.662 1.98fehi 1.882 128.11b
7 T, 3.52de 1.20k 1.73b 107.75¢
T. 3.98¢abe 1.50%k 2.032 147.412
Ty 3.99abe 1.671 2.092 150.822

A significant difference was observed between the
treatments from 4% day until the end of germination
period (7 day). T; treatment resulted ina higher
soluble protein content (40.0%) compared to T:

(control) on 7t day of germination.

Discussion

Mother plant NPK nutrition improved the seed
germination, seedling growth, and physiological
performance. High nutrient reserves in seeds
produced by NPK fertilized plants might be the
reason for better physiological activity and a high
germination percentage in Tzand T-seeds. Seeds
which obtained more fertilizer and irrigation during
the production stage can increase seedling
establishment in comparison with other treatments
(Hampton, 1992). Similarly, Bittman (1989) found
that a difference in final germination percentage of
seeds could be due to the amount of stored nutrient in
the endosperm. Doddagoudar et al. (2004) concluded
that application of a higher rate of NPK improved
seed quality and resulted in a higher seed germination
percentage in China aster (Callistephus chinensis

Nees. L.). During seed germination, the nutrients

present in the endosperm are hydrolyzed to guarantee
seedling establishment (Shimizu and Mazzafera,

2000).
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Fig. 1. Effect of mother plant NPK nutrition on seed
germination percentage of wheatcounted at 7 days
from germination. The same letters are not

significantly different at the 0.05 probability level.

In this study, NPK fertilization of the mother plant
improved grain food reserves and helped with a better
growth of seedlings and contributed to a high seedling
fresh weight compared to the control. Phytase activity

reached a maximum level on the 6% day of
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germination, as a result T3 and T. recorded higher
values of phytase. Ma and Shan (2002) reported that
seed germination significantly increased phytase

activity by 2.04-fold on 3rd the day of germination in

wheat.
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Fig. 2. Effect of mother plant NPK nutrition on the
seedling fresh weight (g plant?) of wheat at 7 days
from germination. The same letters are not

significantly different at the 0.05 probability level.

The effect of NPK fertilization on the phytase activity
of germinating seeds has not been much studied
before, and the high phytase level of T3 and T- during
the germination period might be due to a high
phosphorus and protein content in the mother plant
grains compared to the control (T.). Sung et al.
(2005) revealed that the increase in phytase level may
be due to de novo synthesis of the enzyme during
germination. It was observed in this study that the
phytase level started decreasing slightly on the 7t day
of germination.

The decrease in phytase activity, might be due to the
degradation of this enzyme by active protease (Houde
et al, 1990). There was a negative relationship
between phytase activity and phytate content; as
phytase activity increased the phytate content
decreased.

The effect of NPK fertilization on the seed phytate
content during germination has not been studied so
far. Phytate is degraded by the phytase enzyme during
the seed germination of cereals, (Kumar et al., 2010).
The same trend in the reduction of phytate content in
germinating seeds of cereals has already been
reported by other researchers (Azeke et al., 2010;
Sokrab et al., 2012).

Inorganic phosphorus was increased during the
germination period and it was at maximum on the 7t

day of germination.

The influence of NPK fertilization on Pi concentration
during seed germination has not been reported
before. Phytase in germinating seeds removes
orthophosphate groups from the inositol ring of
phytate to produce free Pi, and a chain of
intermediate myo-inositol phosphates (Debnath et

al., 2005).

The increase in the phytase activity of germinating
seeds, which coincides with a decrease in the phytate
content, may enhance phosphorus availability and
utilization (Azeke et al., 2010). There was a liner
increase in soluble protein content with increase in
germination period, and mother plant NPK nutrition
significantly enhanced the level of soluble protein in
T; and T treated seeds. Application of NPK to the
mother plants resulted in a higher protein content in
seeds, and consequently increased soluble protein in
germinating seeds which may help the plants to
compared to

germinate and grow vigorously

Titreatment where no fertilizer was applied.

Conclusion

In general, it can be concluded that NPK fertilization
of the mother plant enhances seed germination,
seedling growth, and improves the physiological
performance of the germinating seeds compared to
the control. Soluble protein content, phytase activity,
phytate degradation, and the release of Pi during seed
germination was highly influenced by mother plant
NPK fertilization that consequently may improve seed

viability, vigor, and seedling establishment.
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