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Abstract

In order to assess the effect of salicylic acid (SA) on activities of acid phosphatase (APase, EC 3.1.3.2) in four pea (Pisum
sativum L.) varieties viz. Meteor, Climax, Green feast and Rondo during seed development and germination the field
experiment were conducted using split-split plot design. The seeds were soaked in 0, 0.1 and 0.01 mM SA aqueous solutions
for six hours. The plants were sprayed at phenological growth stage BBCH 60 with three SA concentrations mentioned
previously in the early morning when the plants had their 3™ leaf completely expanded. The highest APase activity was
recorded for the variety Greenfeast and for pea plants treated with SA concentration 0.1 mM, while the pea plants treated twice
i.e., seed priming plus foliar spray revealed maximum APase activity. During seed germination of pea the maximum APase
activity was observed for the variety Green feast, SA 0.1 mM treated seeds revealed maximum APase activity, while the seeds
raised from the pea plants whose seeds were primed plus foliar sprayed exhibited maximum APase activity. © 2013 Friends

Science Publishers
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Introduction

One of the most important mineral nutrients for plant
growth is phosphorous. The hydrolysis of phosphate esters
is a critical process in the energy metabolism and metabolic
regulation of plant cells. The ortho phosphate anion (Pi) not
only plays a vital functional role in energy transfer and
metabolic regulation, but is also an important structural
constituent of many biomolecules. Consequently, Pi
assimilation, metabolism and storage are of critical
importance to plant growth and development. Efficient
acquisition and utilization of phosphorous requires
phosphatases, which function to hydrolyze Pi from
orthophosphate monoesters (Vincent et al., 1992). Acid
phosphatases are usually glycoproteins, which occur in a
wide variety of species and tissues and feature considerable
diversity with regard to their physical properties. However,
they all appear to be important in the production, transport
and recycling of Pi (Duff et al., 1994). APases appear to be
ubiquitous since have been found in seed development,
dormant seeds (Chung and Polya, 1992) and germinating
seeds (Nishimura and Beevers, 1978). APases are involved
in: providing P during seed germination from stored phytate
(Brinch-Pedersen et al., 2002); and internal remobilization
of P (Duff et al., 1991; Baldwin et al., 2001). Seed
germination is regarded as the best developmental phase
which results in a significant induction of APases. Although
non-germinated seeds contain a lesser amount of

constitutive APase activity, which increases up to 30-fold
associated with a decrease in seed organic phosphate
reserves usually accompanies germination (Gibson and
Ullah, 1988; Biswas and Cundiff, 1991). Other
developmental processes that cause APase induction include
flowering and senescence (De Leo and Sacher, 1970; Lal
and Jaiswal, 1988) and fruit ripening (Kanellis et al., 1989).

Salicylic acid (SA) or ortho-hydroxybenzoic acid
belongs to a diverse group of plant phenolics and is widely
distributed in monocots and dicot plants. SA could be
actively transported, metabolized or conjugated and it could
also translocate rapidly from the point of initial application
to different plant tissues (Popova et al., 1997). SA has been
reported to have many functions in plants, like it increases
stomatal closure in Vicia faba and Commeliana communis
(Nugroho et al., 2001). The inflorescence of thermogenic
plant and infected plant with necrotizing pathogens were
found to have highest levels of SA. It stimulated flowering
in Impatiens, Lemna, and Arabidopss thaliana inhibited the
biosynthesis of ethylene, root uptake (Raskin et al., 1990;
Raskin, 1992; Martinez et al., 2004). Exogenous application
of SA also partially reverses the inhibitory effect of
oxidative (0.5 mM paraquat) and heat stress (50°C for 3 h)
on seed germination (Alonso-Ramurez et al., 2009). SA
plays a crucial role in the regulation of physiological and
biochemical processes during the entire lifespan of the plant
(Vicente and Plasencia, 2011). According to Van de Rhee et
al. (1990) SA induces peroxidases, superoxide dismutase
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and glycine rich wall protein, all of which are commonly
induced by pathogen and thought to function in defense.
The SA treatment of wheat plants increased the rate of cell
division within the apical meristem of seedling roots
causing an increase in plant growth and elevated wheat
productivity (Shakirova et al., 2003). The aim of the present
study was to investigate the effect of SA on the activities of
APase during seed development and germination in pea.

Materials and Methods

The field experiments were conducted during the season
2003-2004 and 2004-2005 at Vegetable Seed Production
Farm, Chattar Klas and Vegetable Research Station,
Jalalabad, District Muzaffarabad, Pakistan. Four pea (Pisum
sativum L.) varieties i.e., Climax, Green feast, Meteor and
Rondo were planted in split-split plot fashion following
randomized complete block design (RCBD) with three
replicates. The main plots were assigned to pea cultivars,
with agueous SA concentrations, 0, 0.1 and 0.01 mM
(Murtaza et al., 2010) as subplots and modes of application
of SA (seed priming (SD); seed priming plus foliar spray
(SPFS) and foliar spray (FS) only) as sub-sub-plots. For
seed priming, the seeds were soaked in the SA
concentrations for six hours (Benavides-Mendoza et al.,
2002). The plants were sprayed at phenological stage BBCH
60 (first flower open sporadically within the population)
with SA concentrations in the early morning when the
plants had their 3 leaf completely expanded (Gutierrez-
Coronado et al., 1998).

Samples were collected at three different phenological
growth stages i.e., BBCH zero (germination), BBCH seven
(fruit development) and BBCH eight (ripening of fruit and
seed), respectively (Weber and Bleiholder, 1990; Feller et
al., 1995). For BBCH 7 and 8, the pods were collected at
BBCH 73 (30% of pods reached average maximum length),
BBCH 77 (70% of pods reached average maximum length),
BBCH 83 (30% of pods ripe, dry and hard) and BBCH 88
(80% of pods ripe, dry and hard). The seeds obtained from
the crop were used for germination experiment. The seeds
were surface sterilized (70% ethanol for 1 minute and 5
percent sodium hypochlorite for 5 min) and thoroughly
rinsed in distilled water. The seeds were sown in plastic
trays filled with the same soil that was used for cropping.
For phenological growth stage zero, the samples were
collected at BBCH 01 (beginning of seed imbibition), at
BBCH 03 (seed imbibition complete) and at BBCH 05
(radicle emergence from the seed). All samples were stored
at -50°C in a deep freezer till further use.

APase was assayed according to Asghar and DeMason
(1992). The seeds were ground in 30 mM Tris-Mes buffer
(pH 5.0) and extracted for 2 h at 4°C. The slurry was
centrifuged at 10,000 g for twenty minutes and the
supernatant was used for enzyme assay. APase activity was
measured using p-nitrophenyl phosphate as the substrate.
0.1 mL of extract was incubated for 15 min with 0.9 mL of
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3 mM substrate dissolved in 30 mM Tris-Mes buffer at pH
5.0. The reaction was stopped by adding 3 ml sodium
carbonate (2%). The p-nitrophenol released was measured
spectrophotometrically at 410 nm. A blank was prepared by
adding the enzyme extract after sodium carbonate. Protein
content was determined according to Bradford (1976) with
BSA as a standard. The data were subjected to analysis of
variance using the MSTAT-C program and Duncan’s
Multiple Range Test was applied to differentiate the means
(Steel et al., 1997).

Results and Discussion

At all four phonological growth stages a statistically
significant difference (p < 0.001) was found among varieties
in terms of APase activity during years 2003-04 and 2004-
05 (Table 1 and Fig. 1). All the varieties revealed highest
activity of APase at BBCH 73 in during both growing
seasons, whereas, the lowest APase activity was recorded
for all varieties at BBCH 88. The variety Greenfeast
exhibited the highest APase activity while the Rondo
revealed lowest APase activity in both seasons.

The APase activity was influenced by SA
concentrations and was significant (p < 0.001) at all the four
phenological stages during both seasons (Table 1 and Fig.
2). The maximum APase activity was recorded for the
plants treated with 0.1 mM SA at all the four phonological
stages. The interaction between SA and varieties was found
significant during the year 2003-2004 at BBCH 77 and
during year 2004-2005 at BBCH 73 stages.

During the both years the modes of application of SA
were significantly different regarding the APase activities at
all the four phenological stages (Table 1 and Fig. 3). The
highest APase activity was recorded for the plants whose
seeds were primed plus foliar application applied followed
by the plants treated with foliar application and the least
APase activity for the plants whose seeds were primed. The
interaction between varieties and modes of application; SA
and modes of application; SA, varieties and modes of
application was found nonsignificant in terms of APase
activity.

The effect of SA on APase activities were observed at
phenological stages BBCH 01, BBCH 03 and BBCH 05 in
2003-2004 and 2004-2005. A statistical significant
difference was recorded among four pea varieties (p>0.001)
in both years (Table 2 and Fig. 4). The Maximum APase
activity was observed for the variety Green feast at all
three phenological growth stages during both growing
seasons.

The effect of SA concentrations was significant
(p>0.001) in terms of APase activity at all three
phenological stages in both seasons (Table 2 and Fig. 5).
The highest APase activity was recorded for the plants
treated with SA concentration 0.01 mM. The interaction
between varieties and SA concentrations was found non-
significant.
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Table 1: Mean squares from the analyses of variance and coefficient of variation (C.V.) of activities of APase (umol p-
nitrophenol released min™ mg™ protein) in pea (Pisum sativum L.) varieties treated with SA by different modes of
application at phenological growth stage BBCH 73 (30% of pods have reached average maximum length), BBCH 77
(70% of pods have reached average maximum length), BBCH 83 (30% of pods ripe, dry and hard) and BBCH 88 (80% of
pods ripe, dry and hard) during year 2003-2004 and 2004-2005

Source of df BBCH 73 BBCH 77 BBCH 83 BBCH 88
variation 2003-2004 2004-2005 2003-2004 2004-2005 2003-2004 ~ 2004-2005  2003-2004 2004-2005
Replications 2 0.16 1.24 2.45 0.79 3.37 0.41 0.13 1.95
Varieties 3 68.57*** 103.29*** 118.51*** 132.67%** 41.05%** 72.46%** 57.82*** 29.53***
Error a 6 161 2.58 4.04 1.79 0.90 0.35 1.57 0.86
Salicylicacid 2 45.49%** 64.34*** 34.13*** 21.20%** 26.23*** 14.89*** 21.91%** 15.41%**
VxS 6 1.96 11.15** 13.24** 2.24 2.18 0.91 1.06 0.82
Error b 16 1.22 2.45 217 1.87 1.63 1.28 0.66 1.19
Mode 2 20.95*** 109.99*** 98.75*** 57.87*** 80.08*** 28.90*** 33.04*** 21.38***
VxM 6 1.09 0.82 0.27 0.13 0.87* 0.15 0.38 0.08
SxM 4 0.55 2.87* 0.34 0.39 0.55 0.22 0.45 0.17
VxSxM 12 135 0.48 0.34 0.19 0.46 0.25 0.11 0.22
Errorc 48 1.38 0.80 0.66 0.40 0.34 0.47 0.29 0.23
C.V. 11.40 9.04 8.55 8.51 9.41 8.38 11.05 8.86

Table 2: Mean squares from the analyses of variance and coefficient of variation (C.V.) of the activities of APase in pea
(Pisum sativum L.) varieties treated with SA concentrations by different modes of application during year 2003-2004 and
2004-2005 at phenological growth stage BBCH 01 (beginning of seed imbibition), BBCH 03 (seed imbibition complete)

and BBCH 05 (radicle emerged from seed)

Source of variation df BBCH 01 BBCH 03 BBCH 05
2003-2004 2004-2005 2003-2004 2004-2005 2003-2004 2004-2005
Replications 2 4.35 6.44 0.85 0.31 11.27* 1.06
Varieties 3 159.13*** 179.77*** 340.25*** 162.37*** 147 .54*** 230.58***
Errora 6 2.82 6.58 4.25 4,78 1.19 4.18
Salicylic acid 2 38.12*** 87.61*** 125.56*** 119.46*** 62.13*** 129.25***
VXS 6 2.37 5.19 5.40 15.33 3.0 5.73
Errorb 16 1.85 2.86 4.68 5.55 1.33 481
Mode 2 66.81*** 277.53*** 257.52%** 361.31*** 392.79*** 262.63***
VxM 6 0.16 0.14 2.87** 0.17 1.90* 3.14**
SxM 4 0.18 0.06 1.35 0.57 20.97 121
VXSxM 12 0.22 0.24 0.48 0.55 3.96 0.58
Errorc 48 0.40 0.43 40.53 0.64 0.66 0.89
C.V. 5.55 4.84 6.46 4.38 7.02 7.19

*, *x *kk significant at P= 0.05, P=0.01 and P=0.001, respectively

There was a significant difference between modes of
application of SA in terms of APase activity (p > 0.001) at
all three phenological stages during year 2003-2004 and
2004-2005 (Table 2 and Fig. 6). The maximum APase
activity was recorded for the plants whose seeds were
treated plus leaf sprayed followed by that of the foliar
sprayed. A non-significant interaction between SA and
modes of application; between varieties, SA and modes of
application was recorded during both years.

Phosphorus is one of the most important mineral
nutrient for plant growth but least available. The efficient
acquisition and utilization of phosphorus requires a
ubiquitous class of enzymes known as phosphatases, which
function to hydrolyse Pi from orthophosphate monoesters.
Acid phosphatases are enzymes highly expressed in plants
and especially in plant tissues such as roots, bulbs, seeds,
tubers, coleoptiles and leaves (Yan et al., 2001; Tejera
Garcia et al., 2004). Different developmental processes that
cause APase induction include flowering and senescence
(De Leo and Sacher, 1970; Lal and Jaiswal, 1988), fruit
ripening (Kanellis et al., 1989) and seed germination
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(Gibson and Ullah, 1988). The present study revealed that
the specific activity of APase was increased in pea by SA at
all four stages of fruit development studied. Pea varieties
showed inconsistent results in terms of APase activities
during fruit development. At phenological stage BBCH 77
the specific activity was higher than that of phenological
stage BBCH 73, while there was a linear decrease in the
APase activity at phenological stages BBCH 83 and BBCH
88. Moreover the APase activity was higher in SA
concentration 0.1 mM and in the STFS plants as compared
with ST and FS plants. The highest activity of APase at
phenological stage BBCH 73 can be correlated with very
high rate of mobilization of phosphorous as needed for plant
growth as a structural component of biomolecules. As
previously described, the fruit ripening may be one of the
cause resulting an increase in the activities of APX during
BBCH 77 growth stage. At this stage the pods have attained
the maximum length and there is a need of increase in the
size of the seed resulting high metabolic rate. This high
metabolic rate during the seed development may result in an
increase of APase activity.
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Seed germination is one of the best characterized
developmental phase to study the pattern of specific
activities of APase. Although ungerminated seeds contain a
small amount of constitutive APase activity, a large increase
in APase activity (up to 30-fold) concomitant with a
decrease in seed organic phosphate reserves usually
accompanies germination (Gibson and Ullah, 1988; Biswas
and Cundiff, 1991). It has long been recognized that APase
activity in plants typically increases when plant becomes
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phosphorus (Pi) deficient. The increase in APase activity
correlates with a low level of Pi in numerous species and
plant parts (Chen et al., 1990). Salt, water and osmotic stress
have also been reported to increase APase activity (Szabo-
Nagy et al., 1992; Kaur et al., 2012). These researches have
demonstrated that the induction of APase under osmotic and
salt stresses was not accompanied by a decrease in Pi level.
Methyl jasmonate markedly induced APase activity in rice
leaves and this induction was not caused by a decrease in Pi
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level (Yeh et al., 1995). In the present study the specific
activities of APase were lowest at BBCH 01 phenological
stage then there was an increase in APase activity at
phenological stage BBCH 03 and finally a decline towards
the phenological stage BBCH 05 in all the four varieties
during seed germination. A statistically significant increase
in acid phosphatase activity with SA treatment is consistent
with earlier studies (Befer et al., 2000; Law, 2011).

The seed raised from SA concentration 0.1 mM treated
exhibited highest activity of APase, while seeds raised from
STFS had maximum value of APase activity. The low
activities of APase at phenological stage BBCH 01 may be
due to comparatively inactive or very low activity stage
where seed is just gaining water for physiological activities.
However the decrease in APase at phenological stage
BBCH 05 can be correlated to a decrease in seed’s organic
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phosphate reserve. The results of the present study are in
agreement with earlier studies (Shih and Kao, 1998; Befer
et al., 2000; Law, 2011).
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