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Abstract | An experiment was carried out to evaluate the effect of varying levels of phosphorus on growth
and yield parameters of pea (Pisum sativum L.) cultivars at Agricultural Research Station, Swabi-Pakistan,
during the year 2016-17.The plots were prepared according to Randomized Complete Block Design (RCBD)
with split plot arrangement that were replicated three times. Phosphorus levels (0, 30. 60, 90, and 120 kg
ha') were subjected to main plots and cultivars (IMeteor, Samrina Zard, Leena Pak and Pea-2009) to sub
plots. Data was collected on growth and yield parameters of randomly selected plants in each treatment and
replication. Results showed that phosphorus levels significantly affected all growth parameters. Maximum
absolute growth rate (3.31cm day™), leaflets plant™ (102.61), pods plant™ (16.43), pod length (9.53 cm), root
weight (4.67 g), nodules plant™ (19.97), 100 seeds weight (40.66 g) and yield ha™ (5.71 tons) were recorded
in plants treated with 90 kg ha! of phosphorus. The results pertaining to cultivars revealed that maximum
absolute growth rate (2.81 cm day™), leaflets plant™ (100.87), 100 seeds weight (39.73 g), pods plant™ (17.06),
root weight (5.90 g), number of nodules plant™ (18.66) and yield ha™ (5.92 tons) were recorded in Leena Pak
cultivar. The cultivar Leena Pak was found higher yielding as compared to other cultivars under this study. It
can be concluded from the research findings that cultivar Leena Pak should be fertilized with 90 kg ha™ of
phosphorus for better performance in terms of growth and yield under the agro-climatic conditions of Swabi
District-Pakistan.
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Introduction

ea (Pisum sativum L.) is a cool season vegetable
belonging to leguminosea family and native
to central or Southeast Asia. It is one of the most
important and popular legume vegetables grown in
many countries all over the world. It consists of high
nutritive components like protein, carbohydrates,

iron, calcium and vitamins (Khichi ez a/., 2016). It
contains high amount of stored reserves that protract
early germination and growth of seedling. Root of
pea plant is tap root and is capable of fixing nitrogen
through their symbiotic relationship with rhizobium
bacteria. Pea crop produces an average yield of 105
tons ha™ in the country (Khokhar, 2014). The factors

such as crop growth rate, market class, early maturity,
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harvest ease, yield potential, seed size and disease
tolerance should be considered for the selection of
appropriate pea cultivar. The cultivated pea varieties
in Pakistan are mostly low in yield and quality which
could be improved by evaluating different pea cultivars
for the selection of desirable types. The available pea
germplasm including pea cultivars have significant
variability for most of the growth, yield and quality
attributes. Pea is grown as autumn and winter crop
in the months of September and October in Khyber
Pakhtunkhwa and other provinces of Pakistan (Nazir
and Bantel, 1994). Pea is considered a cash crop in the
country but its cultivation and production is limited
as compared to other countries of the world due to
which the country pay more for the import of pulses
including pea to meet the national food requirements
(Aslam ez al., 2000). Moreover, improper fertilizer
use and unavailability of improved varieties are other
obstacles which limit the economical crop growth
and yield per unit area.

Application of fertilizers such as phosphorus
increases the availability of nitrogen and potassium
which improve plant growth (Saeed ez al., 2004). The
application of phosphorus efficiently increases number
of branches, reproductive nodes, root development,
flower initiation and seed and fruit development.
'The crop production on more than 30% of the world
arable land is limited by phosphorus availability
(Tesfaye ez al., 2007). In addition, phosphorus has an
enhancing impact on plant growth and biological yield
(Srivastava e al., 1998; Nassar and Ismail, 1999). It
can create deeper and vigorous roots (Sharma, 2002)
but it is the most sensitive nutrient to soil pH. Early
ripening in plant is induced by the application of
phosphorus fertilizer. It also decreases grain moisture
which improves crop and seed quality (Malakooti,
2000). Phosphorus fertilizer makes plants efficient
to photosynthesis as well as enhances the activity of
rhizobium bacteria which fix atmospheric nitrogen
(Omar e# al., 1990). Graham and Rosas (1979)
reported that phosphorus deficiency limits nitrogen
fixation which reduces growth and yield of pea crop.

Keeping in view the importance of phosphorus and
improved pea cultivar in improving the growth and
yield of pea crop, a research study was conducted to
find out an appropriate dose of phosphorus for better
growth and yield of pea and to identify the suitable
pea cultivar for general cultivation in Swabi valley to
enhance farmer’s income.

Materials and Methods

'This experiment was conducted in the research farm of
Agricultural Research Station (ARS) Swabi Khyber
Pakhtunkhwa during autumn season, 2016. The
experiment was laid out in Randomized Complete
Block Design (RCBD) with Split Plot arrangements
having two factors. Phosphorus fertilizer was
considered main plot factor and its different levels
were applied to the main plots while pea was used as
sub plot factor and the cultivars of it were applied to
the sub plots. The experiment comprised of twenty
treatments combinations which were replicated three
times. Five levels of phosphorus fertilizer i.e. PO= 0 kg
ha', P1=30 kg ha*, P2=60 kg ha*, P3=90 kg ha™ and
P4=120 kg ha™ and four pea cultivars i.e. V1=Meteor,
V2= Samrina Zard, V3= Leena Pak and V4= Pea-
2009 were studied in the experiment. Diammonium
phosphate (DAP) was used as a source of phosphorus
which is used internationally for the same purpose.
However, DAP also contain 18% nitrogen but that
amount of nitrogen was counted as basal doze.
Recommended dose of the other nutrientsi.e. nitrogen
and potash were applied to the experimental plots @
90 and 65 kg per hectare counting 18% nitrogen in
the DAP. The pea cultivars which were used in the
experiment are early maturing (60-70 days) as well as
determinate cultivars usually grown as short duration
pea crop varieties in the autumn season. Plot size was
maintained 3.6 m? whereas row- row and plant — plant
distances were kept 30 and 10 cm, respectively. Data
were recorded on leaflets plant™, absolute growth rate
(AGR), pods plant, pod length, 100-seeds weight,
nodules plant™, root weight and pods yield using ten
randomly selected plants from each sub-plot. All
other cultural practices were applied uniformly to all
the experimental plots.

Soil analysis

Soil analysis was conducted by taking random
samples from the experimental area before laying out
the experiment at the Directorate of Soil and Plant
Nutrition, Agricultural Research Institute, Tarnab
Peshawar. The analysis showed that the soil was silt
loam having Nitrogen (0.024%), Phosphorus (1.7%),
Potassium (1.80%), Organic matter (0.48%) and pH
of soil was 7.7.

Statistical analysis
Data were analyzed using analysis of variance

(ANOVA) technique as outlined by Steel ez a/. (1997)
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using statistical software Statistix version 8.1 while
mean values of the significant results were compared

using Least Significant Difference (LSD) test.

Absolute growth rate

Absolute growth rate (AGR) is the index which is
used to measure plant growth rate per unit time by
the following formula;

H, — H,
Absolute growth rate =

tr—t;

H. = Initial height (cm); H=Final height (cm); t=
Initial time (days); t= Final time (days).

Pod yield ha' (tons)
Total yield from first harvest to last harvest was taken
and converted into yield ha! using formula:

Yield plot™?!

Yield = Area of plot (m?)

X 10000(m?)

Results and Discussion

Leaflets plant ™

Leaflets plant™ contributes to the photosynthetic area
of plant and adds in plant productivity. Mean square
values showed highly significant differences (P<0.01)
for main effects (phosphorous levels and pea cultivars)
whereas their interaction effect was non-significant

(Table 1).

Mean values of leaflets plant "' regarding phosphorus
levels ranged from 102.61 60 73.70. Maximum leaflets
plant™® (102.61) were produced by plants receiving
90 kg P ha' and minimum leaflets plant ! (73.70)

were recorded in the plants receiving no phosphorus.

Mean data of pea cultivars for leaflets plant™ varied
between 100.87 and 93.55. The cultivar Leena Pak
displayed maximum leaflets plant™ (100.87) followed
by Samrina Zard (93.55). Minimum leaflets plant™
(72.63) was manifested by cultivar Pea-2009 (Table
2). Phosphorus is essential for growth and Nitrogen
fixation which enhances the capability of plants to
produce more number of leaflets plant™® (Ashraf ez
al., 2011). It is evident from the findings of Amjad
and Anjum (2002) that tall cultivars possessed
comparatively more number of leaves than the dwarf
ones. Vegetative growth of pea plant is affected
by both genetic and environmental factors whose
interaction further modifies plant growth. Hence,
variation in pea cultivars could be due to their genetic
composition and adaptability.

Absolute growth rate (AGR) (cm day™)

Plant growth rate identifies the performance of plant
vegetative and reproductive growth and enhances
plant productivity. Analysis of variance (ANOVA)
showed highly significant differences (P<0.01)
among phosphorus levels for absolute growth rate
of pea plants. However, non-significant effect of pea
cultivars and their interaction with phosphorus was
observed for absolute growth rate (Table 1).

Mean data of phosphorus levels for absolute growth
rate varied from 3.31 to 1.56 cm day™. Maximum
absolute growth rate (3.31cm day™) were recorded in
plants fertilized with 90 kg ha! phosphorus followed
by (2.81 cm day?) in plants applied with 60 kg ha™!
phosphorus. Minimum absolute growth rate (1.56
cm day!) was observed in the plants applied with
phosphorus at the rate of 0 kg ha”, respectively.
Among the pea cultivars, mean values of absolute

Table 1: Mean squares for Leaflets plant™, absolute growth rate (AGR), pods plant™, pod length, 100 seeds weight,
nodules planz“l, root weight and yield ha as affected by phosphorus levels and pea cultivars.

Mean squares Rep (A) Phosphorus (B)
Leaflets plant™ 1624.56 1983.04**
(AGR) (cm day™?) 0.54 5.39*

Pods plant™ 0.30 18.3**

Pod length (cm) 0.89 1.84*

100 seeds weight (g) 0.817 141.18**
Nodules plant™ 2.17 221.1*

Root weight (g) 6.26 3.56**

Yield ha? (tons) 0.30 12.35**

*: Significant; *: highly Significant.

Error (A*B) Cultivar (C) B*C A*B*C
237.17 2541.8** 191.25 177.29
0.96 1.03 0.50 0.54
1.40 67.7% 3.66™ 0.87
0.11 14.14* 0.40 0.51
19.35 153.39** 16.33 8.98
0.42 283.6™* 12.85** 0.31
0.06 23.93™ 0.78** 0.16
0.57 30.26™* 4.72 2.40
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Maximum absolute growth rate was observed in pea
cultivar Leena Pak followed by Samrina Zard (2.34
cm day?) and Meteor (2.34 cm day?). Lowest value
(2.20 cm day™) of absolute growth rate was recorded
for pea cultivar Pea-2009 (Table 2). Our results are in
line with the findings of Kumar (2011), Amjad and
Anjum (2002), Abdalsalam and Al-Shebani (2010)
and Igbal ez al. (2012). Kumar (2011) observed that
the increase in absolute growth rate was due to the
application of phosphorus as it plays an important
role in photosynthesis, respiration and fat metabolism.
Amjad and Anjum (2002) stated that vegetative
growth of pea cultivar was affected by both genetic
and environmental factors. Abdalsalam and Al-
Shebani (2010) found that phosphorus application
enhanced all growth and yield parameters for
mungbean. The findings of Igbal ez a/. (2012) are also
similar with present results who reported significant
increase in absolute growth rate with the application
of appropriate phosphorus fertilizer.

Table 2: Mean values of Leaflets plant™, absolute growth
rate (AGR), pods plant™ and pod length as affected by
phosphorus levels and pea cultivars.

Phosphorous Leaflets AGR (cm Pods Pod length
(Kgha') plant™ day™) plant™ (cm)

0 73.70 B 1.56 ¢ 1329 C 848C
30 82.70 AB 2.46abc 1436 BC 9.04B
60 9719 A 281ab 1530AB 9.29 AB
90 102.61 A 3.31a 1643 A 953A
120 76.07 B 2.08bc 13.89 BC 9.03B
LSD value  21.096 0.9249 1.6210 0.4719
Cultivars

Meteor 78.77 B 2.34 14.40 B 8.64B
Samrina zard 93.55A  2.42 15.22 B 8.44B
Leena Pak  100.87 A 2.81 1706 A 8.69B
Pea-2009 72.63 B 2.20 1194C 1052 A
LSD value  13.370 NS 0.9370 0.7183
PxC NS NS * NS

Mean followed by similar letter(s) in column do not differ significantly

Jfrom one another; Mean followed by upper case letter(s) in column
are significant at 1% level of probability; Mean followed by lower
case letter(s) in column are significant at 5% level of probability; NS:
Non Significant; *: Significant at 1% level of probability and P x C
= Interaction of phosphorus and Cultivars.

Pods plant™

Mean square values revealed highly significant
differences (P<0.01) of the main effects i.e. phosphorus
and pea cultivars for pods plant™. The interaction
effect of phosphorus fertilizer and pea cultivars was

also highly significant for this trait as depicted in the
mean square table (Table 1).

Among phosphorus levels mean values for pods plant™
ranged from 13.29 to 16.43. Highest value of pods
plant™ (16.43) was recorded for the plots supplied
with 90 kg P ha' while the lowest value (13.29)
of this trait was observed in the plots receiving no
phosphorus. Mean values pertaining to various pea
cultivars varied between 14.14 and 17.06 for pods
plant™. Maximum value of pods plant™ (17.06) was
manifested by the pea cultivar Leena Pak followed
by Samrina Zard (15.22). The minimum pods plant™
(14.14) was produced by Pea-2009 cultivar. The
interaction of phosphorus and pea cultivars shows
that maximum pods plant™ (18.50) were produced by
cultivar Leena Pak supplied with 90 kg P ha™ while,
cultivar Pea-2009 fertilized with no phosphorus

produced minimum pods plant™ (10.13), respectively
(Table 2).

Increase in the number of pod plant? with the
application of phosphorus might have resulted from
more prominent growth of the plant which in turn
had enhanced number of pods per plant (Hussen
and Yirga, 2013). If the dose of phosphorus increases
from optimum level it shows negative response
because it may deactivate the function of other
nutrients present in the plant for plant growth (Ali
et al., 2014). Significant differences were observed
among different cultivars regarding pods per plant in
studies of Amjad and Anjum (2002). It has also been
observed that number of pods plant™ depends upon
genetic composition of cultivars (Habib and Zamin,

2003).

Pod length (cm)

It is evident from the mean square table that the
main effects of phosphorus levels and pea cultivars
had significant effect (P<0.01) on pod length while
non significant effect was observed in the interaction

of pea cultivars and phosphorus levels for pod length
(Table 1).

Mean data of phosphorus for pod length varied from
8.48 to 9.53 cm. Mean values regarding phosphorus
levels showed that maximum length of pod (9.53
cm) was measured in plants treated with 90 kg P
ha! followed by (9.29 cm) treated with 60 kg P ha"
1. Plants treated with 30 and 120 kg P ha' showed
statistically similar results (9.04 cm) and (9.03 cm)
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respectively. The minimum pod length (8.48 cm) was
measured in plants treated with no phosphorus. Data
regarding pea cultivars showed that maximum length
of pod (10.52 cm) was measured in Pea-2009 cultivar
followed by (8.69 cm) and (8.44 cm) in Leena Pak
and Samrina Zard cultivars respectively, that were
statistically similar (Table 2).

Results regarding pod length are in agreement with
that of Kandil ez a/. (2013) who stated that length of
pod increases with increasing level of phosphorus. The
results related to pea cultivars are similar to the results
of Amjad and Anjum (2002) in which minimum pod
length (6.28cm) was recorded for Meteor cultivar.
Studies from previous research indicated that pea
cultivars vary greatly in size and shape of pods (Gentry,
1971; Makasheva, 1983; Muehlbauer and McPhee,
1997). According to Habib and Zamin (2003) pod
length varies among different pea cultivars (Habib

and Zamin, 2003).

100 Seeds weight (g)

Highly significant differences (P<0.01) were observed
among phosphorus levels and pea cultivars for 100-
seed weight whereas their interaction effect was non-

significant (Table 1).

Mean values pertaining to phosphorus level for
100-seed weight ranged from 32.00 to 40.66 g.
Maximum 100-seeds weight (40.66 g) was recorded
in the phosphorus level 90 kg ha! while minimum
100-seeds weight (32.00 g) was observed in 0 kg ha™
phosphorus level. Mean data of pea cultivars for 100-
seed weight varied from 32.80 to 39.73 g.'The highest
value of 100-seeds weight (39.73g) was exhibited by
cultivar Pea-2009 followed by pea cultivar meteor
(33.86 g). Pea cultivar Samrina Zard showed lowest
value of 100-seeds weight (32.80 g) (Table 3). The
present findings were supported by Sarwar ez al.
(2012) who reported that phosphorus significantly

enhances weight of grain.

Studies conducted by Hussain (1983) showed that
application of phosphorus to legumes would greatly
improve seed yield per unit area. Our results are also
in accordance with the study of Duke (1981) and
Mehrani (2002) who reported that 100-seeds could
vary greatly among cultivars which mainly depends
upon the genotypes as well as climatic and soil
conditions of the experimental area.

Table 3: Mean values of 100 seeds weight, nodules plant,
root weight and yield ha™ as affected by phosphorus levels

and pea cultivars.

Phosphorous 100seeds Nodules Root Yield ha!
(Kgha™) weight (g) plant?  weight(g) (tons)

0 32.00 B 887E 340D 3.15B
30 33.83 B 10.84 D 422B 3.99B
60 3550 AB 1533B 4.58A 4.02B
90 40.66 A 1997 A 4.67A 571 A
120 3291 B 1329 C 3.75C 3.30B
LSD Value 6.0270 0.8901 0.3471 1.035
Cultivars

Meteor 33.86 B 12.55C 3.59C 3.38 BC
Samrina zard 32.80 B 15.10 B 4.03B 4.32 AB
Leena Pak 33.53 B 18.66 A 590 A 5.92 A
Pea-2009 39.73A 833D 297D 2.53C
LSD Value 3.0097 0.5635  0.4055 1.558
PxC NS * * NS

Mean followed by similar letter(s) in column do not differ significantly

Jfrom one another; Mean followed by upper case letter(s) in column
are significant at 1% level of probability; Mean followed by lower
case letter(s) in column are significant at 5% level of probability; NS;
Non Significant; *: Significant at 1% level of probability and PxC=
Interaction of phosphorus and Cultivars.

Nodules plant™

Analysis of variance (ANOVA) revealed highly
significant differences (P<0.01) among main and
interaction effects of phosphorus levels and pea
cultivars for nodules plant™ (Table 1).

Mean values of phosphorus levels for nodules plant™
ranged from 8.87 to 19.97. Maximum nodules plant™
(19.97) were recorded in the plants fertilized with of
90 kg P ha followed by plants supplied with 60 kg P
ha™'. Minimum nodules plant™ (8.87) was produced
by the plants in the control treatment. Mean data of
pea cultivars for nodules plant™ varied between 8.33
and 18.66. Highest value of nodules plant™ (18.66)
was observed for pea cultivar Leena Pak followed by
Samrina Zard (15.10) while pea cultivar Pea-2009
showed lowest value of nodules plant? (8.33). In
case of interaction, the maximum nodules cultivar
plant™ (26.25) were produced by Leena Pak fertilized
with 90 kg P ha' whereas the minimum nodules
plant™ (2.75) were noted in Pea-2009 in the control
treatment (Table 3). The present results are supported
by Kumar (2011) who stated that increasing levels of
phosphorus encouraged root growth and number of
nodules. Phosphorus shortage in soybean resulted in
poor nodulation, reduced seed viability, and decreased
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percentage of fully expanded seeds (Bishnoi ez a/.,
2007). Phosphorus may be a major limitation of
legumes under low nutrient environments because
there is a considerable need for P in the N, fixation
process (Tsvetkova and Georgiev, 2003). It is evident
from a study that pea cultivars gave response to
phosphorus levels and hence increases nodule
formation in the roots (Tarawali and Quee, 2014).

Root weight (g)

Meansquare datashowed highly significantdifferences
(P<0.01) among the main effects i.e. phosphorus
levels and pea cultivars and their interaction effect for

root weight (Table 1).

Mean values among phosphorus levels for root
weight varied between 3.40 and 4.67 g. Maximum
root weight (4.67 g) were found in plots treated with
90 kg P ha' which was statistically not different
from that of 60 kg P ha™ (4.58 g). The lowest root
weight (3.40 g) was recorded in plots treated with
no phosphorus. Mean values pertaining to different
pea cultivars show that maximum root weight (5.90
g) was recorded for cultivar Leena Pak followed by
cultivar Samrina Zard (4.03 g) while the minimum
root weight (2.97 g) was noted in Pea-2009.The
interaction show that heaviest weight of roots (6.96
g) was weighed in cultivar Leena Pak with application
of 90 kg P ha! whereas, the lowest root weight (1.93
g) was observed in cultivar Pea-2009 supplied with
no phosphorus (Table 3).

The results are similar to the findings of Ali ez al.
(2014) who reported that shoot, root and grain weight
increases with the application of phosphorus. Plants
ted with phosphorus create deeper and more abundant
roots (Sharma, 2002). Different pea varieties showed
different root weight may be due to difference in their
genetic make-up.

Yield ha™ (tons)

Analysis of variance (ANOVA) regarding yield ha™
showed highly significant differences (P<0.01) for
different levels of phosphorus and pea cultivars while
the interaction effect among them was found non-

significant (Table 1).

Mean values of phosphorus levels for yield ha'
ranged between 3.15 and 5.71 tons. Maximum yield
ha™ (5.71 tons) resulted in plots treated with 90 kg
P ha™ followed by plants supplied with 60 kg P ha™.

Minimum yield ha™ (3.15 tons) was obtained from
the control treatment. Mean data regarding pea
cultivars for this trait varied from 2.53 to 5.92 tons.
Pea cultivar Leena Pak produced maximum yield ha™
(5.92 tons) while the minimum yield ha™ (2.53 tons)
was obtained from cultivar Pea-2009 (Table 3).

Cultivars that mature early produce more yield as
compared to that which mature late (Habib and
Zamin, 2003). The results are in agreement with
Patel ez al. (1984) who observed significant increase
in yield of pea when 40 kg ha™ of P,O is applied and
reported that increase in phosphorus dose, increases
yield. Islam and Noor (1982) declared that plants
grown without phosphorus fertilizers produce the
lowest pod yield. Ali ez a/. (2014) confirmed that as
we increase phosphorus, yield increases. If the dose
of phosphorus increases from optimum level it
shows negative response because it may deactivate
the function of other nutrients present in the soil
for plant growth (Magelanga, 2013). Arshad (1993)
reported that legume crops respond positively to
phosphorus application and increases yield. Whereas,
Ghafoor (1985) examined from his studies that
maximum yield is obtained when 100 kg P,O, ha™
is applied. Yield is determined by the interaction
of many inherent characters with soil, climate and
agronomic conditions (Makasheva, 1983). Higher
number of leaves means more photosynthesis and
ultimately more yield (Muehlbauer and McPhee,
1997). In the study of Amjad and Anjum (2002) the
cultivars Meteor and Samrina Zard had more number
of leaves and thus resulted in higher yields. Cultivars
that result in lower number of leaves producing more
yield might be due to the inherent yield potential of
the cultivar.

Conclusions and Recommendations

It is concluded from this research that application of
phosphorus significantly increases growth and yield
of peas. Phosphorus applied at the rate of 90 kg ha™
increased the growth and yield of pea. Pea plants
supplied with no or excess phosphorus resulted in
poor vegetative and reproductive growth. Among
pea cultivars, Leena Pak showed the best results
with respect to growth and yield in the climatic and
environmental conditions of Swabi. Further research
is suggested to explore phosphorus benefits and high

yielding pea cultivars for Swabi.
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