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Abstract

Pea is one of the most liked high value vegetable crop which is mostly grown in plains during
winters. For sustainable production it is necessary to grow offseason pea crop at higher
altitudes where summer is relatively cold. Field studies were conducted at three different
altitudes of Poonch Division of Azad Jammu and Kashmir (Pallandri Gorah, Rawalakot city
and Tolipir Bunbeck) to identify the best suitable location for offseason pea cultivation.
Therefore, commercial pea cv. ‘Meteor’ was grown during spring season to analyse the
quantitative traits at three different altitudes. Results showed that seed emergence was
significantly higher (92.38%) at Pallandri Gorah location; whereas, plant stem length (43.53
cm), number of branches plant? (5.58), number of leaves plant™ (87.14), number of flowers
plant® (40.2), pods plant? (25.6), pod length (6.59cm), number of seeds pod? (5.13), fresh
seed weight plant™ (48.76 g), fresh seed yield hectare™ (8.02 tons) were significantly higher
in pea plants grown at Tolipir Bunbeck location. Meanwhile, fresh pod yield plant? (83.8 g)
and fresh pod vyield hectare (13.78 tons) were also high at Tolipir Bunbeck location.
Evidently, Tolipir Bunbeck came out to be the most suitable location among all three altitudes
for sustainable production of offseason summer pea crop.
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Introduction peas throughout the year; however, the

Pea (Pisum sativum L.) is the second most
important food legume worldwide and is
widely cultivated in temperate regions for
its fresh green seed [1, 2]. Pea yield per
unit area in Pakistan is 178231 tonnes [3]
which is less than the international
standard due to factors like incidence of
diseases, poor cultural practices, and pest
attack leading in reduced production [4].
Therefore, it is necessary to increase the
yield of peas with better quality in
Pakistan [5]. There is persistent demand of
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major share of pea crop comes from plains
where it is grown in winter season [6]. On
the other hand, very little production of
peas from Kaghan valley cannot fulfil the
demand of consumers, resulting in higher
prices during summer. Therefore,
sustainable production of peas by growing
them at higher altitudes during summer is
necessary to fill the gap between demand
and supply [7]. High value vegetables are
getting popular among farmers of mid-hill
areas as they increase income level of rural
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people [8]. These high value crops grown
both in summer and autumn makes the
availability of fresh green pods of peas
from March onwards till the end of
October [9]. Altitude can serve as a proxy
for temperature as average temperature
decreases with each 100 m above sea level
(asl); thereby, making possible the
cultivation of cool season crops of plain to
grow and produce in summer at higher
altitudes [10]. Climate of hilly areas
provide comparative advantage of
growing high value vegetables [11]. Peas
grow best in 5.8-6.8 pH soils with 15 mm
to 99 mm annual rainfall; however, they
are sensitive to temperature above 30°C
[7]. Area of Poonch Division is hilly and
rugged in topography hence, suitable for
the cultivation of high value cool season
plain crops. Pallandri Gorah is situated in
the south of Rawalakot city, while Tolipir
Bunbeck is located in east of Rawalakot
city, where temperature ranges from 10-
30°C during summer [12].

The highlands of Khyber Pakhtunkhwa are
used for the early pea production due to
colder climate. There is also the tendency
of proxy pea production in the hilly areas
of Azad Jammu and Kashmir (AJK). At
present there is no literature available on
growing high value off season pea crop at
different altitudes of AJK. Therefore, a
study was planned to identify the best
location in hilly areas of Poonch division
of AJK for probability of offseason
summer production of pea crop.
Commercial and approved pea cv.
‘Meteor’ was cultivated to check growth
and yield parameters in order to identify
the suitable pockets for summer pea crop
with the objective to set a trend of pea
cultivation in AJK.

Materials and methods

Three locations in Pooch division of Azad
Jammu and Kashmir i.e. Pallandri (1508 m
above sea level 33.71 °N - 73.68 °E),
Rawalakot city (1645 m above sea level
33.85 °N -73.75 °E) and Tolipir Bunbeck
(2124 m above sea level 33.88 °N- 73.92
°E) were selected to study the effect of
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altitude on growth and seed yield of high
value pea cv. ‘Meteor’ during the spring
season 2014. Salient features of pea cv.
‘Meteor’ are given in (Table 1) and seeds
were sown during first week of May.
Experiment was laid out under
Randomized Complete Block Design.
There were five subplots of the area 4.5 m?
in each treatment which were considered
as replications. Row x row distance of 1 m
and plant x plant distance of 8 cm was
maintained. Total 370 seeds were sown in
each treatment while total numbers of
seeds sown in experiment were 1110. A
fertilizer dose of 30-40-25 kg acre™ of N:
P: K was given uniformly at all three
locations in the form of Urea, SSP and
MOP for getting better yield. Average
temperature data of all three locations was
collected during the growing season and
presented in (Table 2a, 2b & 2c). Data was
collected for seed emergence (%), main
stem length (cm), number of branches
plant?, number of leaves plant™, number
of flowers plant™?, number of pods plant?,
pod length (cm), seeds pod?, fresh seed
weight plant? (g), fresh seed weight
(g/plant), fresh pod yield plant? (g) and
fresh pod yield (t/ha).

Statistical analysis

Collected data was analysed statistically
under Randomized Complete Block
Design. All the tests were performed at
probability level of 0.05, with software
MSTATC. Means were compared using
Duncan’s multiple range (DMR) test and

further subjected to LSD test for
comparison of their means [13].
Results

Seed emergence (%), main stem length
(cm), number of branches plant*

Significant difference among all the
altitudes was observed for seed
emergence, stem length and number of
branches. Maximum seed emergence was
recorded at Pallandri Gorah followed by
Tolipir Bunbeck and Rawalakot city
locations. Pea seeds sown in Pallandri
Gorah showed 1.02 and 1.3-fold higher
seed emergence percentage than Tolipir
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Bunbeck and Rawalakot city locations,
respectively. Whereas, plant stem length
was higher in Tolipir Bunbeck location
that was 1.03 and 1.1-fold higher, as
compared to Pallandri Gorah and
Rawalakot city, respectively. Similarly,
Tolipir Bunbeck location established its

Table 1. Salient characters of cv. ‘Meteor’

superiority by exhibiting significantly
higher number of branches than
Rawalakot and Pallandri Gorah locations.
Tolipir Bunbeck maintained about 1.60-
fold more number of branches than
Rawalakot city location (Table 3).

Seedling
1 Height (cm) 5-6.5
Seedling and cotyledon color Green
Adult plant
Growth type Determinate
Plant height (cm) 36-52
Productive branches 2-5.5
9 Plant shape Semi erect
Leaf color Green
Leaf type Compound
Leaf length and width (cm) 4.62 and 2.56
Stipula length and width (cm) 5.4 and 4.46
Tendril size (cm) 11.86
Flower
3 Days to 50% flowering 30-45
No. of petals and sepals 5
Fruit
Pod color Green
Pod length 6-7
Width (cm) 1-15
4 Pod angle Drooping
Pod flavor Sweet
Seed per pod 4-6
Average green pod yield (t/ha) 6.4
Potential green pod yield (Mt/ha) 12.25
Seed
Seed color Bright green
5 Seed shape Round
Seed surface Smooth
100 seed weight (g) 45

Source: [14]

Table 2a. Maximum and minimum temperature in Pallandri Gorah

Temperature (°C) May June July August
Maximum 29.04 3131 32.68 29.23
Minimum 13.04 19.86 15.95 15.72
Average 21.04 25.58 24 22.47
Source: [15]
Table 2b. Maximum and minimum temperature in Rawalakot cit
Temperature (°C) May June July August
Maximum 23.22 23.22 29.63 26.18
Minimum 10.86 15.86 16.18 13.23
Average 17.04 22.75 21.18 19.69

Source: [15]
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Table 2c. Maximum and minimum temperature in Tolipir Bunbeck

Temperature (°C) May June July August
Maximum 19.18 24.36 22.77 20.86
Minimum 8.81 13.81 13.22 12.55

Average 13.99 19.08 17.99 16.71

Source: [15]

Table 3. Effect of altitude variation on seed emergence, main stem length and number
of branches plant? of summer pea cv. ‘Meteor’.

T Seed Main stem length No. of branches

reatments 1
emergence (%) (cm) plant

Pallandri 92.38 A 41.91 AB 4.34B

Rawalakot 7243 B 38.40 B 3.54B

Tolipir 90.00 A 4353 A 558 A
Means 84.93 41.28 4.48
LSD 16.2 3.5 0.9

Means with the same letter in a column do not significantly differ by the least significant difference (LSD) test

atp < 0.05 with RCBD

Number of leaves plant?!, number of
flowers plant! and number of pods
plant?

All three altitudes exhibited significant
variations regarding number of leaves,
flowers and pods per pea plant. Pea plants
grown at Tolipir Bunbeck location
resulted in significantly higher number of
leaves i.e. 1.08 and 1.20-folds higher than
Pallandri Gorah and Rawalakot location;
likewise, for number of flowers plant? it
was 1.2 and 1.8-folds higher, respectively.
Significantly less number of pods plant?
was recorded in Rawalakot city location.
Numbers of pods plant® were 2.1-folds
higher at Tolipir Bunbeck location than
Rawalakot city; whereas, different
between Tolipir Bunbeck location and
Pallandri Gorah was non-significant for
number of pods plant™ (Table 4).

Pod length (cm), number of seeds pod-!
and fresh seed weight plant™ (g)

Pod length was 1.01 and 1.25-folds higher
at Tolipir Bunbeck than other locations
(Pallandri Gorah and Rawalakot city)
which revealed non-significant results
among the three treatments. Furthermore,
seeds pod™ also exhibited non-significant
differences in all the altitudes. However,
significant differences were observed in
all three locations for fresh seed weight
plant?. Significantly higher values for
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fresh seed yield plant™ were observed at
Tolipir Bunbeck and Pallandri Gorah
locations showing about 1.34 and 1.7-
folds higher, as compared to Rawalakot
city location (Table 5).

Fresh seed weight (t/ha), fresh pod yield
plant? and fresh pod yield (t/ha)

Fresh seed weight calculated in tons per
hectare  also  revealed significant
difference among all three locations.
Tolipir Bunbeck location expressed its
superiority by maintaining 2.13-folds
higher fresh seed weight than Rawalakot
location. Moreover, pea plants grown at
Pallandri Gorah also exhibited 1.5-folds
higher fresh seed weight than Rawalakot
location. Similarly, fresh pod yield plant™
and fresh pod yield hectare™ also showed
significant differences among all three
locations. Highest fresh pod yield plant™
(83.8) was observed at Tolipir Bunbeck
location resulting in 1.32 and 2.1-folds
higher than other two locations i.e.
Pallandri Gorah and Rawalakot city,
respectively. Likewise, pod yield hectare™
was significantly more than other two
locations. Lowest pod yield hectare™ (6
tons) was recorded at Rawalakot location;
whereas maximum pod yield hectare™ (13
tons) was recorded at Tolipir Bunbeck
location (Table 6).
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Table 4. Effect of altitude variation on number of leaves plant?, number flowers plant
and number of pods plant™ of summer pea cv. ‘Meteor’

Treatments No. of Ieives No. of flowers plant? No. of p_?ds
plant plant
Pallandri 80.42 AB 34.20 A 20.90 A
Rawalakot 71.92B 22.00 B 12.10 B
Tolipir 87.14 A 40.20 A 25.60 A
Means 79.82 32.13 19.53
LSD 13.5 6.9 5.0

Means with the same letter in a column do not significantly differ by the least significant difference (LSD) test
at p <0.05 with RCBD

Table 5. Effect of altitude variation on pod length (cm), number of seeds pod and fresh
seed weight plant™ (g) of summer pea cv. ‘Meteor’

Treatments Pod length (cm) Seeds pod? Fresh seed weight plant? ()
Pallandri 6.49 A 5.18 A 36.02B
Rawalakot 5.24 B 401 A 28.51C
Tolipir 6.59 A 513 A 48.76 A
Means 6.10 4.77 37.76
LSD 0.8 1.2 3.2

Means with the same letter in a column do not significantly differ by the least significant difference (LSD) test
at p <0.05 with RCBD

Table 6. Effect of altitude variation on fresh seed weight (t/ha), fresh pod yield plant
and fresh pod yield (t/ha) of summer pea cv. ‘Meteor’

Treatments Fresh ?Sii)w eight Fre;lt;r?tgld (é;eld Fresh pod yield (t/ha)
Pallandri 592 B 63.10 B 10.38 B
Rawalakot 469 C 39.90C 6.56 C
Tolipir 8.02 A 83.80 A 13.78 A
Means 6.21 62.26 30.24
LSD 0.52 13.1 2.16

Means with the same letter in a column do not significantly differ by the least significant difference (LSD) test

at p <0.05 with RCBD

Discussion

Seeds emergence started within 12 days
and all the seeds were emerged till 15 days
after sowing. Elzebroek and Wind [7] also
observed seed emergence in peas between
10 to 14 days. Maximum emergence
observed at Pallandri Gorah location may
ascribe to relative higher temperature
(21°C) during emergence period (Table
2a); however, organic soils in Tolipir
Bunbeck also showed better seed
emergence percentage. However, reduced
seed emergence percentage in Rawalakot
location could refer to high clay contents
in Rawalakot valley [16], as clay soil
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inhibits the efficiency of nutrient
absorption [17]. Tolipir Bunbeck and
Pallandri Gorah did not show significant
difference for stem length; however, stem
length at Tolipir Bunbeck location (43.53
cm) was relatively higher due to
favourable average temperature of 13-
19°C during May to July (Table 2c).
Bozoglu et al. [18] found average stem
length of 50.59 cm in pea accessions
grown at Samsun, Turkey; with the
average temperature of 17°C in the months
of May and 22°C in June and July.
Whereas, less increase in stem length at
Rawalakot city location could be due to
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high clay content in soil, as Okcu et al.
[17] reported that clay contents in soil
inhibited nutrient uptake resulting less
vegetative growth of peas. Similarly,
Ullah et al. [19] and Jan et al. [20] also
recorded 50 cm stem lengths in pea cv.
‘Meteor’, cultivated in Upper Kaghan
Valley of Pakistan during the spring
season where average temperature in May
June, July was 18°C, 22°C and 24°C,
respectively. Number of branches were
more in pea plants grown at Tolipir
Bunbeck location (5.5), which could be
due to favourable temperature conditions
in June (19.0°C) and July (17.9°C)
required for growth (Table 2c) [15].
Furthermore higher organic matter content
at Tolipir Bunbeck might also have
induced more number of branches and
similar observation was also reported by
Walker et al. [21] who increase in organic
matter with increase in elevation.

On the other hand, altitude difference did
not show significant variation for number
of leaves plant®. Relatively higher
numbers of leaves (87.14) were recorded
at Tolipir Bunbeck location while 71.92
leaves were observed at Rawalakot
location (Table 4). Reduced number of
leaves could be attributed to low rainfall in
the month of June and July 2014 i.e. 24%
and 41% below normal, respectively.
Moreover, increased flowering in Tolipir
Bunbeck might be due to high intensity
light with low temperature (Table 4).
Flowering in many plant species can be
regulated by environmental factors like
low temperature and high-intensity light
[22], as increased light intensity promote
production of hormones like auxins and
gibberellins [23]. Meanwhile, higher
number pods plant™? could be the result of
higher seed yield or green pod yield [20,
24]. Pods plant® was more at Tolipir
Bunbeck location (25.6) than Pallandri
Gorah and Rawalakot locations. Higher
number of pods Plant recorded at Tolipir
Bunbeck location could be due to
favorable  agro-climatic  conditions
required for pea growth. Our results
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closely match with the findings of Jan et
al. [20] as they recorded 20.0 pods plant*
in summer pea cv. ‘Meteor’ grown at
Kaghan valley KPK Pakistan (2450m
asl.). Similar numbers of pods plant?
(22.84 and 19.2) have also been reported
in different pea cultivars grown at the
elevation of 1701m in Mastung region
[25]. Less number of pod plant? at
Pallandri and Rawalakot location might be
due high temperature at the time of flower
initiation that could have reduced number
of pods plant™ [26, 27].

Moreover, average pod length recorded for
all three locations was 6.1cm that is similar
to the findings of Atif et al. [28] who
observed the pod length of 6.27cm in pea
cv. ’Meteor* grown during spring at
Rawalakot. However non-significant
differences for number of seeds pod* were
observed among all three locations (Table
5). Similar results have also been reported
by Atta et al. [29] as they found non-
significant difference for seeds pod?
among six genotypes of peas, grown at
Versailles in France, with the average
temperature of 17.4°C in June and July.
Similarly, Jan et al. [20] found 5.6 seeds
per pod in pea lines grown during spring
season with the average temperature of
22°C in Naran valley Pakistan; while in
our experiment maximum of 5.2 seeds
podt were observed at Pallandri Gorah
location at an average temperature of 24°C
during entire pods growth in June July and
August (Table 2a). Non-significant results
for pod length and seed pod™ could be
related to a genetic trait of cv. ‘Meteor’,
which remained similar at each location in
our experiment. Slight decrease in pod
length and number of seeds pod? at
Rawalakot location can be related to stress
conditions during July and August, as
there was premature rotting of pods before
harvest due to high rain fall and humidity
in Rawalakot valley in August 2014 [15].
Meanwhile, Tolipir Bunbeck and Pallandri
Gorah location resulted in higher fresh
seed weight plant? that might be ascribed
to higher number of pods than Rawalakot
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city location. Previously, similar resulted
have been reported by Kazmi et al. [30] as
they associated seed yield of pea plant
with number of pods pea plant bearded.
Reduction in seed fresh weight at
Rawalakot city location in comparison
with Tolipir and Pallandri locations could
be due to high clay contents in the soil of
Rawalakot that might have inhibited
efficient nutrient uptake by plants and
caused water stress resulting in reduced
fresh seed yield.

Likewise seed weight ha! was
significantly higher at Tolipir Bunbeck
location that could be the result of higher
seed plant? recorded at Tolipir Bunbeck
(Table 6). Our results for fresh pod yield
plant™ at Tolipir Banbeck location (83.80)
closely match the findings of Achakzai
and Bangulzai [25] in which they
investigated role nitrogen doses on fresh
pod yield of pea cvs. ‘Climax’, ‘Arkel’,
‘Green Feast’ and ‘Olympia’. Likewise,
maximum pod yield ha was also recorded
at Tolipir Bunbeck location that may
express the conducive environment
required for pea growth as noticed for
other vegetative components like stem
length, number of branches and leaves in
pea cv. ‘Meteor’ grown at Tolipir location.
The highest fresh seed and pod yield (t/ha)
at Tolipir Bunbeck and Pallandri Gorah
locations might be due to the sufficient
organic matter and rainfall, Rawalakot city
resulted in reduced yield due to increased
rainfall or humidity which might have
caused reduction in better crop growth
rapid fungal attack. Our results for pod
yield ha? closely match with findings of
Ullah et al. [19] as they reported fresh pod
yield of 10.55 t/ha in pea var. ‘Misty’
cultivated in upper Kaghan Valley at the
elevation of 2450 m during spring.
Conclusion and recommendations

Pea cv. ‘Meteor’ grown at different
altitudes showed significant variations in
morphological and vyield parameters.
Evidently ‘Tolipir Bunbeck’ location
exhibited higher values for plant height,
number of branches, leaves and flowers
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per plant, pods per plant along with fresh
seed weight and fresh pod Vyield.
Maximum vyield of fresh pods/ha was
obtained at elevation of 2124 meters above
sea level with 16-24°C  average
temperature under the normal rainfalls
during spring. It can be concluded that pea
being high value vegetable crop can be
cultivated  with  improved  quality
characteristics at higher altitudes during
summer season.
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