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ABSTRACT

An experiment was conducted to evaluate the performance of nine pea varieties (PB-89,
AP-3, AP-1, VL-7, Arkel, Bonneville, Arka Kartik, JM-2 and Palam Priya) on the farmer’s
fields at three altitudinal ranges viz. 600 m amsl, 1375 m amsl and 1800 m amsl in

Keywords Chamba district of Himachal Pradesh. The experiment was laid out in randomized block
design with three replications. Standard package and practices were followed for raising
Garden pea, the crop as per the recommendations of the University. The results of the experiment

Varieties, Pod yield,

Quality, Altitudes revealed that all the varieties exhibited considerable variation for most of the parameters

studied on different experimental locations. The effect of varieties, zones and interaction

Avrticle Info between them was found to be significant for most of the traits.PB-89 performed best at
Accepted: the lowest al'gitudinal range by having maximum green po_ds per plant (17.98), highest
21 ng 2020 green pod weight (5.97g), green pod length(10.96 cm), maximum number of branches per
Available Online: plant (18.35) and highest yield (186.11qg/ha) in zone |. Variety VL-7 proved best for zone
10 June 2020 Il with maximum number of branches per plant (15.98), number of pods per plant

(17.94)and highest yield (183.89 g/ha) whereas, Palam Priya performed best in the zone IlI
with maximum green pod length (9.40 cm), number of pods per plant (17.97) and pod
yield (185.78q/ha).

543,000 ha with a production of 5345,000
MT, whereas in Himachal Pradesh the

Introduction

Pea is an important vegetable crop of India
generally cultivated for its green pods. It is
highly nutritive and rich in protein. It is used
as a vegetable or in soup, canned frozen or
dehydrated besides being cooked as a
vegetable. Split grains of pea are widely used
for dal. Pea straw is also used as nutritious
fodder. In India peas are grown in an area of

production is 277200 MT from an area of
23650 ha (NHB, 2018). The agro climatic
conditions determines the time of sowing of
peas and their place in crop rotation.
Himachal Pradesh has varied agro-climate
and district Chamba represents all the four
agro climatic zones as it has altitudes ranging
from 690 to 2400 m amsl. The climate of the
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district is suitable for pea cultivation. Being a
cool season crop, pea performs best in the
temperature range of 10°C to 18°C. However,
ideal temperature for pea cultivation is 10°C
to 30°C. The flower and young pods are badly
affected by frost. The time of sowing differ in
different altitudes due to temperature
variation and this also affect the performance
of different varieties in different locations.
Pea is generally sown in India during the Rabi
season from the beginning of October to mid
of November in the plains and from middle of
March to end of May in the hills. Although a
number of varieties of pea are available for
cultivation but there is a lack of information
for their suitability for cultivation in different
altitudinal ranges. The present study was
envisaged to evaluate the performance of
major pea cultivars under different altitudinal
ranges so as to assess their suitability for each
zone.

Materials and Methods

The experiment was conducted to assess the
performance of nine varieties of pea in
different altitudes viz. 600 m amsl, 1375 m
amsl and 1800 m amsl in Chamba district of
Himachal Pradesh. Nine varieties of pea viz.
PB-89, AP-3, AP-1, VL-7, Arkel, Bonneville,
Arka Kartik, JM-2 and Palam Priya were
planted in farmer’s fields during Rabi season
of 2016-17. Seeds were sown at a depth of 4-
5 cm on 3x3 m? beds with row to row and
plant to plant distance 60 cm and 7.5 cm
respectively. The experiment was laid out in
randomized block design  with three
replications. Standard package and practices
were followed as per the recommendation of
the university. The data were recorded on ten
randomly taken plants for plant height (cm),
number of branches per plant, days to first
flowering, days to first pod picking, number
of pods per plant, pod weight (g), pod length
(cm), number of seeds per pod, pod yield per
plant (g), pod yield per plot (kg), pod yield

per hectare (g/ha), shelling percentage (%)
and total soluble solids (°Brix). Yield was
recorded on plot basis. The mean values over
the replications were statistically analyzed as
per the standard statistical procedures (Panse
and Sukhatme, 1997).

Results and Discussion
Growth parameters

The findings pertaining to growth parameters
viz., plant height, number of branches per
plant, days to first flowering and days to first
pod picking indicated significant influence of
different varieties, zones and their interactions
as evident from the Table 1.

All the varieties had shown significant
variation for plant height. Maximum plant
height was recorded in variety Arka Kartik
(75.13 cm) which was statistically at par with
Azad Pea 1 (72.06cm). Minimum plant height
was observed in variety Arkel (51.16 cm)
which was statistically at par with Azad Pea
3(53.88 cm). Among the different zones the
effect was significant for plant height.
Maximum plant height was observed in zone
I11 (70.62 cm) and minimum in zone | (59.08
cm). The effect of variety x zone interactions
was also found to be significant with
maximum plant height of variety Arka Kartik
(80.39 cm) at zone 111 and minimum height of
variety Arkel (46.16 cm) at zone I. A
continuous increase in plant height in almost
all the varieties was observed with increase in
altitude as evident from Fig. 1. This may be
due to environment conditions favorable to
pea cultivation in higher hills. Similar results
have also been reported by previous workers
Bozoglu et al., (2007), Shah et al., (2016).
Different responses to plant height can also be
due to genetic characteristic of genotypes and
adaptability to a particular environment. Since
the genotype Arkel was earlier in flowering,
so these had little time for attaining vegetative
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growth, reserved food materials diverted to
sex expression, resulting in dwarfishness. The
dwarf plant which could not benefit from
prevailing climatic condition showed less
adaptability in tested area. These finding
shows resemblance with those reported by
Ishtiaq et al., (1996); Khan et al., (2013).

Varieties showed significant variation with
regard to number of branches per plant in
garden pea. Maximum number of branches
per plant was observed in variety PB-
89(15.73) which was at par with Palam Priya
(14.91) whereas, minimum number of
branches were observed in variety AP-1
(10.97) which was at par with Arka Kartik,
AP-3, JM-2 and Arkel. The effect of different
zones was found to be non-significant for this
trait. Among the interaction of variety xzones
the effects were found to be significant.
Variety PB-89 (18.35) recorded maximum
number of branches per plant in zone | as
evident from Fig. 2, whereas VL-7(15.98) and
Palam Priya (16.32) showed maximum
number of branches per plant in zone Il and
zone 11 respectively. The minimum number
of branches was found in AP-1 at all the three
zones. Variation could be due to genetic
variability of different germplasm or due to
climatic condition. Similar results were
elucidated by Wadan et al., (1993).

The effects of varieties, zones and interaction
between them was found to be significant
with regard to days to first flower initiation
and days taken to first pod picking in garden
pea. Variety Arkel had taken minimum days
to flowering (43.13) and was at par with JM-2
(46.51), whereas variety Bonneville (52.67)
took maximum days to flower and was found
at par with Arka Kartik (52.01), Palam Priya
(50.85) and PB-89 (50.66). Between the zones
days taken to first flowering was maximum in
zone Il (58.79) and minimum in zone |
(37.53). Among the interaction earliest first
flower initiation was observed in variety

Arkel (37.53, 43.21, and 48.66) and
maximum days to first flower initiation were
taken by variety Bonneville (47.45, 51.76,
58.79) at all the three locations. Variety
Bonneville was found late in maturity with
maximum days taken to first picking (78.21)
and it was at par with Arka Kartik (76.83) and
Palam Priya (74.13). Variety Arkel found to
be earlier with minimum days taken to first
pod picking (59.13) and it was found at par
with VL-7 (62.19). Among variety x zone
interaction variety Bonneville (83.92) in zone
Il and variety Arkel (52.32) in zone | had
shown maximum and minimum day taken to
first pod picking respectively. The days taken
to first pod picking were found to be
maximum in zone 111 (77.45) and minimum in
zone | (62.04). The cultivars taking minimum
number of days to flowering are
comparatively early maturing than other
cultivars, from the farmers point of view such
cultivars seems to be more desirable because
early flowering means early crop maturity.

It was also observed that days to first
flowering in a particular variety varied with
respect to the altitude of the different zones.
As seen from Fig. 3 at lower altitude a variety
take less number of days to flowering as
compared to higher altitude. This may be due
to different environmental conditions in
different zones and high level of UV
radiations at higher altitudes under study. At
higher altitudes flowering was delayed by 25
days when exposed to UV radiations (Roro et
al., 2016). Pea cultivars have a sufficiently
wide range of duration of vegetative period
and their consequent phases (flowering,
maturation etc.). The duration of vegetative
period  corresponds to  agro-climatic
peculiarities of the area of their cultivation.
Days to flowering has positive relation with
days to first pod picking. These results are
supported with those of Agarwal et al.,
(2006).
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Variety

Zone |

PB-89 59.87
Azad Pea-3  47.38
Azad Pea-1 | 67.35
VL-7 57.49
Arkel 46.16
Bonneville 56.82
Arka Kartik = 73.25

JM-2 64.25

Palam Priya | 59.12

Mean 59.08
CD Variety
Zones

Plant height (cm)

Zone Il

61.32

55.87

71.45

65.79

50.79

65.24

71.75

64.57

70.27

64.12

Variety X Zones
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Table.1 Performance of pea varieties at different zones with respect to growth parameters

Zone 1l

67.97

58.39

77.38

72.21

56.53

74.57

80.39

73.38

74.75

70.62

Mean

63.05

53.88

72.06

65.16

51.16

65.54

75.13

67.40

68.05

64.60

4.54
3.05
11.20

No. of branches/ plant

Zone |

18.35

13.10

10.34

12.42

12.86

13.74

10.37

12.01

13.90

13.25

Variety

Zones

Zone Il

1551

12.51

11.21

15.98

11.42

12.35

11.83

13.62

14.51

13.28

Variety X Zones

Zone 1l

13.32

12.53

11.35

12.57

11.97

15.38

12.96

12.41

16.32

13.32

Mean

15.73
12.71
10.97
13.66
12.08
13.82
11.72

12.68

14.91

13.28

1.80
NS
4.45
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Days to first flowering

Zone |

46.28
39.95

38.46

39.34

37.53

47.45

47.32

40.66

44.81

42.42

Variety
Zones

Zone Il

50.31

49.73

49.95

48.37

43.21

51.76

51.55

45.62

50.92

49.05

Variety x Zones

Zone Il

56.28

54.49

56.87

54.09

48.66

58.79

57.17

53.25

56.82

55.16

Mean

50.66

48.06

48.43

47.27

43.13

52.67

52.01

46.51

50.85

48.88

3.55
2.90
8.28

Days to first pod picking

Zone |

58.05

60.58

57.12

55.53

52.32

72.39

70.52

65.32

66.52

62.04

Variety

Zones

Zone Il

68.32

71.62

63.11

62.34

59.29

78.32

76.42

70.59

74.21

69.36

Variety x Zones

Zone IlI

75.05

79.53

80.62

68.71

65.78

83.92

83.57

78.21

81.65

77.45

Mean

67.14

70.58

66.95

62.19

59.13

78.21

76.83

71.37

74.13

69.61

6.32
4.89
12.29
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Table.2 Performance of pea varieties at different zones with respect to yield contributing traits

Variety Number of pods/ plant Pods length (cm) Pod weight (g) Number of seeds/ pod Pod yield/ plant (g)
Zonel | Zonell  Zone lll Mean Zone | Zone |l Zone Il Mean Zone | Zone |l Zone Il Mean Zone | Zone |l Zone Il Mean Zone | Zone |l Zone 1l Mean
PB-89 17.88 17.25 17.01 17.38 | 10.96 10.32 9.38 10.22 5.97 5.85 5.80 5.88 9.93 9.58 9.01 9.50 88.73 84.35 82.97 85.35

Azad Pea -3 1478  13.21 1220 1340 6.27 6.95 7.98 7.07 3.51 4.01 5.07 4.20 7.11 6.25 5.83 6.40 6121 59.81 60.38  60.47

Azad Pea -1 1145 | 11.21 11.32 | 1133 @ 5.90 6.93 7.62 6.82 3.28 4.29 4.72 4.10 7.28 6.51 4.98 6.26 = 51.09 &= 50.92 50.37 | 50.79

VL-7 1691 1794 16.89 1725 6.46 8.15 7.87 7.49 4.57 5.57 5.69 5.28 6.25 7.53 5.64 6.47 7692 7775 7592  76.86

Arkel 16.68 | 15.56 1498 @ 1574 @ 6.37 7.53 8.72 7.53 3.9 5.02 5.70 4.87 7.01 6.92 5.26 6.40 = 59.56 @ 56.75 58.35 | 58.22

Bonneville 16.53 = 16.25 1538  16.05 5.60 6.28 7.46 6.45 524 4.92 5.11 5.09 6.92 7.21 5.75 6.63 7402 7252 73.75 7343

Arka Kartik | 1122 = 13.32 13.11 | 1258 @ 5.42 5.87 7.00 6.10 3.27 3.87 4.10 3.75 4.90 6.78 5.92 587 | 56.27 & 58.53 57.87 | 57.56

IM-2 15.79 = 16.64 16.74 1639 471 5.68 6.34 5.58 3.01 4.12 4.80 3.98 5.10 7.35 6.01 6.15 6296  63.95 5599  60.97

Palam Priya | 16.71 | 17.37 1797 1735  7.48 8.38 9.40 8.42 5.66 5.75 5.82 5.74 6.73 8.92 9.86 850 | 79.95 | 78.82 81.32 | 80.03

Mean 15.24 1542 15.07  15.27 6.57 7.34 7.97 7.30 4.49 4.86 4.96 481 6.47 6.95 7.45 6.96 6991 67.64 66.67  68.07
CD Variety 2.13 | Variety 3.52 Variety 1.15 Variety 2.40 Variety 8.75
Zones NS Zones 2.60 Zones 0.29 Zones 1.77 Zones NS
Variety X Zones 6.93 | Variety x Zones 7.48 Variety X Zones 1.31 Variety X Zones 3.20 Variety X Zones 10.35
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Table.3 Performance of pea varieties at different zones with respect to yield and quality traits

Variety Pod yield/ plot (kg)

Zonel Zonell Zone lll
PB-89 17.61 16.08 15.98
Azad Pea -3 10.71 13.51 13.42
Azad Pea -1 10.24 10.62 11.19
VL-7 1412 1545 1461
Arkel 11.21 115 12.3
Bonneville 13.87 16.88 14.98
Arka Kartik @ 10.54 10.01 11.75
JIM-2 10.86 11.02 11.26
Palam Priya 15.51 15.96 16.74
Mean 13.93 13.45 13.97
CD Variety

Zones

Variety X Zones

Mean
16.56

12.55

10.68

14.73

11.67

15.24

10.77

11.05

16.07

13.62

2.78

NS
3.53

Pod yield/ hectare (quintals)

Zone |
186.11

119.15
102.56

180.25

125.62

163.02

112.44
132.67

178.89

144.34

Variety
Zones

Zone Il
180.67

150.11

105.33

183.89

127.78

169.78

115.33

129.44

180.33

144.61

Variety X Zones

Zone Il
181.22

149.11

107.33

179.56

124.67

164.02

116.56

131.78

185.78

146.56

Mean
182.67

139.46
105.07

181.23

126.02

165.61

114.78
131.30

181.67

143.87

16.61
NS
21.02
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Zone |
17.20

16.25

16.59

16.90

17.11

17.23

17.05

17.57

17.34

17.03

Variety

Zones

TSS Content (°brix)

Zonell ~ Zone Il Mean
17.01 17.25 17.15
16.27 16.32 16.27
16.35 16.58 16.51
17.01 16.87 16.93
16.95 17.01 17.02
17.85 16.69 17.26
16.83 16.88 16.92
17.71 17.82 17.70
17.94 17.46 17.58
17.10 16.99 17.04

0.80

NS

Variety X Zones

NS

Shelling percentage(%o)

Zonel  Zone ll
51.06 52.32
43.73 45.29
43.03 44.21
52.16 51.11
42.51 43.25
43.17 42.92
42.79 41.52
43.75 50.01
50.51 51.52
45.21 46.23

Variety

Zones

Variety X Zones

Zone Il
53.32

49.78

48.37

50.78

44.87

47.91

41.75

51.74

51.73

48.37

Mean
52.23

46.27

45.20

51.35

43.54

44.67

42.02

48.50

51.25

47.23

4.82

NS
4.27
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Figure 6: Pod yield per hectare
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Yield and quality parameters

Different varieties of garden pea were studied
with respect to number of pods per plant, pod
weight, pod length, number of seeds per pod,
pod yield per plant, pod yield per plot, pod
yield per hectare(g/ha), shelling percentage as
well as TSS content. Perusal of data presented
in Table 2 and 3 revealed significant effect of
varieties, zones and their interaction on
different yield and quality traits. There was
significant difference among varieties of
garden pea with respect to number of pod per
plant. Maximum number of pods per plant
was observed in variety PB-89 (17.38) which
was at par with Palam Priya (17.35) and VL-7
(17.25). Minimum number of pods per plant
was observed in variety Azad Pea-1 (11.33)
followed by Arka Kartik (12.58) and Azad
Pea-3 (13.40). The effect of different zones
was non- significant for this trait. The variety
x zone interaction effect was significant with
maximum number of pods per plant in variety
PB-89(17.88), VL-7 (17.94) and Palam Priya
(17.97) in zone 1, zone Il and zone IlI
respectively. The lowest number of pods was
observed under Arkel (11.22) in zone | and
Azad Pea 1 (11.21 and 11.32) in zones Il and
Il respectively. Number of pods per plant
related to plant height. Vigorous varieties
produced more pods while number of pods
decreased with decrease in plant height,
which might be attributed to genetic makeup
of the plants. Some researchers observed
number of pods per plant as the most useful
yield component. These findings are in
agreement with Khan et al., (2013) and Singh
etal., (2017).

The effect of different varieties, zones and
their interactions were found to be significant
for pod length of garden pea. Among different
varieties PB-89 (10.22 cm) showed maximum
pod length which was at par with Palam Priya
(8.42cm), Arkel (7.53 cm) and VL-7 (7.49
cm) whereas, minimum pod length was

observed in JM-2 (5.58 cm). Among different
zones maximum pod length was observed in
zone 11 (7.97 cm) followed by zone 11 (7.34
c¢m) and minimum in zone | (6.57cm). Among
the interactions maximum pod length was
found in variety PB-89 (10.96cm) and
minimum in variety JM-2 (4.71 cm) in zone |.
In general, pod size is a varietal character, but
it is also affected by vigour of plant. Greater
availability of nutrients especially during pod
formation and development stages of more
vigorous pea varieties might have translocated
maximum of its reserved food material
towards pod formation and development.
Similar results were also reported by Khan et
al., (2013) and Kumawat et al., (2018).

Different varieties of garden pea showed
significant difference in green pods weight in
all the locations. Among the varieties PB-89
(5.88g) showed maximum pod weight and it
was found at par with Palam Priya (5.749),
VL-7 (5.28g) and Bonneville (5.09g). The
effect of different zones was significant with
maximum pod weight (4.969) in zone Il and
minimum (4.49g) in zone I. The variety x
zone interactions were also found to be
significant for this trait. Maximum pod weight
was found in case of variety PB-89 (5.97Q)
under zone | and minimum pods weight was
recorded with JM-2 (3.01g) in zone 1. This
variation might be due to the inherent
potential of cultivars and their interaction
with soil and climatic conditions. Similar
result also been reported by Khichi et al.,
(2016).

Number of seeds per pod indicated significant
effect of different varieties, zones and variety
X zone interactions on garden pea. Variety
PB-89 (9.50) showed maximum number of
seeds per pod which was at par with Palam
Priya (8.50). Minimum number of seeds per
pod was observed in variety Arka Kartik
(5.87). Among the three zones zone IlI
showed maximum number of seeds per pod
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(7.45) and zone | showed minimum number
of seeds per pod (6.47). Variety x zone
interactions showed maximum number of
seed per pod in variety PB-89 (9.93) in zone |
whereas, minimum number of seed per pod
was observed with Arka Kartik (4.90) in zone
I. Pod length has positive relationship with
number of seed per pod. These results are
similar to those of Arshad et al., (1998) who
observed that numbers of seeds are correlated
with pod length. The more is the pod length,
the more is number of seeds and vice versa.
The possible reason of less number of seeds
per pod may be that environment was not
suitable at the time of pollination and
fertilization. These findings agree with Ofga
et al., (2017).The effects of varieties and
variety x zone interactions were found
significant for pod yield per plant but effect of
different zones was found to be non-
significant. Among different varieties PB-89
(85.35g) showed maximum pod yield per
plant and it was at par with varieties Palam
Priya (80.03g) and VL-7 (76.86Q).Variety x
zone interactions showed maximum pod yield
per plant for PB-89 (88.73g) in Zone | and
minimum pod yield per plant was observed
with A P-1(50.37g) at Zone IIl. Yield is a
complex character determined by the
interaction of many heritable characters with
soil, climate and agronomic conditions.
Maximum vyield requires maximum vegetative
growth during crop establishment. Similar
findings have been reported by Alam et al.,
(2010).

The effect of varieties and variety x zone
interactions were significant for pod yield per
plot as well as for pod vyield per hectare
whereas the effect of zones was found to be
non-significant for these traits. Pod yield per
plot revealed maximum values with PB-89
(16.56 kg) which was at par with Palam Priya
(16.07 kg) and minimum value was observed
for Azad Pea 1(10.68kg) and it was
statistically at par with Arka Kartik (10.77kg).

Among the interaction effect maximum yield
per plot was observed with PB-89 (17.61 kg)
in zone | and minimum in Azad Pea 1(10.24
kg) in zone I. Green pod yield per hectare
revealed maximum values with PB-89
(182.67 g) and it was statistically at par with
Palam Priya (181.67 q) and VL-7(181.23).
Among the interactions of variety x zones
maximum and minimum Yyield per hectare
was found inPB-89 (186.11 q) and Azad Pea
1 (102.56) in zone | respectively. More yields
in different genotypes may be due to optimum
plant survival, long and more number of seeds
per pod, which ultimately contributed
significantly towards final yield. The
performance of a cultivar mainly depends on
interaction of genetic makeup and
environment. These findings are in agreement
with Arshad et al., (1998). The effect of
varieties was significant whereas effect of
zones and variety x zones interaction showed
non-significant effects on total soluble solids.
Different varieties of garden pea exhibited
significant difference in total soluble solids
(TSS). Highest TSS was observed in variety
JM-2 (17.70°%rix) which was followed by
Palam  Priya  (17.58%brix),  Bonneville
(17.26%rix) and PB-89  (17.15%rix).
Minimum TSS was recorded in Azad pea-3
(16.27°rix).

Different varieties of garden pea exhibited
significant difference in shelling percentage.
Highest shelling percentage was observed in
variety PB-89 (52.23%) which was followed
by VL-7 (51.35%) and Palam Priya (51.25%)
with at par performance. Minimum shelling
percentage was recorded in Arka Kartik
(42.02%). The interaction effect was also
found significant for this trait with maximum
shelling percentage (53.32%) of PB-89 at
zone Il and minimum (41.52%) in Arka
Kartik at zone II. Similar findings have also
been reported by Chaudhary et al., 2004) and
Agarwal et al., (2006).
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In conclusion, there was a considerable
variation among all the genotypes for most of
the parameters studied on different
experimental sites. PB-89 performed best at
the lowest altitudinal range by having
maximum green pods per plant, highest green
pod weight, green pod length, maximum
number of branches per plant and highest
yield in zone I. Variety VL-7 proved to be the
best performer for zone Il by having
maximum number of branches per plant,
green pods per plant, seed yield per plantand
highest yield whereas, Palam Priya performed
best in the zone 11l with maximum number of
green pods per plant, green pod weight and
green pod yield.
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