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Abstract: Bell pepper (Capsicum annuum L.) is highly sensitive to temperature variation and high temperature
promotes flower drops and reduce fruit yield. An experiment was undertaken to identify suitable planting time of bell
pepper and stable performed varieties for different plating dates during the winter season of 2011-12 and
2012-13 at U.B.K.V., Pundibari, West Bengal, India. The experiment was laid out in split plot design with 3
replications. Three planting dates (15" November, 30" November and 15" December) were allotted in sub plots
while 4 varieties (Mekong, California Wonder, JK Peeyali and Asha) were placed in main plots. Bell pepper
responded differently with the changes in planting dates irrespective of years. The 30" November planting date
emerged best in terms of different and growth and yield attributes. Among the varieties, Mekong emerged as
superior in terms of more number of fruits (10.24), fruit weight (65.50 g) and yield (670.76 g/plant and 18.11 t/ha)
while maximum beta carotene and vitamin C were recorded in the variety California Wonder (0.071 ug/100g fresh
fruits, 154.80 mg/100g fresh fruits, respectively). The interaction effect showed that variety Mekong transplanted on
15" December resulted in many fold improvement in the form of highest leaf area (8.79 cm?), maximum
number of fruits/ plant, fruit weight (86.93 g) and fruit yield (854.69 g/plant and 23.08 t/ha). The result established
that 30™ November is ideal for bell pepper planting and the variety Mekong is the most stable performing variety with
respect to the different planting dates.
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INTRODUCTION

Bell pepper or sweet pepper or Capsicum is a high
value luxury vegetable belongs to family Solanaceae.
Bell pepper occupies a pride of place among
vegetables in Indian cuisine because of its delicacy and
pleasant flavour. The fruit is a potential antioxidants
and rich in vitamin A and vitamin C. The crop is
highly sensitive to environmental stresses particularly
temperature. High temperature promoted flower drop
and reduced fruit set in bell pepper (Erickson and
Markhart, 2001). High day temperature (20-24°C)
along with low light intensity (30% shade) or higher
night temperature (24° C) prompted flower drop in bell
pepper (Rylski and Halevy, 1974). During high
temperature certain physiological changes occur within
the plant system like decrease in sugar content and
lower enzymatic activities which encourage abnormal
pollen and anther development, resulting in decrease in
pollen viability, pollen tube growth and abortion of
buds, flowers and young fruits (Turner and Wien,
1994). The optimal planting date is a date in which all
environmental factors (water, light, soil, etc.) will be

used by the crop in order to produce the maximum
yield (Ghovatia et al., 1993). The planting date should
therefore be identified in such a way that the crop has
the required time for germination, growth, flowering
and seeding and appropriate synchronization of flower-
ing with temperatures so that it can use the maximum
light and favorable temperatures and produce a high
quality yield (Nahardani et al., 2013). The prolong
winter and high soil moisture of terai region encour-
ages cultivation of bell pepper during winter months.
However, delayed planting and wrong selection of
varieties resulted in inconsistent yield and poor return
from bell pepper cultivation. This clearly indicates the
necessity to identify the suitable varieties and optimum
planting time of bell pepper. However information
regarding the optimum time of planting as well as the
interaction effect in combination with varieties on
performance of bell pepper is scanty under moist
humid climate of eastern Himalayan region. Keeping
in view the tremendous potential of bell pepper, the
present study was formulated to evaluate the most suit-
able bell pepper varieties for different planting dates
and to select most stable performed variety under
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Table 1. Effect of planting dates and varieties on growth, yield and quality of bell pepper (Pooled mean of two years).
Treatment Plant Num- Leaf Leaf Daysto Daysto  Fruit Beta- Vitamin C
height ber of area chlorophyll 50% first har- weight carotene (mg/100g
(cm) leaves/ (cm?) (SPAD flower-  vesting (2 (ng/100g fresh fruit)
plant value) ing fresh
fruit)
Planting date level
P, 44.60 12732 5.78 54.23 98.24 130.21 64.47 0.066 143.21
P, 37.02 160.40 5.80 55.39 96.53 123.71 64.94 0.067 141.88
P; 29.88 180.84 5.6l 52.61 88.98 115.32 56.05 0.062 136.18
CD (P=0.05) 2.54 2.53 0.22 1.27 1.84 1.13 1.78 0.014 1.24
Variety level
Vv, 31.27 181.06 4.90 51.69 101.65 130.78 65.50 0.068 147.22
Vv, 3835 20648 4.45 47.71 108.94 134.67 43.16 0.071 154.80
V; 3464 105.83 5.01 56.87 84.42 108.13 63.13 0.056 119.30
V4 4441 13138 8.54 60.03 83.34 118.73 75.48 0.065 140.37
CD(P=0.05) 2.52 2.64 0.23 1.94 1.63 2.13 1.79 0.015 1.99
Interaction
PV, 36.44 146.68 4.48 46.32 107.82 138.70 55.59 0.061 140.48
PV, 36.44 146.68 4.48 46.32 107.82 138.70 55.59 0.061 140.48
PV, 47.83 171.61 4.77 52.69 115.33 139.68 52.32 0.080 165.24
PV, 4130 86.33 5.31 61.90 87.18 116.73 76.70 0.062 128.05
P,V, 52.84 104.66 8.55 56.00 82.65 125.72 73.27 0.063 139.48
P,V, 29.58 185.19 4.90 52.71 101.70 131.16 68.05 0.071 149.26
P,V; 3735 21271 4.53 48.28 103.81 135.07 44.48 0.071 152.04
P,V, 36.45 105.88 4.97 56.67 89.72 107.89 60.31 0.057 121.90
P;V, 4472 13781 8.79 63.90 90.90 120.71 86.93 0.070 144.32
P;V, 27.80 21130 5.32 56.04 95.43 122.47 72.87 0.073 152.32
P;V; 29.87 235.12 4.06 42.18 107.69 129.28 32.69 0.062 147.14
P;V, 26.19 12530 4.76 52.04 76.35 99.78 52.39 0.050 107.94
CD (P=0.05) 4.37 4.57 0.40 3.35 2.83 3.69 3.10 0.025 3.44

Treatment details: P;-15" November; P,-30™ November; P;-15" December; V,-Mekong; V,- California Wonder; V;- JK

Peeyali; V,4- Asha. CD: Critical difference.

different planting dates.
MATERIALS AND METHODS

The study was carried out at the Instructional Farm of
UBKYV, Pundibari, Coochbehar, West Bengal, India
during winter season (November to February) of 2011-
12 and 2012-2013. The site is located at 89°23'53" E
longitude and 26°19'86" N latitude and at 43 m above
mean sea level. The soil was sandy loam (63%, 22%
and 19% sand, silt and clay respectively) in texture and
slight acidic in reaction (pH 5.78). The initial soil
organic carbon was 0.82% and available N, P and K
contents were 172.12, 20.11 and 122.80 kg/ha respec-
tively. Three planting dates [15™ November (P;), 30™
November (P,) and 15™ December (P;)] were allotted
in sub plots while 4 varieties [Mekong (V,), California
Wonder (V,), JK Peeyali (V3) and Asha (V,)] were
placed in main plots. Thus, 12 treatment combinations
were laid out in split plot design with three
replications. The varieties Mekong, JK Peeyali and
Asha were hybrids whereas California Wonder was an
open pollinated variety. Bell pepper seedlings were

transplanted on 15" November, 30™ November and
15™ December for both the years in 3 m x3 m plots
with both ways spacing of 60 cm. Recommended
farmyard manure (15 t/ha) was applied three weeks
before transplanting and for the recommended
inorganic fertilizers (120: 60: 60 kg NPK/ha), full dose
of phosphorus and potash along with half nitrogen
were applied as basal and rest nitrogen was top dressed
in two equal splits at 30 and 60 days after transplant-
ing. The crop was raised adopting standard cultural
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Fig. 1. Meteorological parameters during the period of field
experiment.
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Table 2. Effect of planting dates and varieties on number of fruits and fruit yield of bell pepper.

Treatment Number of fruits/plant Yield/plant (g) Yield (t/ha)
2011-12  2012-13 Pooled 2011-12  2012-13 Pooled 2011-12 2012-13 Pooled
Planting date level
P, 8.15 8.72 8.44 540.38 534.58  537.48 14.59 14.43 14.51
P, 8.47 8.71 8.59 569.10  558.77 563.94 15.37 15.09 15.23
P; 7.81 8.06 7.93 459.07 465.03  462.05 12.39 12.55 12.48
CD (P=0.05) 0.61 0.83 0.43 52.51 27.74 24.66 1.42 0.74 0.67
Variety level
V) 9.62 10.85 10.24 647.48 694.03  670.76 17.48 18.74 18.11
Vv, 7.20 6.54 6.87 298.05 261.20  279.62 8.05 7.05 7.55
V; 7.88 8.04 7.96 529.87 497.61  513.74 14.31 13.43 13.87
V, 7.88 8.54 8.21 616.00 625.00  620.50 16.63 16.87 16.76
CD(P=0.05) 0.82 0.83 0.56 27.06 30.47 19.67 0.73 0.82 0.53
Interaction
PV, 7.91 9.42 8.67 445.60 496.21 47091 12.03 13.40 12.72
PV, 9.46 8.24 8.85 450.95 39132 421.14 12.18 10.56 11.37
PV, 8.41 9.91 9.16 783.08 739.40  761.24 21.14 19.96 20.55
PV, 6.83 7.31 7.07 481.90 511.39  496.65 13.01 13.81 13.41
P,V, 9.80 10.78 10.29 665.94 707.42  686.68 17.98 19.10 18.54
P,V, 7.31 6.81 7.06 298.00 269.11  283.56 8.04 7.26 7.65
P,V; 7.94 7.39 7.67 452.92 432.24 44258 12.23 11.67 11.95
P,V, 8.84 9.85 9.35 859.55 826.31 842.93 23.21 22.31 22.76
P;V, 11.15 12.36 11.76 830.90 878.47  854.69 22.43 23.72 23.08
P;V, 4.84 4.57 4.71 145.19 123.17  134.18 3.92 3.32 3.62
P3;V; 7.29 6.83 7.06 353.62 321.19 33741 9.55 8.67 9.11
P;V, 7.96 8.47 8.22 506.55 53731 52193 13.68 14.51 14.10
CD (P=0.05) 1.42 1.44 0.98 46.87 52.77 34.07 1.27 0.82 0.92

Treatment details: P;-15" November; P,-30" November; P;-15" December; V-Mekong; V,- California Wonder; V;- JK

Peeyali; V,4- Asha. CD: Critical difference.

practices. The observation were recorded for plant
height, number of leaves per plant, leaf area, leaf
chlorophyll, days to 50% flowering, days to first
harvesting, number of fruits/plant, fruit weight, fruit
yield, beta carotene content and vitamin C content of
the fruits. The chlorophyll content of the leaf was
measured at the time of flowering by portable
chlorophyll meter (SPAD 502; Minolta, Japan). The
beta carotene content of fruits (ug/100g) was estimated
by the procedure given by Srivastava and Kumar
(2010). The vitamin C content was determined
titrimetrically, using 2, 6 dichlorophenol indophenol
dye as per method suggested by Ranganna (1986).
Two years data collected on various parameters were
pooled and statistically analyzed as per method
suggested by Panse and Sukhatme (2000).

RESULTS AND DISCUSSION

Effect of planting dates: A perusal of data presented
in tables 1 and 2 depicted that different planting dates
showed significant (at 5% level of significance) effect
on performance of bell pepper and early planting (15™
November) resulted in maximum plant height (44.60
cm) and vitamin C content (143.21 mg/100g)
compared to later planting dates of 30™ November and
15™ December. The yield attributing characters were
significantly varied with the variation in planting time.

Bell pepper planted at 30" November emerged as best
in terms of more number of fruits (8.69/plant) and
maximum yield/plant (563.94 g) and total yield (15.23
t/ha) compared to later date (15" December) with
minimum number of fruits (7.93/plant) and fruit yield
(462.05 g/plant and 12.48 t/ha).The results revealed
that 30" November planting showed the highest
positive impact on the fruit yield/plant and increased
by 5% compared third planting date (15™ December)
and 18% compared to the first planting date (15"
November). The increase in yield components with
30™ November planting date may be attributed to
availability of favourable environmental condition
(Fig. 1) for appropriate synchronization of flowering
and subsequent transformation to fruits for producing
optimum yield (Nahardani et al., 2013). However, the
results are in contrast of the finding of Alam et al.
(2011) who recorded highest fruit yield of sweet
pepper (19.36 t/ha) under early planting date (1%
October). Oxley and Rivard (2014) also registered
highest yield under early planting of bell peppers
varieties. Reduction in fruit set in delayed planting
may be associated with decreased concentrations of
reducing sugars in flower buds and flowers that may
results failure of pollination and induce abscission of
flowers under high temperature condition (Wien et al.,
1989; Erickson and Markhart, 2001). Taskovics et al.
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(2010) also pointed that under high temperature
condition fruit set becomes poor and less developed
fewer fruits are produced.

Effect of varieties: The pooled results (Tables 1 and
2) revealed that among the varieties, Asha recorded the
maximum plant height (44.41 cm), leaf area (8.54
cm?), leaf chlorophyll (60.03 SPAD value) as well as
fruit weight (75.48 gm). However, the variety Mekong
recorded the maximum number of fruits (10.24/plant)
and fruit yield (670.76 g/plant and 18.11 t/ha). Among
the wvarieties, California Wonder recorded the
minimum number of fruits (6.87) and lowest fruit yield
(279.62 g/plant and 7.55 t/ha). Singh et al. (2011) also
reported lowest yield of California Wonder among bell
pepper varieties. The differential response by different
varieties may be due to differences in genetic
constituents of the varieties and variable environmental
condition (Bergefurd ef al., 2011). Saha et al. (2010)
observed that high temperature reduced the fruit set
percentage as well as fruit size of bell pepper varieties
and found that heat tolerance line produced higher
amount of proline in expressing the heat tolerant
capability. Significant differences for quality attributes
between the varieties were observed and the variety
California Wonder had recorded the highest beta
carotene and vitamin C content of the fruits (0.071
ug/100g fresh fruits, 154.80 mg/100g fresh fruits,
respectively). However, climatic conditions influenced
strongly on the quantity of ascorbic acid and high
temperature under late planting (Fig.1) decreased the
vitamin C content of the fruits. Pevicharova et al.
(2007) also recorded lower amount of vitamin C
content under higher temperature and stated that in bell
pepper fruits high day temperature decreased the total
vitamin C of fruits.

Effect of interaction of planting dates and varieties:
The result indicated a significant interaction between
planting dates and varieties for the growth, fruit yield
and quality attributes of bell pepper (Tables 1 and 2).
The pooled data showed that the variety Mekong in
combination with 15™ December planting had recorded
the maximum leaf area (8.79 cm?), highest leaf
chlorophyll content (63.90 SPAD value) and highest
fruit weight (86.93 g) along with maximum number of
fruits (11.76/plant) and fruit yield (854.69 g/plant and
23.08 t/ha). It seems that moderate temperature in late
planting date had a more positive impact on fruit
weight and number of fruits per plant for the variety
Mekong which enhanced the total fruit yield of the
plant (Fig 1). Thanopoulos et al. (2013) observed that
the growth and size of bell pepper fruits are highly
influenced by air temperature, daylight and relative
humidity particularly during anthesis, fruit set, fruit
development and maturation stages. The variety
Mekong under favourable planting date had emerged
as highly efficient in production and translocation of
assimilates to the developing sink and accelerated the
formation of more fruits and subsequently produced

higher fruit yield.
Conclusion

The findings concluded that 30™ November was the
most suitable time for bell pepper planting and among
the varieties Mekong was the most stable performing
variety with respect to the different planting dates.
However, Californian Wonder was best for early
planting (15™ November). Performance of hybrid va-
rieties was better over open pollinated varieties for
different planting dates.
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