Original Research Article

Investigation of Microclimatic condition under different color of net on
Growth and Development of Bell Pepper inPrayagraj, (U.P) India

ABSTRACT

The field experiment was conducted at Nursery Farm, Department of Environmental  Sciences, Sam
Higginbottom University of Agriculture, Technology and Sciences, Prayagraj during rabi. season. The
experiment was laid out in Randomized Block Design, consisting of treatments i.e., four shade net viz.,
green, red, white, black including controlled condition replicated thrice. This study (2022) was conducted to
investigate the comparative effect of two environment (controlled field- vs. shade net field), three date of
transplanting (15 Oct, 30 Oct and 15 Nov). the highest fruit number, fruit weight, marketable yield was
obtained when the crop was grown in the shade net under green shade net on 30 Oct. Accumulated heat unit
occur under third date of sowing. Thus, the use of green shade net not.only protects plants from the excessive
heat but also increase the metabolic process in the plants by maintain the optimum temperature from the

outer environment.
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1. Introduction

India is a country with immense diversity and is known for its richness for different spices. Among the
spices Capsicum spp. is considered one ofthe most important commercial spices all over the world. Itis a
member of Solanaceae family and includes 30 species and around 400 varieties (Bhalabhai et al.,2021).
Capsicum is derived from the Greek word ‘kapsimo,” meaning ‘to bite.” It is originated in the Andes
Mountains, in north-western South America. It is reported that humans were using wild chili peppers as
early as 8000-10,000 years ago while its dispersal, domestication, and diversification in different parts of
world have been documented over 6000 years ago. The crop was first introduced in India by the
Portuguese towards the end of the fifteenth century and to north eastern India by Christian missionaries.
Different agro climatic zones withinour country have helped adaptation and diversification of Capsicum,
building a repository of many unique, well and less bred landraces, particularly in the North Eastern
Himalayan states (Jha et al.,2021).

India is the largest producer, consumer, and exporter of Capsicum in:the world. It contributes about 36%
to global production of Capsicum and exports about 20% -of its total production. The production of
Capsicum in India is dominated by the state of Andhra Pradesh, which contribute 53% of the total
production followed by Karnataka 9%, Odisha 6%, West.Bengal 6%, Maharashtra 5%, and Madhya
Pradesh 4%. Capsicum is also cultivated in other parts of India including the north-eastern states
(Rudrapal et al., 2020).

The production level of bell pepper.is very high because of its nutritional, therapeutic, and
pharmaceutical values. Bell pepper. contains high amount of vitamin B6, vitamin A, various minerals
such as iron, potassium, calcium, thiamin (Chakrabarty et al., 2017) and magnesium help to reduce the

amount of cholesterol and increase immunity (Grubben et al., 2004).

The efficiency of distinct characters such as inflorescence and seed color to differentiate the various
Capsicum spp«has-been described by (Ortizet al., 2010). Generally, it is oblong or conical in shape, 4-7
mm wide.and 10-20 mm in length. It has long straight pedicel and calyx with five cup-shaped toothed
which is attached to the smooth glacial pericarp. Pericarp is wrinkled, thin and orange-red too dark in
color. Internally a membranous septum separates the pericarp into two cells. Each cell contains around 5-
10 small, disc shaped and whitish yellow seeds. The cross section of bell pepper fruit displays outer layer
epidermis made up of 5-7 rows of sub rectangular cells followed by mesocarp which comprises of
cellulosic polygonal parenchyma. Crystals of calcium oxalate and minute vascular bundles are present in
mesocarp. It also contains chromatophoreswhich are yellowish droplets of the oil. After the mesocarp
there is a layer made up of massive cellulosic cells. Endocarp of the fruit has tissues with lignin

deposition, curved cells, and the flecks of sclerenchyma.



Generally, Capsicum spp. are grown as a spice in the equatorial regions of the countries like India,
Mexico, United States of America, Japan, Turkey, and African States. Around 68% of world’s total green
chilli was produced in Asian region and the highest five bell pepper producer countries were China,
Turkey, Mexico, Indonesia, and Spain. After China and Pakistan, India is also considered as one of the
largest bell pepper producers (Parvez et al., 2017).

Since the initial stages of farming, sweet pepper has been considered as a part of a human nutrition
(Pawar et al., 2011). It is believed that chili pepper is originated from northern Amazon basin and due to
this reason, it has spread over the regions of Central America, South America, the West Indies, and the
states of U.S.A. The oldest variety of sweet pepper in the globe is the Tepin or Chiltepin pepper which is
usually known as the “Mother chilli” (Mehta et al., 2017). As stated in many Paleo-archaeological
reports, the origin of sweet pepper is around 7500BC from cave dig out<in Mexico and prehistoric
cemeterial grounds in Peru (Pandit, et al., 2020). With the help of pre-historical records at places
situated in southwestern Ecuador, it can be predicted that sweet peppers were domesticated over 6000
years ago. Christopher Columbus for the first time termed them “peppers’ because of their similar
appearance with white and black pepper of genus Piper of Europe and carried pungent hot taste (Pawar
et al., 2011). After Columbus, sweet pepper was spread throughout the world. It was Fuchs, who
proposed for the first time in 1543, the botanical term-Capsicum, which was adopted later in 1753 by
Linneo. The name would be the Neolithic derivation.of Greek “Capsa,” which refersto the peculiar shape
of the fruit (Tripodi et al.,2019). As this study aimed to understand the microenvironment of field grown
bell pepper under different shading net to evaluate the effect of different shade color. Colored shade
netting is a relatively new tool that can be used for a wide variety of purposes by horticulturists. Shade
net fulfil the task of giving ‘appropriate micro-climate conditions to the plant. Thus, an improved
understanding of modification of crop” microclimate through structural and agronomic interventions that
improve the highest fruit number, fruit weight, early yield, marketable yield, and total yield through

optimization of soil-and air temperature.



2. Material and Methods
The present investigation was done in Prayagraj, India, during the rabi season of (2022) at the Nursery
Research Farm, Department of Environmental Sciences & NRM, Sam Higginbottom University of
Agriculture, Technology and Sciences (SHUATS). (U.P). The experimental site of the research farm which
falls under Geographical Co-ordinates of Prayagraj District which is located at 2558 N latitude and 81°52'E
longitude with an altitude of 98 meter above mean sea level and is situated 5km away on the right bank of
Yamuna-river. Representing the Agro- Ecological Sub Region [North Alluvial plain Zone (0-1% slope)] and
Agro-Climatic Zone (Upper-Gangetic Plain Region). The current study was set up in.a randomized block
design (RBD) with fifteen treatment combinations in four shading nets with 75%with total length of 150m x
3m width includes red shade, white shade, black shade, and green shade, and one controlled condition with
three replications. Each replication was assigned at random, dividing the research location into forty-five

plots. The bell pepper variety California wonder pepper was grown during the experimental year 2022.

Table 1 Treatment combination

Treatment No. Treatment-Combination
Tl D1S1(Controlled)
T2 D2S1
T3 D3S1
T4 D1S2 (Red shade)
T5 D2S2
T6 D3S2
T7 D1S3 (Black shade)
T8 D2S3
T9 D3S3
T10 D1S4 (White shade)
T11 D254
T12 D354
T13 D1S5 (Green shade)
T14 D2S5
T15 D3S5




3. Result and Discussion

Table 2. Growth influenced by shade net and date of transplanting.

Treatment Plant height Number of leaves

T1 D1S1 441 49.3
T2 D2S1 45.7 54.3
T3 D3S1 48.0 58.3
T4 D1S2 46.5 54.7
T5 D2S2 46.6 61.3
T6 D3S2 48.0 57.3
T7 D1S3 51.3 58.0
T8 D2S3 56.1 59.0
T9 D3S3 50.4 64.0
T10 D1S4 49.5 58.7
T11 D2S4 47.0 60.7
T12 D3S4 48.0 59.7
T13 D1S5 46.2 64.7
T14 D2S5 43.9 66.3
T15 D3S5 47.1 64.3

S.Em C.D. S.Em C.D.

Due to shade net 0.706 2.055 1.217 3.543

Due to date of transplanting 0.547 N/A 0.934 2.785

Interaction (SxD) 1.222 3.559 2.108 N/A

3.1 Growth-parameter: Plant height and Number of leaves
A perusal of this Table 3 reveals that there was a steady increase in the plant height at 150 DAT, the
significant relationship was found in 150 days of crop due to shading net and date of transplanting and the
maximum height at 150 DAT is 56.1 cm under black shade net and minimum height is 47 cm under white
shade net. Plants cultivated in low light environments were shown to be more apical dominant over high light
environments, this increased auxin transport caused cell elongation below the zone of the apical meristem,
resulting in taller plants under shade net. The results were in accordance with Rao (2023) and Diaz-Perez et
al., (2019). In number of leaves the significant increase in the number of leaves per plant increases under
green shade followed by white shade net due to adequate supply of the solar radiation which allowed the

plant tissue to maintain its temperature than the outdoor temperature.



Table 3. Leaf area index influenced by shade net and date of transplanting.

Treatment DAT Shade color Leaf Area (sq. m) | Leaf area index
T1 D1 Controlled 8.6 3.10
T2 D2 Controlled 8.5 3.07
T3 D3 Controlled 9.2 3.32
T4 D1 Red 15.6 561
T5 D2 Red 14.0 5.04
T6 D3 Red 14.1 5.06
T7 D1 Black 8.8 347
T8 D2 Black 12.6 4.54
T9 D3 Black 11.5 4,14
T10 D1 White 9.8 351
T11 D2 White 16.5 5.96
T12 D3 White 8.5 3.07
T13 D1 Green 115 414
T14 D2 Green 4.7 1.68
T15 D3 Green 7.2 2.59

3.2 Leaf area index

A perusal of this (Table 3) reveals that the Leaf area index of the bell pepper was highest under white shade
net 5.96 in second date of transplanting under white shade net. White shade net exhibit special optical
properties for control of light and modify the microclimate and provide physical protection against the
excessive radiation. Under low light, plants often get features to capture the more optical energy such as leaf
area enlargement. Leaf thickness is affected by the thickness of the tissue layer on the leaves, such as
mesophyll tissue. Leaves in sun area are thicker and smaller with low stomatal density on both leaf surfaces.
As a result, plant.under low light intensity have larger leaves than those grown under high light intensity.
Moreover, a decrease in leaf size in full sunlight area will reduce leaf temperature, potential water loss and

damage to leaf photosystems. The similar studies were found in the Setiawati et al., (2018) and Meena et al.,

(2014).




Table 4. Dry matter influenced under shade net and date of transplanting.

Treatment
DAT Shading net Dry matter
T1 D1 Controlled 43.8
T2 D2 Controlled 515
T3 D3 Controlled 52.7
T4 D1 Red 57.1
T5 D2 Red 55.4
T6 D3 Red 45,2
T7 D1 Black 44,3
T8 D2 Black 49.9
T9 D3 Black 51.2
T10 D1 White 42.9
T11 D2 White 57.8
T12 D3 White 415
T13 D1 Green 35.6
T14 D2 Green 38.0
T15 D3 Green 46.3

3.3 Dry matter

A perusal of this (Table 4) reveals that total dry matter production of plants under controlled condition was
significantly low compared.to other shade nets, due to better microclimatic condition in color shade nets.
Total dry matter production occurs in white shade net (57.8%) followed by red shade (57.1%), controlled
(52.7%), black shade. net (51.2%) and green shade (46.3%). The greater production of the dry matter occurs
in white shade net due to the high metabolic activity because it radiates the optimum amount of the sunlight
to the plants-and protects plants from the excessive heating and filter out the excessive UV radiation which
directly cause the tissues of the cell present in the leaf surface of the crop which contribute in the formation

of the photosynthesis.



Table 5. Agrometeorological Indices

D1 (15/10/2022)

Phenophases
GDD PTU HTU
Transplanting to plant establishment 163.2 1893.12 1235.33
Vegetative stage 412.2 4565.99 2996.84
Flowering to pollination stage 318.2 3394.49 1892.39
Pollination to fruiting stage 113.7 1216.59 509.31
Fruit to ripening stage 230 2576.62 1830.49
Ripening to first picking 281.3 3310.36 2586.46
Total 1518.6 16957.17 11050.82
Phenophases D2 (30/10/2022)
GDD PTU HTU
Transplanting to plant establishment 146.7 1621.79 1140.34
Vegetative stage 323.6 3507.71 2996.84
Flowering to pollination stage 235.1 2498.21 1405.84
Pollination to fruiting stage 192.9 2119.23 1177.66
Fruit to ripening stage 307.5 3554.27 2799.55
Ripening to first picking 288.7 3464.4 1929.98
Total 14945 16765.61 10515.88
Phenophases D3 (15/11/2022)
GDD PTU HTU
Transplanting to plant establishment 119.7 1304.73 785.81
Vegetative stage 242.3 2585.8 1497.89
Flowering to pollination stage 225.3 2410.44 1087.75
Pollination to fruiting stage 249.4 2818.22 2167.39
Fruit to ripening stage 352.9 4215.27 2749.52
Ripening to first picking 343 4267.48 2742.46
Total 1532.6 17601.94 11030.82




Table 6. Accumulated heat unit of the bell pepper with different phenophases stages under different

date of transplanting.

) ) Total accumulation
From transplanting to maturity
GDD PTU HTU
D1 1518.6 16957.17 11050.82
D2 1494.7 16765.61 10515.88
D3 1532.6 17601.94 11030.82
S.Em () 125.56 14179 900.5
C.D. (0.5)
352.88 984.9 2531.05

3.4 Agrometeorological Indices

The highest total accumulated heat unit occur under third date of sowing (1518.6), the total photothermal unit
and heliothermal unit occur under third date of sowing (17601.94) and (11030.82).

This signify that the temperature and growing length period has linear relationship in which with increase in
temperature the growing length period of the crop become shorter and lower the temperature, longer the
duration. The heat unit concept, also called heat sums, day degrees, growing degree days (GDD) or degree

days is a measure of relative warmth of growing season of a given duration.



Table 7: Correlations matrix for Climatic factors and plant height

Tmax Tmin Tavg Pheight
. 1 892" 974" -853"7
Pearson Correlation
Tmax . .
Sig. (2-tailed) .000 .000 .000
N 90 90 90 90
. 892" 1 971" -862"
Pearson Correlation
Tmin
Sig. (2-tailed) .000 .000 .000
N 90 90 90 90
_ 974" 971" 1 -8827
Pearson Correlation
Tavg i i
Sig. (2-tailed) .000 .000 .000
N 90 90 90 90
. -853" -862" -882" 1
Pearson Correlation
Pheight
I 5ig. (2-tailed) 000 000 000
N 90 90 90 90




**. Correlation is significant at the 0.01 level (2-tailed).

Table 8: Descriptive Statistics for plant height with temperature.

td. Deviati N
Mean S eviation
27.15 4759 90
Tmax
. 13.13 4539 90
Tmin
20.14 4521 90
Tavg
. 32.14 9.392 90
Pheight

3.5 Correlation matrix

A correlation matrix is a table of correlation coefficients for a set of variables used to
determine if a relationship exists between the variables. The coefficient indicates both the
strength of the relationship as well as the direction (positive vs. negative correlations). From
the perusal of Table 7, the temperature is the active factor for growth of plant or crops.
Correlation studies were performed on plant height with other factors are maximum
temperature, minimum temperature. The study results indicate the negative correlation
between maximum and minimum temperature. In correlation matrix maximum temperature
has maximum value with the average temperature (0.974) and minimum value with the
plant height (-0.853). In minimum temperature the maximum matrix occurs under average
temperature (0.971) and minimum under plant height (-0.862).

Thus, which conclude that the plant height decreases with the increase in temperature by

impacting the negative effect on it.



Table 9. Number of fruits and Fruit yield influenced under shade net and date of
transplanting.

Treatment DAT Shade Number of fruits Fruit yield
T1 D1 Controlled 12 132.7
T2 D2 Controlled 7 198.0
T3 D3 Controlled 12 2097
T4 D1 Red 13 129.3
T5 D2 Red 13 1110
T6 D3 Red 12 1595
T7 D1 Black 11 1535
T8 D2 Black 15 258.7
T9 D3 Black 11 276.0
T10 D1 White 17 121.3
T11 D2 White 19 271.7
T12 D3 White 27 222.3
T13 D1 Green 20 181.7
T14 D2 Green 18 333.7
T15 D3 Green 16 263.7

3.6 Number of fruits and-fruit yield.

The total accumulation of number of fruits occurs under green shade net followed by white
shade net, red shade,black shade, and controlled shows in table (8). The higher amount of the
fruit yield occurs in the green shade net. Green shade reflects optimum quality of the light to
plants of bell pepper to secure a better growth under green shade net. Green shade not only
protects plants from the excessive heat but also increase the metabolic process in the plants

by maintain the optimum temperature from the outer environment.



Table 10 Cost benefit ratio of Bell pepper.

Treatment | Date of Shade Cost of Gross Net return | Benefit cost
transplanting cultivation | return ratio
T1 D1 Controlled 66,266 92,867 39,867 1.6
T2 D2 Controlled 66,266 1,38,600 92,134 24
T3 D3 Controlled 66,266 1,46,767 | 1,01,467 25
T4 D1 Red 80,000 90,533 23,467 13
T5 D2 Red 80,000 77,700 8,800 1.1
T6 D3 Red 80,000 1,11,650 47,600 1.6
T7 D1 Black 80,000 1,07,450 42,800 15
T8 D2 Black 80,000 1,81,067 | 1,26,933 2.6
T9 D3 Black 80,000 1,93,200 | 1,40,800 2.8
T10 D1 White 80,000 84,933 17,067 1.2
T11 D2 White 80,000 1,90,167 /| 1,37,333 2.7
T12 D3 White 80,000 1,55,633 97,867 2.2
T13 D1 Green 80,000 1,27,167 65,333 18
T14 D2 Green 80,000 2,33,567 | 1,86,933 33
T15 D3 Green 80,000 1,84,567 | 1,30,933 2.6

3.7 Cost benefit ratio

The total cost of cultivation accumulates Rs. 66,266 for unshaded area and Rs.80,000 for

shaded area for the fifteen treatments. Each treatment was covered with different color of

shading net. Data pertaining to the gross returns as influenced by various treatment under

shade net are presented in table 7. Gross returns 2,33,567 Rs/hac was found to be highest

treatment with date of transplanting second and the minimum gross return was found under

red shade net 77,700 Rs/hac. Data pertaining to the benefit cost ratio (B:C) as influenced by

various treatments are presented in Table 8. Benefit cost ratio were found to be highest under

green shade net 3.3 in second date of sowing and the minimum cost ratio to be lowest under

red shade net 1.1 in first date of sowing compared to other treatments.




4. Conclusion
In eastern plain zones of Uttar Pradesh, cultivation of Bell pepper with the application of the
four-shade net and one controlled condition occurs more desirable under Black shade for
height and chlorophyll content. Under white shade, the dry matter and leaf area index occur
maximum under it. In terms of yield and yield attributes the maximum number of fruits occur
under green shade net and maximum weight gain occur under green shade net. It also records
the maximum gross returns, net return, and benefit cost ratio and the maximum B:C ratio
occur under green shade and minimum under red shade. So as far the study green shade net
shows the best result followed by other shade net. The conclusion is based on the results of

one year experimentation.
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