Effects of Nitrogen and Phosphorus Application at Different Levels on Performance of Pea
(Pisum sativum L.) in Agroclimatic Zone-1lof Himachal Pradesh

Abstract

During the Rabi season of 2023, a field experiment was carried out at Agriculture Farm
Chamelti,Shoolini University of Biotechnology and Management Sciences Solan (H.P.).. The soil
in the experimental field was well-drained, with medium in organic carbon and+available
nitrogen, but high in available phosphorus and potassium. Four Nitregen-nitrogen levels viz., No-
Control, N;- 15 kg ha™ + Nano urea (2 ml L™), N,- 20 kg ha™, Ns- 25 kg ha® and four levels of
Phespherus-phosphorus viz., Po- Control, P:- 20 kg ha™, P,- 40 kg ha™+ Nano DAP (2 ml L™),
Ps- 60 kg ha™ and the GS-10 Mariety-variety of Pea-pea was: tested. in Factorial Randomized
Block Design (FRBD) with three replications. The experimental field results showed that
applying Nitrogen-nitrogen @ 25 kg ha™ (N3) and Phespherus-phosphorus @ 60 kg ha™ (Ps)
produced maximum growth parameters (plant -height, number of branches plant™, number of
leaves plant™, dry matter accumulation g plant™); yield contributing traits (pod length, number of
pods plant™, and number of grains pod™), and yield-(grains, stover, and biological). Furthermore,
it increased gross returns, net returns, and the B:C ratio when compared to other levels of
Nitregen-nitrogen and Phespherusphasphorus.
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Introduction

Pea (Pisum sativum L.) is a major pulse and vegetable crop of cool season in India as
well as worldand it belongs to the Leguminosae family. There are two types of peas that are
typically_grown, Field pea (Pisum sativum L. var. arvense) is commonly used to make 'dal’,
whilest.Garden pea (Pisum sativum L. var. hortense) is used as a green vegetable with wrinkled
seeds and a sweet taste (Joshi et al., 2020). Garden peas are mostly used as a vegetable
andadditionally, it is consumed as a pulse. Garden peas are sometimes planted for feed and green
manure, and their pods are occasionally fed to farm animals (Phom et al., 2014).

In the world basis, India ranks second to China in the production of pea. In India, it is
mainly grown in Uttar Pradesh, Madhya Pradesh, Punjab, Jharkhand, Himachal Pradesh, West
Bengal, Chhattisgarh and Haryana. having the area of 5,90,000 ha, production of 61,30,000 MT



and productivity of 10.39 t ha™ (Anonymous, 2021- 22a). Himachal Pradesh ranks fifth in India
with production of 328.80 million tonnes of pea annually over an area of 26 thousand hectare
(Anonymous, 2021-22b). In the early stages of growth, nitrogen fertilizers are critical for the
development of leaves, stems, and other vegetative parts they also help to raise the protein
content of peas (Bunker et al., 2018).

Nitrogen promotes growth in the leaf, stem, and other vegetative tissues. It also“increases
the amount of protein in peas. It is an essential component of proteins and chlorophyll; as well as
a variety of other compounds important to plant metabolism, such as enzymes, phosphatides,
alkaloids, vitamins, hormones, and nucleotides. It gives plants a deep green hue, accelerates their
early growth, and improves their ability to symbiotically fix nitrogen from the atmosphere.
Lowering the amount of nitrogen supplied to legumes during their early stages is critical for a
strong start (Sammauria et al. 2009). However, adding phosphorus is equally critical for
increasing growth and yield (Bunker et al., 2018).

Materials and methods

The experiment was conducted at Agriculture Ffarm Chamelti which is-lies in the heart
ofthe Solan district of Himachal Pradesh.The soil of the experimental field was well drained and
medium in organic carbon and available nitrogen while; high in phosphorus and potassium. The
climate of this region is generally characterized as sub-humid, sub temperate with cool winters.
The maximum temperature ranged from 1.07 to 28.23°C. the-The crop received 203.17 mm of
rainfall, which has been fairly distributed throughout the crop period.The recommended dose
(100% NPK 20:60:20.Kg ha™) as per the treatments was applied as a basal dose (at the time field
preparation) during. last ploughing. However, Nano Urea and Nano DAP were applied as a foliar
spray at 70 DAS in respective treatments only.For taking observations_from point of view, the
five plants were randomly selected and tagged in each net plotarea. The growth parameters were
recorded from the five tagged plants in each treatment and then the average value was computed
for consideration of final data. The plant height was measured from the tagged plants by using
the meter scale from ground level to the tip of the plant and then the average value was used for
final data. Total number of branches and leaves per plant (five tagged plants) was counted
manually and then the average value was taken for final data. For dry matter accumulation five
plants was harvested from the ground levels; thereafter, sun dried for fiew-a fewdays and then
oven dry-driedat 65+5(7 till a constant weight was achieved and finally the average value was



used for representation of data in the Table.The yield attributing characteristics were recorded
from the tagged plants and then the average value was computed for consideration of final data.
At the time of harvesting, firstly the border row was removed from each plot and then the net
plot area was left over in the field fer-tosun dry for 5 days. After sun drying, the biological yield
of pea was measured in each plot (net plot area) by using the weighing balance and then grains
are-wereremoved by manual threshing. Finally yield converted into g ha™ by multiplying with
appropriate conversion factor. The analysis of cost of cultivation is an important aspect which
that decides the option for the growers to choose the treatment combination-according. to their
investment capacity and production of crops. The total cost was calculated by adding the
expenditure incurred in all kinds of operations as per treatment on per hectare basis in terms of
Rs.ha™. The gross returns, net returns and B:C ratio was-werecomputed by using the formula
given below:
Gross returns (Rs. ha™) = Grain yield x Price + Stover yield x Price
Net returns (Rs. ha™) = Gross returns = Cost of cultivation
B:C ratio = Net returns/Cost of cultivation
Results and Discussion
Growth

Data pertaining to all growth'characters is presented in Table 1 and revealed that different
levels of nitrogen and phosphorus had significant differences.Among the nNitrogen levels, (N3)
had the tallest plant height (56.9 cm), maximum number of branches plant™ (12.1), number of
leaves plant™ (59.0), .and dry.matter accumulation g plant™ (20.27), followed by N, and Nj,
despite having the shortest plant height, minimum number of branches plant™, number of leaves
plant™, and dry matter g plant™ in (No).

Amongst the pRPhosphorus levels, (Ps) had the tallest plant height (56.4 cm), which was
statistically equivalent to (P2). The highest number of branches plant™ (11.6), number of leaves
plant® (58.5), and dry matter output g plant™ (20.58) of pea were recorded in (Ps) over the
remaining PRhesphorus—phosphorus levels. The shortest plant height, minimum number of
branches plant™, number of leaves plant™, and dry matter production (g plant™) were all recorded
under (Po). This might be due to the nNitrogen and pRhosphorus both are irvehseinvolved in
chlorophyll synthesis, cell division, increased in cell size, photosynthetic rate and increased root
growth of crop plant which expressed significant changes in the morphology. Phosphorus helps



in root growth which extract sufficient amount of water from the deeper layer of soil and helps in
the overall growth of the crop plant. Timely supplying moisture and additional application of
selphur—sulfur (source of phosphorus was single super phosphate which is—havinghas 12%
swlphursulfur) increased the photosynthetic rate. These results were closely related to Dar et al.
(2011), Singh et al. (2015), Metwaly et al. (2018), Singh et al. (2018), Shamad et al. (2019),
Mandloi et al. (2020), Tenikecier et al. (2021), Ram et al. (2021) and Gaharwar et al. (2023).
Yield attributes

Data pertaining to yield attributing characteristicsviz., sueh-as-pod length (cm), number of
pods per plant, number of grains per pod and seed index (g) were significantly affected by
Nitrogen-nitrogen and Phespherus-phosphorus levels Table 2. Nitrogen: levels (N3) were shown
to have a considerably higher maximum pod length (8.6 cm), number of:pods plant™ (11.31), and
number of grains pod™ (10.12) than the remaining Nitrogen-nitrogen. levels. Despite being the
least pod length (7.00 cm), the lowest number of pods plant™ (8.87)-and number of grains pod™
(8.21) were reported under (No). Among the Phespherus-phosphorus levels, (P3) had the highest
pod length (8.6 cm), number of pods plant™ (11.25) and number of grains pod™ (10.00), followed
by P, and Ps, although (Po) having-hadthe shortest pod length (6.9 cm), minimum number of
pods plant™ (8.73), and number of grains pod™ (8.20). These results are closely related to Sharma
et al. (2003), Chauhan et al. (2010),"Dar et al. (2011) Kumar et al. (2011), Tehria et al. (2014),
Das et al. (2015), Singh et al. (2015), Saket et al. (2017), Metwaly et al. (2018), Shamad et al.
(2019) and Akarsh et al. (2023).
Yield and harvest index

Pea yield is the sum of physicochemical processes occurring in the plant that are
influenced by-environmental conditions and management approaches. The economic yield of pea
depends on several factors, including pod length (cm), number of pods per plant, number of
grains per pad, and seed index (g). Data on seed, stover, biological yield and harvest index of pea
were affected by the application of different quantities of Nitregen-nitrogen and Phespherus
phosphorus and showed a significant difference (Table 3). The application of nitrogen (Ns)
resulted in the highest grain yield (19.53 q ha™), followed by nitrogen (N1). However, the
minimum grain production of 12.07 q ha™ was observed under Centrol-control (No) during the

course of examination. The application of N#tregen-nitrogen (Ns), (N1), and (N2) enhanced the
grain yield by 61.08, 39.93, and 18.06%, respectively, as compared to the Scontrol (Ny).Among



the nNitrogen levels, fertilization with nNitrogen (N3) produced the highest stover production
(28.19 q ha™), followed by (N:) and (N.). However, the lowest stover yield (18.53 q ha™) was
achieved under cControl (Ng). Amidst of the nitrogen levels, application of nNitrogen (Ns)
produced significantly highest biological yield (47.72 q ha™) of pea, followed by (N1) and (N.).
Though, the minimum biological yield of pea (30.60 q ha™) was recorded under cSontrol (No).
The nitrogen application had no effect on harvest index of pea, which ranged from"39.44 to
40.92%. The maximum harvest index (40.92%) of pea was obtained with the_ application of
Nitregen-nitrogen (Ns), followed by (N;) and (N2). However, without the application of Nitrogen
nitrogen Centrel-control (No), had a minimum harvest index with the value of 39.44%. The
increased grain yield with an increase in nitrogen levels might be due to nNitrogen is being
essential for the synthesis of chlorophyll and amino acids, which.enhances photosynthesis. This
increased photosynthesis causes a greater buildup of photosynthates, resulting in better yields.
Nitrogen also alters the source-to-sink connection, which promoting/enhanced transfer of
photosynthates to the plant's reproductive regions.

Among the Phespherus-phosphorus levels, the application of pRPhosphorus (P3) resulted in
the highest grain production of pea (19.24 q-ha™) followed by (P2). However, the minimum grain
yield of pea was achieved under c€ontrol (Po). The-application of phosphorus (Ps), (P2) and (P1)
improved grain yield by 62.91, 40.:22, and 27.94%, respectively as-compared to the cControl
(Po).Among the pPhosphorus levels, fertilization with pRhosphorus (P3) resulted in the highest
stover production of pea (28.07 q ha™), followed by (P,) 24.27 q ha™ and (P1) 22.29 q ha™. The
lowest stover yield (17:95 q ha™) of pea was achieved in cControl (Po). Among the pRhosphorus
levels, fertilization. with pRhosphorus (P3) produced significantly highest biological yield (47.31
q ha) of pea, followed by (P,) and (P;). However, the lowest biological yield of pea was
reported under c€ontrol (Po). The application of phosphorus at various levels had no effect on
the harvest index, which ranged from 39.68 to 40.66%. Among the various phosphorus levels,
(Ps) had the highest harvest index (40.66%), followed by (P2) and (P1). However, the c€ontrol
(Po) treatment, which received no phosphorus, had the lowest harvest index.Pea grain output
increased as the pPhosphorus levels this may be due to that phosphorus helping in grain
formation and additional supply of sulfphur (indirect) enhance amino acid synthesis. Further
addition of phosphorus helps root growth which increased extract moisture from the deeper layer

of soil. Application of phosphorus through single super phosphate accumulates more amide



substances and their translocation into reproductive organs of crop plants which influencing the
growth and yield.
Economic studies

The cultivation costs for nNitrogen and pPhosphorus ranged from 44981 to 45636 and
42090 to 47883 Rs. ha™, respectively. The highest cost of cultivation of pea was obtained with
fertilization of nNitrogen @ 15 kg ha™ + Nane—nano urea foliar spray (2ml L™)“(N;) and
Phespherus-phosphorus @ 60 kg ha™ (Ps), as compared to all other levels of nNitrogen and
pPhosphorus. While the lowest cultivation cost was achieved under Centrel-control (N, and
Po).Nitrogen fertilizer (N3) resulted in the highest gross returns (Rs..135414 ha') for pea,
followed by (N;) and (N2). However, the minimal gross returns (Rs. 84036 ha™) for pea were
obtained under cControl (No). The net returns of Pea-pea ranged from:Rs. 39055 to 90098 ha™
across nitrogen levels. The application of nitrogen (N3) fetched in the highest net returns for pea,
followed by nitrogen (N1) and nitregen-(N,). However, the minimal-net returns (Rs. 39055 ha™)
were obtained under Centrel-control (No).Among the phosphorus levels, (Ps) gave the highest
gross returns with a value of Rs. 133521 ha, followed by (P2) and (P1). However, the minimum
gross returns of pea (Rs. 82199 ha™) were obtained in treatment cControl (Py). Different levels of
phosphorus fertilization had a substantial effect on net returns, ranging from Rs. 40109 to 85638
ha™. Fertilization with pPhosphorus+(Ps) had the highest net returns, followed by P, and Pj.
However, the lowest net returns were observed under cControl (Po). The B:C ratio of pea
affected considerably during the research with nNitrogen and pRhosphorus levels. Among the
nNitrogen and pRhosphorus levels, the application of nNitrogen (N3) and (P3) resulted in the
highest B:C ratio, followed by N; and P,. However, a minimum B:C ratio was observed under
ccontrol (No and Po).
Conclusion

On the basis of experimental findings, it can be concluded that application of Nitregen
nitrogen @ 25 kg ha® (N3) and Phespherus—phosphorus @ 60 kg ha® (Ps) was—exhibited
significantly maximum growth parameters (plant height, number of branches plant™, number of
leaves plant™ and dry matter accumulation g plant™), yield attributing characteristics (pod length,
number of pods plant™ and number of grains pod™) and yield (grain, stover and biological).
Besides, it also increases gross returns, net returns and_the B:C ratio over other levels of Nitrogen

nitrogen and Phespherusphosphorus.



Table 1: Effect of Nitrogen and Phosphorus Levels on growth parameters of pea at harvest

Growth parameters

Treatments Plant height No. of branches No. of leaves Dry matter
(cm) plant™ plant™ (g plant™)

Nitrogen levels

No Control 49.55 10.36 5318 18.28

N; 15 kg ha™ + Nano urea foliar spray (2ml L™) 55.02 11.39 56.60 19.69

N, 20 kg ha™ 53.38 10.69 55.79 19.35

N3 25 kg ha™ 56.95 12:10 59.03 20.27

Sem + 0.38 0.11 0.29 0.17

CD (p = 0.05) 1.11 0.32 0.85 0.50

Phosphorus level

Po Control 49.74 10.71 53.54 18.36

P, 20 kg ha™ 52.79 10.98 55.61 19.19

P, 40 kg ha™ + Nano DAP foliar spray (2ml L™) 55.95 11.20 56.92 19.46

P; 60 kg ha™ 56.43 11.65 58.52 20.58

Sem * 0.38 0.11 0.29 0.17

CD (p =0.05) 1.11 0.32 0.85 0.50

Interaction Significant Significant Non-significant Non-significant




Table 2: Yield attributing characteristics of pea as influenced by different levels of Nitrogen and Phosphorus

Yield attributing characteristics

Treatments Pod length Number of pods | Number of grains Seed index
(cm) plant * pod™ (9)
Nitrogen levels
Ny Control 6.99 8.87 8.21 13.16
N; 15 kg ha™ + Nano urea foliar spray (2ml L™) 7.95 10.40 9.61 13.42
N, 20 kg ha™ 7.53 9.65 8.90 13.17
N3 25 kg ha™ 8.61 11:31 10.12 13.48
Sem + 0.09 0.14 0.11 0.15
CD (p =0.05) 0.27 0.41 0.33 NS
Phosphorus levels
Py Control 6.94 8.73 8.20 13.11
P1 20 kg ha™ 7.55 9.84 9.17 13.28
P, 40 kg ha™ + Nano DAP foliar spray (2ml L™) 8.05 10.41 9.49 13.29
P; 60 kg ha™ 8.55 11.25 9.99 13.53
Sem + 0.09 0.14 0.11 0.15
CD (p =0.05) 0.27 0.41 0.33 NS
Interaction Non-significant Non-significant Non-significant siglr\lli?inc-ant




Table 3:Effect of Nitrogen and Phosphorus levels on yield (grain, stover, biological) and harvest index of pea

Treatments _ Yield (q ha™) _ & Harvest Index
Grain | Stover | Biological (%)

Nitrogen levels

Ny Control 12.07 18.53 30.6 39.44

N; 15 kg ha™* +Nano urea foliar spray (2ml L™ 16.89 24.60 41.49 40.70

N, 20 kg ha™ 14.25 21.26 35.51 40.12

N3 25 kg ha™ 19.53 28.19 47.72 40.92

Sem + 0.32 0.95 1.09 0.91

CD (p = 0.05) 0.94 2.77 3.17 NS

Phosphorus levels

Po Control 11.81 17.95 29.76 39.68

P1 20 kg ha™ 15.11 22.29 37.40 40.40

P, 40 kg ha™ + Nano DAP foliar spray (2ml L™ 16.56 24.27 40.83 40.55

P; 60 kg ha™ 19:24 28.07 47.31 40.66

Sem + 0.32 0.95 1.09 0.91

CD (p =0.05) 0.94 2.77 3.17 NS

Interaction Significant Significant Significant Non-significant




Table 4: Economics of pea as Influenced by Application of Different Levels of Nitrogen and Phosphorus

Treatments Economics (Rs. ha™) B:C
Cost of Cultivation Gross returns Net returns ratio
Nitrogen levels
No Control 44981 84,036 39055 0.86
N; 15 kg ha™ + Nano urea foliar spray (2ml L™) 45636 117,172 71536 1.56
N, 20 kg ha™ 45249 99,020 53771 1.18
N3 25 kg ha™ 45316 135414 90098 1.98
Sem + - 2208 2208 0.04
CD (p =0.05) - 6409 6409 0.14
Phosphorus levels
P, Control 42090 82199 40109 0.95
P1 20 kg ha™ 44021 104940 60919 1.38
P, 40 kg ha™ + Nano DAP foliar spray (2ml L™) 47188 114981 67793 1.43
P; 60 kg ha™ 47883 133521 85638 1.78
Sem + - 2208 2208 0.04
CD (p =0.05) - 6409 6409 0.14
Interaction - Significant Significant Significant
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