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HIGHLIGHTS GRAPHICAL ABSTRACT
• The improved garden pea variety Arkel recorded 

signifi cantly higher yield (93.4–101.2 q/ha) with 58.17–
64.47% yield advantage over farmer’s practice, along 
with early fl owering (33–35 days), making it suitable for 
early market supply in hill Agro-ecosystems. 

• Adoption of Arkel with recommended package of 
practices resulted in higher economic returns, with gross 
return of ₹2.33–2.53 lakh/ha, net return of ₹1.67–1.86 
lakh/ha and benefi t–cost ratio of 2.54–2.78 compared to 
farmers’ traditional cultivation practices. 

• Lower technology index (8.00–15.09%) and higher 
extension gap (34.7–38.6 q/ha) indicated better adaptability 
and feasibility of the demonstrated technology under 
farmers’ fi eld conditions, highlighting the need for wider 
dissemination through extension interventions

ABSTRACT

Context: Garden pea (Pisum sativum L.) is an important cool-season vegetable crop grown in the hill agro-ecosystem of 
Nagaland. However, productivity in Phek district remains low due to the cultivation of local varieties and poor adoption 
of improved production technologies. Front Line Demonstrations (FLDs) were conducted to assess the performance of 
improved variety ‘Arkel’ under farmers’ fi eld conditions.
Objective: The study aimed to evaluate the productivity and profi tability of garden pea variety ‘Arkel’ under Front Line 
Demonstrations in comparison with farmer’s practice (Desi Matar). It also assessed the technology gap, extension gap, and 
economic feasibility of improved production technologies.
Methods: The study was conducted during 2020–21 to 2024–25 in Thipuzu village of Phek district, Nagaland under NICRA 
project. A total of 25 FLDs were laid out on 0.5 ha each using improved variety ‘Arkel’ with recommended package of 
practices. Demonstration plots were compared with farmers’ traditional practices using local varieties. Data on growth, 
yield attributes, economics, technology gap, extension gap, and technology index were recorded and analyzed.
Results: The improved variety ‘Arkel’ signifi cantly outperformed farmer’s practice in terms of pod length, pod weight, 
number of pods per plant, seeds per pod, and yield. The variety recorded yields of 93.4–101.2 q/ha with 58.17–64.47% 
higher yield over local varieties. Economic analysis revealed higher gross return (₹2.33–2.53 lakh/ha), net return (₹1.67–
1.86 lakh/ha), and benefi t–cost ratio (2.54–2.78) under improved technology. Lower technology index (8.00–15.09%) 
indicated good adaptability and feasibility under hill agro-ecosystem conditions.
Signifi cance: The study demonstrated that adoption of improved variety ‘Arkel’ along with recommended production 
technologies can substantially enhance productivity, profi tability, and livelihood security of hill farmers in Nagaland. 
Wider dissemination of FLD-based interventions through extension agencies can bridge the extension gap and promote 
sustainable vegetable production in hill regions.
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technology transfer mechanisms hinders the realization 
of higher productivity (Raghav et al., 2021; Chauhan et 
al., 2023; Prasad et al., 1987).

Despite its signifi cance, the productivity of garden 
pea is often limited by several factors such as poor 
soil fertility, lack of awareness regarding improved 
varieties, and inadequate adoption of recommended 
production technologies (Noopur et al., 2023). The gap 
between potential and actual yield is largely attributed 
to technological and extension constraints, particularly 
in remote and hilly regions. In the hill agro-ecosystem 
of Phek district, Nagaland, garden pea is an important 
crop grown during the cool season from October to 
February; however, its productivity remains low due to 
limited adoption of improved practices. Keeping this in 
view, the present study was undertaken to evaluate the 
performance of garden pea (var. Arkel) through Front 
Line Demonstrations with the objective of enhancing 
productivity, profi tability, and economic sustainability 
of the farming system.

METHODOLOGY

The study was conducted during the rabi seasons 
from 2020–21 to 2024–25 at Thipuzu village, Kikruma 
Block, Phek district, Nagaland, under the National 
Innovations on Climate Resilient Agriculture (NICRA) 
project implemented by ICAR–Krishi Vigyan Kendra, 
Phek (ICAR-National Research Centre on Mithun, 
Medziphema, Nagaland) under ICAR-ATARI Zone 
VII, Umiam. Thipuzu village is geographically located 
at (25.62° N and 94.26° E). The village was purposively 
selected as it represents the hill agro-ecosystem of 
Nagaland where garden pea productivity is low due 
to poor adoption of improved technologies. The study 

Garden pea (Pisum sativum L.) is an important 
cool-season vegetable crop belonging to 

the family Leguminosae. It is a self-pollinated diploid 
species (2n = 14) and is believed to have originated in 
the Mediterranean region and Central Asia (Vavilov, 
1951). The crop is widely cultivated across temperate 
and subtropical regions due to its adaptability, short 
duration, and high economic value.

Vegetable pea ranks among the top ten vegetable 
crops globally owing to its high nutritional value 
and economic importance (Kumar et al., 2017). It is 
a rich source of protein (20–25%), carbohydrates, 
vitamins (A and C), and essential minerals (calcium 
and phosphorus). It also contains important amino 
acids like lysine and tryptophan, which are vital for 
human nutrition (Bhat et al., 2013). Pea is consumed 
in various forms such as fresh vegetables, soups, 
canned, frozen and dehydrated products, while the 
straw serves as nutritious fodder for livestock. As a 
leguminous crop, pea signifi cantly contributes to soil 
fertility by fi xing atmospheric nitrogen through its 
symbiotic association with Rhizobium bacteria in root 
nodules. This process enables the crop to fulfi l its own 
nitrogen requirement while also enriching the soil with 
residual nitrogen (approximately 50–60 kg/ha) for 
succeeding crops (Kanwar et al., 1990). Consequently, 
pea cultivation plays an important role in promoting 
sustainable agricultural systems (Negi et al., 2006) and 
also a component of food and nutritional security crop 
(Noopur et al., 2023).

In India, vegetable pea is cultivated over an area 
of about 615 thousand hectares, with a total production 
of approximately 7.086 million tonnes and an average 
productivity of 11.5 t/ha. Among the states, Madhya 
Pradesh records the highest area and production under 
vegetable pea cultivation. In Nagaland, the crop occupies 
about 1.48 thousand hectares with a production of 8.85 
thousand tonnes (NHB, 2024–25). In Phek district of 
Nagaland, vegetable pea is cultivated over an area of 
about 120 hectares with a production of 751 metric 
tonnes (Nagaland Statistical Handbook, 2025).

Vegetable crops are known to provide higher returns 
compared to traditional food crops, often generating 4 
times more income per unit area (Noopur et al., 2021; 
Thakur et al., 1994). Therefore, diversifi cation towards 
vegetable cultivation can signifi cantly enhance farmers 
income and livelihood security (Panwar et al., 2024; 
Maurya et al., 2001; Sharma et al., 2000). However, 
limited research on location-specifi c practices and weak Study area map (Thipuzu village, Nagaland)
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operations, organic pest and disease management, 
and harvesting at proper maturity stage. In contrast, 
farmers’ practices involved the use of local varieties, 
higher seed rate, and traditional crop management 
practices. Participating farmers were trained prior to 
the demonstrations, and the selection of sites, layout, 
and implementation were carried out following the 
methodology suggested by Choudhury (1999). Regular 
fi eld visits, farmer–scientist interactions, and fi eld days 
were organized to promote awareness and adoption 
of improved technologies. Data on yield and yield 
attributes were recorded from both demonstration and 
control plots, and economic parameters such as cost of 
cultivation, gross returns, net returns, and benefi t–cost 
ratio were calculated. The impact of FLDs was evaluated 
using indicators such as percentage increase in yield, 
extension gap, technology gap, and technology index, 
which were computed following the method suggested 
by Samui et al. (2000), using the following formulas:

Technology gap = Potential yield – Demonstration yield 
Extension gap = Demonstration yield – Yield under farmers’ 

practices 
Technology index (%) = (Technology gap / Potential yield) 

× 100

RESULTS

The results presented in Table 2. clearly 
demonstrated that the improved variety Arkel performed 
signifi cantly better than farmer’s practice (Desi variety) 
for all growth and yield parameters across fi ve years 
(2020–21 to 2024–25). The mean plant height of Arkel 
ranged from 57.6 to 61.2 cm, which was signifi cantly 

followed an experimental and participatory Front-
Line Demonstration (FLD) design in which improved 
variety ‘Arkel’ along with recommended package 
of practices was demonstrated and compared with 
farmers’ traditional practices (Table 1). A purposive 
sampling method was adopted and 25 farmers were 
selected, with each FLD covering 0.5 ha area. Primary 
data were collected during 2020–21 to 2024–25 
through fi eld observations, personal interviews, crop-
cutting methods, farmer meetings, and fi eld visits, 
while secondary data were collected from KVK records 
and published literature. Growth, yield, and economic 
parameters were measured using standard agronomic 
and economic procedures, and technology gap, 
extension gap, and technology index were calculated 
using standard formulas. The null hypothesis assumed 
no signifi cant diff erence between improved and 
farmers’ practices, whereas the alternative hypothesis 
assumed signifi cant improvement in yield and 
profi tability under improved technology. Data were 
analyzed using mean, percentage increase, coeffi  cient 
of variation (CV%), and critical diff erence (CD at 5%) 
to test the signifi cance of treatment diff erences. The 
garden pea variety Arkel was introduced from England 
in the early 20th century, around 1930.It is an early 
maturing garden pea variety (60–65 days) suitable for 
October sowing. To address these issues, a full package 
of recommended practices for garden pea cultivation 
was introduced, including the use of improved high-
yielding variety ‘Arkel’, recommended seed rate and 
seed treatment, line sowing instead of broadcasting, 
balanced application of manures, timely intercultural 

Table 1. Comparison of recommended practices (var. Arkel) and farmers’ existing practices 
under garden pea Front Line Demonstrations (FLDs).

Particulars Recommended practices (Arkel) Farmers practice

Farming situation Rain-fed high hill conditions Rain-fed high hill conditions
Variety Arkel (improved variety) Local variety (Desi Matar)
Sowing time 15th September to 1st week of October 2nd week of October
Spacing and sowing method Line sowing (30 × 10 cm) Broadcasting with no proper spacing
Land preparation Ridge method Flatbed method
Seed rate and seed treatment 75 kg/ha (with proper seed treatment) 95 kg/ha without treatment

Organic manure application
Pig/Poultry manure @ 3 t/ha + Vermicompost 
@ 0.5 t/ha

No application

Soil acidity management Lime application @ 1 t/ha Not practiced

Plant protection
Spray of tobacco leaf extract @ 2 ml/l 
or chilli–ginger–garlic extract@ 3 ml/l 

No proper plant protection measures

Weed management
One hand weeding at 25 DAS + paddy 
straw mulching

Two hand weeding’s at 25 and 45 DAS

Mechanical support (staking) Not required Staking with bamboo sticks (2m)
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an average yield advantage of 58.17–64.47 per cent. 
The lower coeffi  cient of variation (CV%) values across 
years indicates good experimental precision, while 
the signifi cant CD (5%) values confi rm the statistical 
superiority of Arkel over the existing farmers' variety. 

Table 3 presents the year-wise percentage increase 
(or decrease) the yield of garden pea cv. Arkel over the 
farmers' practice (Desi variety) during the period 2020–
21 to 2024–25 of study. The negative values observed 
for plant height, number of branches and days to fi rst 
fl owering. Arkel exhibited approximately 50 per cent 

lower than farmer’s variety (115.9–121.6 cm). Similarly, 
Arkel recorded less branches but exhibited early 
fl owering (33.83–35.60 days) compared to farmer’s 
practice (50.6–53.2 days).Yield attributing characters 
such as pod length (7.3–7.8 cm), pod weight (5.4–5.8 
g), number of pods per plant (17.6–19.4) and number 
of seeds per pod (8.5–8.9) were signifi cantly  higher 
in Arkel compared to farmer’s practice. Consequently, 
Arkel achieved substantially higher green pod yields 
ranging from 93.40 to 101.20 q/ha, whereas farmers 
variety yielded only 58.70 to 63.80 q ha, representing 

Table 2. Year-wise comparison of Arkel and farmer’s practice (Desi) for growth 
and yield parameters in garden pea.

Year wise  
Plant 
height 
(cm)

No. of branches/
plant

Days to fi rst 
fl owering

Pod 
length 
(cm)

Pod weight 
(g)

Number of 
Pods/plants

No.of Seeds/
pods

Yield 
(q/ha)

2020-21
Arkel 59.80 11.90 34.40 7.60 5.65 18.08 8.67 98.47

FP 118.77 17.27 51.13 5.67 3.99 12.33 6.47 59.87

CV % 3.05 3.39 0.91 2.52 2.85 5.05 2.55 3.25

CD (5%) 6.12 1.06 0.99 0.39 0.33 2.67 0.53 5.39

2021-22
Arkel 59.8 11.9 33.83 7.5 5.6 18.9 8.7 96.8

FP 118.5 17.4 50.6 5.5 4 12.6 6.3 61.2

CV % 1.87 2.98 1.96 3.2 3.05 3.3 2.9 2.25

CD (5%) 2.96 0.86 1.8 0.5 0.37 1.33 0.53 4.5

2022-23
Arkel 61.2 12.3 34.9 7.8 5.7 19.4 8.9 101.2

FP 121.6 17.8 52.1 5.7 4.1 12.9 6.5 63.8

CV % 1.49 3.7 2.07 3.3 3.6 3.9 3.05 2.73

CD (5%) 3.08 1.28 2.03 0.5 0.4 1.44 0.53 5.11

2023-24
Arkel 57.6 11.5 35.6 7.3 5.4 17.6 8.5 93.4

FP 115.9 16.9 53.2 5.4 3.9 11.8 6.2 58.7

CV % 2.38 3.86 2.1 3.4 3.8 3.8 3.2 2.7

CD (5%) 3.63 1.28 1.8 0.49 0.47 1.28 0.53 4.56

2024-25
Arkel 60.5 12.1 34.2 7.7 5.8 19.1 8.8 100.6

FP 119.8 17.6 51.5 5.6 4.2 12.7 6.4 62.9

CV % 1.62 2.97 2.03 2.75 3.25 3.25 2.75 2.58

CD (5%) 3.31 1.08 1.99 0.47 0.47 1.3 0.47 5.77

Table 3. Year-wise % Increase of Arkel over Farmer Practice (Desi) in Garden Pea

Year
Plant height 

(cm)
No. of branches/

plant
Days to fi rst 

fl owering
Pod length 

(cm)
Pod weight 

(g)
No. of Pods/

plants
No. of Seeds/

pods
Yield 
(q/ha)

2020–21 -49.65 -31.10 -32.72 34.04 41.60 46.63 34.00 64.47

2021–22 -49.54 -31.61 -33.14 36.36 40.00 50.00 38.10 58.17
2022–23 -49.67 -30.90 -33.01 36.84 39.02 50.39 36.92 58.62
2023–24 -50.30 -31.95 -33.08 35.19 38.46 49.15 37.10 59.11
2024–25 -49.50 -31.25 -33.59 37.50 38.10 50.39 37.50 59.94

Mean -49.73 -31.36 -33.11 35.99 39.44 49.31 36.72 60.06
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variety (₹46,500–48,500 ha⁻¹), the substantially higher 
yields obtained from Arkel (93.4–101.2 q/ha) resulted 
in markedly greater economic returns (Table 4). The 
gross returns from Arkel ranged from ₹2,33,500 to 
₹2,53,000/ha compared to ₹1,35,010 to ₹1,46,740 ha 
from the local variety. Consequently, Arkel generated 
signifi cantly higher net returns, varying from ₹1,67,500 
to ₹1,86,000/ ha, whereas the farmers’ variety provided 
only ₹87,510 to ₹98,740 ha. On an average basis, Arkel 
recorded a mean gross return of ₹2,45,235/ ha and a net 
return of ₹1,78,695/ha, which were substantially higher 
than the corresponding values of ₹1,41,776/ha and 
₹93,276/ha obtained from the local variety. Similarly, 
the benefi t–cost (B:C ratio) ratio was consistently 
superior in Arkel (2.54–2.78) compared with the local 
variety (1.84–1.99), with mean values of 2.69 and 1.95, 
respectively. These fi ndings clearly demonstrate that 
the adoption of cv. Arkel not only enhances productivity 
but also signifi cantly improves farm profi tability and 
economic sustainability under farmers’ fi eld conditions.

The assessment of technology and extension gaps 
in garden pea cultivation during 2020–21 to 2024–25 
revealed the superior performance of the improved 

lower plant height, 31 per cent fewer branches per plant, 
and 33 per cent fewer days to fi rst fl owering than the 
farmers' variety, refl ecting its compact growth habit and 
earliness. In contrast, substantial improvements were 
recorded in yield-attributing traits. Pod length increased 
by 34.04–37.50 per cent, pod weight by 38.10–41.60 
per cent, number of pods per plant by 46.63–50.39 per 
cent, and number of seeds per pod by 34.00–38.10 per 
cent over the farmers' practice. These improvements 
collectively translated into a signifi cant yield advantage, 
with Arkel producing 58.17–64.47 per cent higher 
green pod yield than the local variety across the fi ve 
years. The consistency of these gains over successive 
years demonstrates the superior performance, stability, 
and adaptability of cv. Arkel, highlighting its potential 
for enhancing garden pea productivity and profi tability 
under farmers’ fi eld conditions.

The economic analysis of garden pea cultivation 
over fi ve years (2020–21 to 2024–25) revealed that the 
improved variety Arkel was considerably more income 
generating than the farmers' local variety (Desi Matar). 
Although the cost of cultivation for Arkel (₹65,200–
68,000 ha⁻¹) was slightly higher than that of the local 

Table 4. Year-wise cost of cultivation, returns and benefi t-cost ratio of garden pea 
under improved and farmer’s practices.

Year

Cost of cultivation 
(Rs/ha)

Yield (q/ha) Gross return (Rs/ha) Net return (Rs/ha) B:C ratio

Arkel
Desi matar

(Local)
Arkel

Desi 
matar

(Local)
Arkel

Desi matar
(Local)

Arkel
Desi matar

(Local)
Arkel

Desi matar
(Local)

2020–21 65,200 46,500 98.47 59.87 2,46,175 1,37,701 1,80,975 91,201 2.77 1.96

2021–22 66,500 47,000 96.8 61.2 2,42,000 1,40,760 1,75,500 93,760 2.64 1.99

2022–23 67,000 48,000 101.2 63.8 2,53,000 1,46,740 1,86,000 98,740 2.78 1.98

2023–24 66,000 47,500 93.4 58.7 2,33,500 1,35,010 1,67,500 87,510 2.54 1.84

2024–25 68,000 48,500 100.6 62.9 2,51,500 1,44,670 1,83,500 96,170 2.7 1.98

Mean 66,540 47,500 98.09 61.29 2,45,235 1,41,776 1,78,695 93,276 2.69 1.95

Table 5. Technology gap, extension gap and technology index of garden pea (arkel) in 
Phek district (Potential Yield = 110 q/ha)

Year
Potential Yield 

(q/ha)
Demonstration 
Yield (Arkel)

Farmer Yield 
(FP)

Technology 
Gap (q/ha)

Extension Gap (q/
ha)

Technology 
Index (%)

2020–21 110 98.47 59.87 11.53 38.60 10.48

2021–22 110 96.80 61.20 13.20 35.60 12.00
2022–23 110 101.20 63.80 8.80 37.40 8.00
2023–24 110 93.40 58.70 16.60 34.70 15.09
2024–25 110 100.60 62.90 9.40 37.70 8.55

Mean 110 98.09 61.29 11.91 36.80 10.83
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Similar observations have been documented by several 
researchers, including Mishra et al. (2009), Tiwari et al. 
(2003), Tomar et al. (2003), Tiwari and Saxena (2001) 
and Haque (2000) across diff erent crops.

The yield advantage ranged from 58.17 to 64.47  
per cent across years. Similar fi ndings regarding the per 
cent increase in yield of Arkel over farmer’s practice 
were reported by Lepcha et al. (2015) in green pea and 
Kirar et al. (2018) in fi eld pea. Negative values observed 
for plant height and days to fl owering indicate desirable 
traits such as reduced plant height and earliness. The 
consistent improvement in yield and yield attributes 
may be attributed to the genetic superiority of the 
variety coupled with better nutrient utilization and 
improved crop management practices. The substantial 
enhancement in pod length, pod weight, number of 
pods per plant and number of seeds per pod indicates 
that the higher yield of Arkel was the cumulative eff ect 
of improvements in multiple yield-contributing traits.

Economic analysis revealed that although the 
cost of cultivation under improved practices was 
comparatively higher, the increased investment resulted 
in substantially higher gross returns, net returns, and 
benefi t–cost ratio. The higher profi tability under 
Arkel cultivation may be due to increased yield and 
better marketable produce obtained through improved 
management practices. On average, Arkel generated a 
net return of ₹1,78,695/ha compared to ₹93,276/ha under 
farmers’ practice, while the mean benefi t–cost ratio 
increased from 1.95 to 2.69, indicating the economic 
viability of adopting the improved technology. Singh 
et al. (2020) reported a mean benefi t–cost ratio of 3.48. 
Similar fi ndings have been reported by Mishra et al. 
(2009) in potato, Sharma (2003) in moth bean, and 
Gurumukhi and Mishra (2003) in sorghum.

The technology gap and extension gap observed 
during the study indicated that considerable scope still 
exists for improving garden pea productivity through 
eff ective dissemination of improved technologies. The 
average technology gap of 11.91 q/ha suggests that the 
full yield potential of the variety could not be realized 
under farmers’ fi eld conditions due to variations in 
environmental conditions and management practices. 
Likewise, the average extension gap of 36.80 q/
ha highlights the immense scope for increasing 
productivity through wider adoption of improved 
varieties and recommended production technologies. 
Raj et al. (2013) reported that the technological yield 
gap in crops is mainly attributed to variations in soil 

variety Arkel under frontline demonstrations (Table 5). 
The demonstration yield of Arkel ranged from 93.40 to 
101.20 q/ha, with a mean yield of 98.09 q/ha, compared 
to the farmers’ practice yield of 58.70 to 63.80 q/
ha (mean 61.29 q/ha). The technology gap, which 
represents the diff erence between the potential yield 
(110 q/ha) and the demonstration yield, varied from 
8.80 to 16.60 q/ha, with an average of 11.91 q/ha. The 
extension gap, indicating the yield diff erence between 
the demonstrated technology and farmers’ practice, 
ranged from 34.70 to 38.60 q/ha, averaging 36.80 q/
ha. The technology index, which refl ects the feasibility 
and performance of the demonstrated technology under 
farmers’ fi eld conditions, ranged from 8.00 to 15.09 per 
cent, with a mean value of 10.83 per cent. The relatively 
low technology index indicates the high adaptability 
and practical suitability of cv. Arkel in the target area. 

DISCUSSION

The results of the present study clearly 
demonstrated the superiority of the improved garden 
pea variety ‘Arkel’ over farmers’ practice under the 
hill agro-ecosystem of Phek district, Nagaland. The 
improved variety recorded signifi cantly higher pod 
length, pod weight, number of pods per plant, number 
of seeds per pod, and overall yield compared to the 
local variety. The higher productivity of Arkel may 
be attributed to its superior genetic potential, early 
fl owering behaviour, effi  cient nutrient utilization, and 
adoption of recommended crop management practices. 
. Lepcha et al., (2015) and Kumar et al., (2004) also 
reported superior performance of the variety Arkel over 
farmer’s practice, recording higher pod weight (7.9 g), 
number of pods per plant (9.6) and number of seeds 
per pod (9.5). The yield advantage of 58.17–64.47 per 
cent over farmer’s practice indicated the eff ectiveness 
of Front-Line Demonstrations (FLDs) in promoting 
improved technologies among farmers. The lower 
plant height and early fl owering observed in Arkel are 
desirable traits that reduce lodging and facilitate early 
harvesting for better market opportunities. Earliness is a 
particularly important trait in vegetable pea cultivation 
as it enables farmers to capture premium market prices 
during the early marketing season. Mukherjee (2003) 
observed that the adoption of innovative interventions 
can signifi cantly enhance crop productivity. Dwivedi et 
al. (2010); Husain et al., (2019) and Das et al., (2017) 
also reported that adoption of improved technologies 
plays a crucial role in enhancing crop productivity. 
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