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RESEARCH ARTICLES
Evaluation of Growth Performance of African Rose
Wood Seedlings on Different Soil in Kaduna Northern
Guinea Savanna Eco-Zone Nigeria
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ABSTRACT

Limited empirical studies have examined the nexus between soil properties survival and
growth performance of Pterocarpus erinaceous under different soil and environmental
conditions; this knowledge is however critical for the successful establishment of African
rosewood plantations and general ecological balances in the forest ecosystem. Preliminary
study was carried out on the growth performance of Pterocarpus erinaceous seedlings on
different soil sources at the nursery of the Savanna Forestry Research Station situated in
the Institute for Agricultural Research (I.A.R) farm Samaru, Kurumi Bomu village. Farm
land soil were collected from Institute of Agricultural Research (I.A.R) farm Samaru at
Kurumi Bomu village while forest soil and granulated iron stone soil were gotten within
the Savanna Forest Research Station, plantations. The seedlings of four (4) weeks were
gotten from Savanna Forest Research Station, and transplanted into these soil samples;
replicated eight (8) times and readings were taken forth nightly for three (3) months. The
experiment was laid using Complete Randomized Design method. Growth data were
collected forth nightly and was subjected to Analysis of Variance (ANOVA) and Duncan
Multiple Range Test. Result shows that there is significant (P<0.05) difference in the
height, stem diameter and number of leaf among the three (3) soil for the growth
assessment. The growth rate recorded from the farm land soil is statistical higher (P<0.05
) in leaf width, plant height and stem diameter than the other two (2) soil while the growth
parameters assessed are significantly lower (P<0.05) in iron stone soil and Forest soil. It is
recommended that soil from the farmland is the most suitable for raising and nurturing of
Pterocarpus erinaceous in the nursery without additional of any plant nutrient media.

Key Words: Eco-zone, Guinea, nursery, plantation, Savanna, seedlings, soil
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INTRODUCTION

African rosewood (Pterocarpus erinaceous Poir.) is a medium-size deciduous tree
belonging to the Fabaceae family (Rabiou ef al., 2015; Obiri et al., 2022). It is
native to the semi-arid Guinneo-Sudano-Sahelian Forest zones of West Africa
with presence in about 8 countries within the West African sub region due to its
ability to thrive in a varied range of environmental conditions (Kossi et al., 2019;
Biaou ef al., 2023). Its superior wood qualities make it one of the most valuable
and preferred timber species for the manufacture of valuable artifacts in Asia;
China in particular stemming a rapidly increasing demand for its wood (Rabiou
et al, 2015;Anthionio & Antwi—Boasiako,2023). It has therefore emerged to
become one of the most heavily traded tropical hardwood species on international
markets and a major source of revenue and foreign exchange for many West
African economies. The fruits, which take four months to mature, are disc-shaped,
flat, and have winged margins. It is also central woody corky bulge containing
several seeds. Unlike most legumes, Pterocarpus erinaceous fruit is indehiscent
and is dispersed by wind. It also floats in water and can be water dispersed, Orwa
et al., (2009). Poor soil, multipurpose uses, exploitation without limit and lack of
scientific knowledge on the suitable propagation methods and soil types is
important regarding the increasing commercialization of their derivatives, added
to an ineffective forest ecosystem management constitute one of the major cause
of the decline of its population. The species population are mostly old and the
transition from small size class to higher is low (Leakey, 1998). Apart from its
contributions to national economies, Pterocarpus erinaceous provides many
socioeconomic and cultural benefits to local communities who exploit it for
timber and non - timber products (Rabiou et al., 2015; Adjonou et al., 2020; Obiri
et al., 2022;Biaou et al.,2023). However, despite its significant socioeconomic
importance, recent rises in global demand and commercial value for its wood
contributed to increased exploitation and consistent increase in its international
trade (Dumenu & Bandoh, 2016; Johnson et al.,, 2020). West Africa is currently
the largest producer and supplier of African rosewood globally with large volumes
of the exported timber sourced from illegal sources (Anthionio & Antwi —
Boasiako, 2023). According to Dumenu & Bandoh (2016) African rosewood
supply from Africa to China experienced a 700% increase since 2010. Kossi et al.
(2019) also, reported that the West Africa region produced about 80% of the total
volume of African rosewood exported to China in 2016. This high pressure
exerted on the populations of Pterocarpus erinaceous makes it one of the most
exploited, heavily traded, and threatened tropical hardwood species globally
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(Rabiou et al., 2015; Adjonou et al., 2020) These anthropogenic pressures in
addition to the eminent threat of climate change raise concerns on the
sustainability of African rosewood in many African countries where climate
impacts are very prominent (Biaou et al., 2023; Adjonou et al., 2020; Imarhiagbe
et al., 2022).The present trend of Pterocarpus erinaceous exploitation and global
trade has raised serious concerns about its sustainability with many advocating
the need to adopt appropriate measures to protect the species from the eminent
threat of anthropogenic disturbance (Dumenu & Bandoh, 2016; Adji et al., 2021).
These advocacies have influenced major trading countries in West Africa to
impose harvesting and export bans in recent years (Dumenu & Bandoh, 2016;
Adjonou et al., 2020; Adji et al, 2021; Christine et al., 2021). Conservation
efforts for the species have ranged from the imposition of intermittent harvesting
and export bans, restoration of natural stands, plantation establishment, and
adsorption of export quotas, community sensitization, and imposition of
minimum felling limits in many West African countries. (Kossi et al, 2019;
Dumenu & Bandoh, 2016). This was followed by the registration and enlistment
of the species in Annex II of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) and change of conservation status to
globally endangered on the red list of the International Union for Conservation of
Nature (IUCN) (Dumenu & Bandoh, 2016). Anthionio & Antw —Boasiako (2023)
however, argued that despite these challenges, the current commercial value of
Pterocarpus erinaceous presents a huge prospect for economic transformation
and livelihood improvement under appropriate conservation strategies in many
African countries whose economies are largely natural resources dependent. It
also has the potential for ecological balances in the fragile savanna ecosystems
despite the imminent threats of climate change (Dumenu & Bandoh, 2016; Adji
etal., 2021; Obiri et al., 2022;Biaou et al.,2023) There is therefore an urgent need
to develop strategies for the sustainable management of this species. In response
to these calls, many have recognized population restoration through the
establishment of African rosewood plantations as a strategic measure to restore
the rapidly declining population and ensure the sustainable management of the
species (Adji et al., 2021). However, many authors have argued that the success
of these interventions requires an in-depth understanding of the species biology,
ecology, survival, and growth performance (Biaou ef al.,2023) Also, species-site
matching has been widely recognized to be crucial for tree survival, growth, and
general success of reforestation program (Adjonou et al., 2020; Dimobe et al.,
2022). However, limited empirical studies have examined the nexus between soil
properties and survival; and growth performance of Pterocarpus erinaceous under
different environmental conditions (Ansah et al, 2023) this knowledge is
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however critical for the successful establishment of African rosewood plantations
and general ecological balances in the forest ecosystem. Despite its importance,
there is limited supply of Pterocarpus erinaceous to meet the demand of the
people. Therefore, there is need for large scale production of Pterocarpus
erinaceous on a most suitable soil source. The objective of the study is to evaluate
the growth performance of Pterocarpus erinaceous on different soil sources.

MATERIALS AND METHODS
Study area

The study was conducted in Savanna Forestry Research Station nursery situated
in the Institute for Agricultural Research (I.A.R) farm Samaru in Kurumi Bomu
village. Located at Latitude 12°13’and 11°11'N / Longitude 8°39” and 7°38"E and
686m above sea level (Figure 1). It is located in Sabon — Gari Local Government
Area of Kaduna State. The vegetation in the local Government Area is the
Northern Guinea Savannah woodland type, characterized by short scattered
drought resistant trees with undergrowth of grass that serves as fuel for bushfires
in the long dry season with mean annual rainfall of 1000mm — 1500mm,
temperature of 25.6°C (78.1°F), precipitation of 1,117.6mm and humidity of 69%
respectively (Sodimu et al., 2021)

Treatments and experimental design

The experiment consisted of three (3) soil types namely: Forest soil, Iron stone
soil and farm land soil. That was laid in a Completely Randomized Design (CRD)
method and each treatment was replicated eight (8) times. The forest soil were
collected from Savanna Forest Research Station, plantation; Farmland soil were
collected from Institute of Agricultural Research (I.A.R) farm Samaru at Kurumi
Bomu village while the Granulated iron stone were collected from Savanna Forest
Research Station, plantation.

Soil sample collection

The two (2) soil samples (farmland and forest soils) were collected using soil
auger at 10cm depth while the iron stone soil was collected and grinded with a
mortar to fine particles, then each soil samples were thoroughly mixed together to
form a uniform sample10g of each soil were packed and labelled for laboratory
analysis and the rest are then filled into polythene pots to commence the
experiment. The seedlings of four (4) weeks were gotten from Savanna Forest
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Research Station, and transplanted into these soil samples and readings were taken
forth nightly for three (3) months.

Growth data parameters assessment

The growth data parameters were taken forth nightly for three (3) months. The
height (cm) of the plant was assessed, measuring from the base of the plant to the
apex. The average was computed and recorded; the number of leaves was counted,
computed and recorded; the stem of the plant was assessed using a veneer caliper
and was recorded. The number of the nodes were counted and then recorded.
However, at the end of the terminal experiment, the plant was up rooted, the
number of the longest root as well as the total number of root were counted and
recorded.

Soil and statistical analysis

The three (3) soil types collected bulked, packed and labelled separately into white
zip locked bag for analysis of its chemical properties at the soil science laboratory
of Ahmadu Bello University Zaria, Nigeria. The data collected were analyzed
using ANOVA at P<0.05 probability level and the means with significant
difference were separated using Duncan multiple range test (DMRT) at (P<0.05).

RESULTS AND DISCUSSION

The data recorded for the evaluation of growth performance on Pterocarpus
erinaceous seedlings for three (3) months on the three (3) different soil sources
are presented in the following table below.

Table 1. Influence of soil type on number of leaves of Pterocarpus

erinaceous
Treatments 2WAP 4WAP 6WAP SWAP 10WAP 12WAP
Forest Soil 5.002b 4.38 4.25° 4.252 4.2.5% 4.25?2
Iron stone 4.38b 3.38 3.00° 3.00° 3.00° 3.00°
Farmland soil 5.132 4.13 4.502 4.502 4.502 4.502
SE + 0.23 0.59 0.23 0.23 0.23 0.23

i. Means in the same column followed by unlike letters are significantly
different at P<0.05 Level of probability using Duncan’s Multiple
Range Test (DMRT).

il. WAP = Weeks after planting.
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Number of Leaves of Pterocarpus erinaceous plant as influenced by different soil
sources were significant (P<0.05) at all the sampling intervals except at 4 weeks
after planting. At 2 weeks after planting, farm land soil produced significantly
higher number of leaves than all other soil types but statistically comparable to
plants grown in forest soil. Least significant number of leaves resulted from plants
grown in iron stone soil. At 6 to 12 weeks after planting, forest soil and farm land
soil maintained consistent significantly (P<0.05) higher number of leaves than
iron stone soil. This observation is in consonance with the work of (Sodimu,
1998;Usharani et al., 2019) that Farm land soil are good soil media source for
nurturing Pterocarpus erinaceous seedlings.

Table 2. Influence of Soil type on Plant Height of Pterocarpus erinaceous

Treatments 2WAP 4WAP 6WAP SWAP 10WAP 12WAP
Forest Soil 14.02° 14.47* 14.85° 15.42° 15.75° 16.43¢
Iron stone 12.44° 12.78° 13.30¢ 13.80° 14.21° 14.72°
Farmland soil 14.282 14.64* 15.00* 15.76° 16.24 16.43°
SE + 0.70 0.67 0.65 0.66 0.66 0.67

i. Means in the same column followed by unlike letters are significantly
different at P<0.05 level of probability using Duncan’s Multiple Range
Test (DMRT).

ii. WAP= Weeks after planting.

Plant height of Pterocarpus erinaceous as influenced by different soil were
significant (P<0.05) higher in farmland soil than other two (2) Soil. The least
significant (P<0.05) growth of Pterocarpus erinaceous occur in the iron stone soil
(Usharani et al., 2019) reported that Pterocarpus erinaceous planted on farmland
soil grew better than all other soil types and in contrary to the work of (Sodimu,
1998) that tree height of teak (Tectona grandis) planted on granulated iron stone
soil does better in height than other soil.

Stem diameter of Pterocarpus erinaceous plant in table 3 above shows no
significant (P >0.05) different at all the sampling interval for all the treatment. At
2 to 8 WAP forest soil and farm land soil maintained consistent significantly
higher stem diameter than the iron stone soil. However, at 2 WAP, the iron stone
soil was the highest followed by the forest soil while the farmland soil was the
lowest. At 12 WAP, the forest soil was the highest at (4.95) followed by the
farmland soil at (4.46) and the least was the iron stone soil at (4.41). The above
result did not agree with the work of (Sodimu, 1998) that ironstone soil gives
better growth of stem diameter of young seedlings.

10
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Table 3. Influence of soil type on stem diameter of Pterocarpus erinaceous

TREATMENT | 2WAP | 4WAP | 6WAP | SWAP | 10WAP | 12WAP
Forest Soil 2.892 3.30° 3.99° 4.422 4812 4952
Iron stone 2.94* | 3.09° | 3.39° | 3.88° 4.28° 4.41°
Farmland soil | 2.70b | 2.98* | 3.43" | 4.00° 4.31° 4.46°
SE + 0.12 0.10 0.12 0.12 0.12 0.12

i. Means in the same column followed by unlike letters are significantly different
at P<0.05 level of probability using Duncan’s Multiple Range Test
(DMRT).

ii. WAP= Weeks after planting.

Table 4. Influence of soil type on leaf width of Pterocarpus erinaceous

TREATMENT LEAVEWIDTH
2WAP | 4WAP 6WAP SWAP | 10WAP | 12WAP
Forest Soil 43.97° | 62.8° 70.02° 71.48> | 79.51° 0.00
Iron stone 49.82% | 58.38° 61.44¢ 66.01¢ 69.02¢ 0.00
Farmland soil | 45.84% | 26.532 87.922 91.90* | 97.49* 0.00
SE + 2.32 4.66 4.59 4.31 4.25 0.00
i Means in the same column followed by unlike letters are significantly

different at P<0.05 level of probability using Duncan’s Multiple
Range Test (DMRT)
ii. ii WAP= Weeks after planting.

Leaf width of Pterocarpus erinaceous plant influenced by different soil were
significant (P<0.05) at all the sampling period from the 2 to the 12 WAP.
Pterocarpus erinaceous plant on the farm land soil maintained the highest leaf
width of the three (3) treatment, next was the plant in the forest soil while the least
was the iron stone. These is in agreement with the work of (Usharani et al., 2019)
that nutrients composition of farmland soil gives good leave width when
compared with other soil.

Table 5. Chemical properties of the soils use in the experiment

Soil Soil pH Ca Mg N K P
Iron stone 5.7 1.50 0.88 1.23 0.87 1.73
Farmland soil 6.0 2.40 1.41 1.05 0.43 8.28
Forest soil 6.35 4.80 2.82 1.58 0.70 2.12

Table 5 shows the chemical properties of the three (3) types of soil used in the
experiment, two (2) of the three (3) soil (Farmland soil and Ironstone soil) were

11
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slightly acidic while the forest soil closely neutral. The forest soil had the highest
calcium (Ca) content followed by the farmland soil and the iron stone soil was the
least, the forest soil had the highest magnesium(Mg) content next was the
farmland soil and the least was the iron soil. The iron stone had the highest
potassium (K) content followed by the forest soil and the farmland was the least.
The farmland soil had the highest phosphorus (P) content followed by the forest
soil while the iron stone was the least.

CONCLUSION

It is an evident from the result of this study that significant difference occurs
among the three (3) soil in raising of Pterocarpus erinaceous in all the parameters
assessed. The most suitable soil for the growth performance of Pterocarpus
erinaceous is farmland soil while the least suitable soil is the granulated iron stone
soil. This result implies that farmland soil has the highest nutrient capacity and
soil pH for the growth and development of the seedlings. Based on the above
results Pterocarpus erinaceous can be best raised using farmland soil without
additional of any other potting media. Although, the other two (2) soil (granulated
iron stone and forest soil) can be used in the absence of farm land soil but
additional plant nutrient media like organic or inorganic fertilizers may be needed
for optimum growth and development of the plant.
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ABSTRACT

Soil nutrients are essential for plant growth, crop production, and sustainable agricultural
development. In recent years plastic house is going popular around peri-urban areas of
Nepal, including Chandragiri municipality of Kathmandu district. The research report
covered the experience, learning and contribution on nutrient status and cropping system
of plastic house of Chandragiri municipality of Kathmandu district. The main goal of the
research was to access the nutrient status as well as other farm activities of the farmers to
maintain soil fertility and enhance the crop yield for the sustainable agriculture. The
research involved different activities like survey, interview and soil sampling. Total 50
plastic houses were visited randomly to achieve the goal and 20 samples out of 50 samples
were randomly selected for the laboratory analysis to find out the status of nitrogen (N),
phosphorus (P), potassium (P), Zinc (Zn) and Boron (B). The data collected from the
interview related to the farm activities involved all 50 farms. The data was analyzed with
the help of Microsoft excel and SPSS (version 25). The observed data revealed a range of
soil nutrient concentrations, with varying levels of consistency across different variables.
Nitrogen showed relatively stable concentrations with low variability. Available
Phosphorus and Potassium showed wider fluctuations. Zinc also showed moderate
variability. Boron contained the highest variability among the variables, reflecting
significant inconsistency in its concentration levels across the samples. According to the
survey data, the highly cultivated crop was found to be tomato and its average production
was 53.3T/ha which concluded that plastic house farming in Chandragiri has high potential
to produce all kind of the vegetable crops and improve their livelihoods if their obstacles
such as limited investment, small landholding, lack of subsidies and market facilities are
addressed.

Keywords: Cropping Systems, fertilizers, soil fertility, soil nutrient status, subsidies
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INTRODUCTION

Nepal is characterized by diverse topography and climatic variations. From the fertile
plains of Terai to the rocky terrain of the Himalayas the nation’s agricultural productivity
is deeply linked to its soil health (Ojha and Panday, 2021). However, the complex
interaction of geological, climatic and anthropogenic factors increases the need for detailed
examination of micronutrients (Shrestha, 2020). In the present condition, conventional
rice-wheat rotations are increasingly replacing the diversified food crop production system
with high- value vegetable crops across Nepal. Such systems are likely to enhance the
demand for the micro- nutrients, such as boron (B) and Zinc (Zn), which are widely
deficient throughout the country (Shrestha, 2021). Following the rice-wheat cropping
system, maize-wheat is the second most important cropping system in Nepal, as well as the
most prominent cropping system in mid-hills. In peri-urban areas, high value vegetable
crops are replacing the cereal crops (Shrestha, 2021). Also, the plastic tunnel technology
has become an important alternative technology for year-round crop production and is
gaining popularity among farmers in the peri- urban areas of Kathmandu (Gautam, 2019).

According to Bhandari et al. (2016), Nepal has comparative advantages in tomato crop
production, as evidenced by year-round production enabled by favorable agro-climatic
conditions, an established distribution network, and rising demand. There is considerable
potential for increasing tomato area and productivity through the use of appropriate
technology. Tomatoes, being a labor-intensive crop, offer great potential for job creation
in the country. Activities, such as transplanting, weeding, and harvesting are mostly
accomplished manually by women.

While extensive research exists on soil nutrients and cropping systems, this study also
examines the use of plastic tunnels in Chandragiri village aiming to address the gap and
provide valuable insights for improving agricultural practices.

MATERIALS AND METHODS
Study area

The study was carried out in Chandragiri municipality, Kathmandu, Nepal. It is located at
27°41'25'N and 85° 13 13'E. There are total 15 wards in this municipality. Macchegaun,
Matatirtha, Bosigaun, Dhaulagiri, Naikap, Thankot and Gurjudhara was covered for the
research. The soils are relatively fertile sandy and silty alluvial with some deposit of peat
mare (diatomaceous clay). The climate of the study area is subtropical to temperate type.
The warm season lasts from April to October and the cold season from December to
February. The maximum and minimum average monthly temperature was reported to be
in the months of June (28.9 °C) and January (18.3°C) respectively. The highest (341.8 mm)
average monthly rainfall was reported to occur in the month of July whereas the lowest
(5.5 mm) average monthly rainfall occurred in the month of November (LLRC, 2016).
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Sample size and data collection

The list of small farmers and large farmers were used as a sampling framework. 50 farms
were randomly chosen from various locations within Chandragiri Municipality for this
study. Farmers from all selected farms were interviewed using a pre-tested semi- structured
questionnaire to collect primary information on agronomic practices, farm management,
and production activities.

For soil analysis, 50 soil samples were collected from the surveyed farms and out of them
20 soil samples were selected randomly to ensure the representation from different parts of
the municipality, with at least two samples taken from each area. The collected soil samples
were analyzed in the soil testing laboratory to determine important soil properties,
including soil pH, nitrogen (N), phosphorus (P), potassium (K), Zinc (Zn) and Boron (B).
In addition to the primary data, secondary information was obtained from articles, journals,
reports, websites and other relevant publications to support the findings of the study.

Statistical analysis

Data collected from the 50 surveyed farms were organized, coded, and summarized before
being analyzed using descriptive statistical methods. The results obtained from the 20 soil
samples were used to evaluate the soil nutrient condition of the study area. All statistical
computations and data processing were carried out using Microsoft Excel and SPSS
(version 25).

RESULTS and DISCUSSION

Soil nutrient status

The analysis of soil samples collected from plastic houses of Chandragiri Municipality
revealed significant variation in nutrient status among the sampled farms. Nitrogen content
ranged from low to moderate, indicating relatively stable distribution across samples.
Available phosphorus showed considerable variation with some farms exhibiting higher
concentrations. Potassium levels were generally adequate but varied among locations.
Micronutrients such as Zn demonstrated moderate variability, whereas boron showed
comparatively higher fluctuation across the sample sites. Overall, the results indicate
considerable spatial variation in both macro-nutrients (Nitrogen, Phosphorus, and
Potassium) and micro-nutrients (Zinc and Boron) across the plastic house of Chandragiri.
While most major nutrients were found in moderate to adequate ranges, boron levels were
comparatively low in several farms, suggesting possible micronutrient imbalance in some
locations (Table 1).

Nitrogen Levels

Chandragiri's soil samples had a mean nitrogen concentration of 0.238% and a standard
deviation (SD) of 0.754%. Nitrogen level showed moderate variation with a CV of 0.32 %
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that indicates some variability around the mean. The nitrogen content ranged from 1.40 to
0.14 to 0.43% (Table 1). The narrow range and comparatively low mean suggests that
nitrogen levels are often inadequate. For plants to flourish, nitrogen is necessary because
it affects activities like protein synthesis and photosynthesis (Hassan et al., 2022). The low
levels point to possible nitrogen shortage-related restrictions on crop productivity. This
shortage may be caused by a lack of nitrogen-fixing bacteria, poor soil organic matter
content, and ineffective fertilization techniques. It is advised to raise nitrogen levels by
applying right dose of fertilizers and organic amendments (Pandit et al., 2022).

Tablel. Soil Status of nutrients in the plastic house of Chandragiri

Farm No. | Sample Id Nitrogen | Available Available | Zinc Boron
(mg-) Phosphorus | Potassium | (pggl) | (ngg)
(negh (nggh)
1 Machhegaun 0.227 81.74 121.72 4.88 0.17
2 Machhegaun 0.307 167.43 72.66 5.69 0.35
3 Machhegaun 0.434 219.12 100.21 2.52 0.52
4 Satungal 0.285 393.94 171.11 14.94 <0.10
5 Satungal 0.230 119.42 44.66 217 <0.10
6 Satungal 0.187 71.90 98.05 3.60 0.23
7 Satungal 0.179 135.41 170.96 2.06 0.35
8 Satungal 0.277 86.66 76.81 3.99 <0.10
9 Bosigaun 0.173 87.40 40.97 11.38 <0.10
10 Bosigaun 0214 64.99 104.95 3.30 <0.10
11 Naikap 0.191 194.51 58.15 280 | <0.10
12 Naikap 0.250 100.95 54.03 1.88 <0.10
133 Dhaulagiri 0.319 445.65 385.20 6.88 <0.10
14 Dhaulagiri 0.237 258.53 290.04 576 | <0.10
15 Thankot 0.357 96.02 79.44 5.81 <0.10
16 Thankot 0.179 142.80 60.00 720 | <0.10
17 Thankot 0.140 105.87 16.05 7.45 0.35
18 Dahachok 0.162 073.87 40.50 3.90 | <0.10
19 Matatirtha 0.187 103.41 42.92 3.17 0.14
20 Matatirtha 0.161 66.96 20.96 10.39 <0.10
Mean 0.238 150.83 102.47 | 5.4885 | 0.11515
SD 0.750 106.37 9226 | 3.46178 | 0.15581
cv 31.71% 70.52% 90.04% | 63.07% | 102.84
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Available Phosphorus

Significant variation can be seen in the phosphorus levels in the soil samples from
Chandragiri which ranged from 64.99 to 445.65kg/ha, with a mean of 150.83kg/ha and an
SD of 106.37kg/ha (Table 1). This indicates a wide range of values with some areas
showing higher phosphorus level. For plants to transport energy, perform photosynthesis,
and produce roots, phosphorus is essential (Fathi and Afra, 2023).

The high mean value implies that there is, on average, enough phosphorus available;
nevertheless, the broad range shows that there is unequal distribution, with some locations
having insufficient phosphorus. Variations in soil pH, organic matter concentration, and
fertilizer application history could be the cause of this heterogeneity. By putting into
practice site-specific phosphorus management techniques, such as routine soil testing and
customized fertilizer, it will be possible to guarantee balanced phosphorus availability
throughout the entire region, which will promote crop productivity.

Available Potassium

The soil samples from Chandragiri had varying potassium levels, with a mean value of
102.47kg/ha, SD of 92.26kg/ha (Table 1). The range of potassium levels was 16.05kg/ha
to 385.20kg/ha. Potassium is necessary for a number of physiological processes in plants,
such as photosynthesis, enzyme activation, and water management (Pandey and Mahiwal,
2020). The significant variation implies that although certain regions might have adequate
potassium, others might not. The soil organic matter level, texture, and inheritance nutrient
status could all be contributing causes to this. A focused strategy to potassium
management, such as site-specific fertilization and soil amendments, is required to resolve
these disparities. By doing this, it will be ensured that potassium levels in all locations are
sufficient, encouraging healthy plant growth and raising agricultural yields.

Zinc Level

Soil samples from Chandragiri exhibited a moderate degree of diversity in their Zn
contents; ranging from 1.88 to 14.94pug/g, with a mean of 5.4885pg/g, SD of 3.46178ug/g
(Table 1). Plants need Zn for the synthesis of proteins and the operation of enzymes
(Shrestha et al., 2020). While the moderate variability points to possible inadequacies in
some places, the mean result showed that zinc levels are generally adequate. Reduced
agricultural yields and stunted growth might result from zinc deficiency. The pH of the
soil, the amount of organic matter, and the way zinc interacts with other nutrients are
factors that affect Zn availability. To maintain sufficient Zn levels and prevent deficiencies,
regular soil testing and proper zinc fertilization are advised. This will support the best
possible health and production of plants (Vista and Shrestha, 2019).
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Boron Level

Soil samples from Chandragiri had consistently low amounts of boron, with mean values
of 0.1515pg/g, SD of 0.15581pg/g and ranges from 0.05 to 0.52pg/g (Table 1). Boron had
highest variability suggesting extreme variation and potentially outlier values in the data
set. For plants to construct their cell walls, develop their reproductive systems, and expand
overall, they need boron (Shrestha et al., 2020). The consistently low levels point to a
general B shortage, which may cause irregularities in the growth of flowers and fruits, poor
root and shoot development, and decreased crop yields. To improve soil fertility and plant
health, targeted boron fertilization is essential.

Fertilizer Application and Production of Tomato in Chandragiri

Overall, the data indicates that there is a heavy reliance on organic fertilizer to improve
soil quality. Among the chemical fertilizers used, urea is most common, followed by DAP
and potash. This suggests that while organic methods are the main priority, chemical
fertilizers are still used in smaller amounts to support crop growth. The result (Table 2)
explains the average fertilizer application and production of the 50 farms that were visited
for survey in Chandragiri.

The data showed the mean application of the fertilizers (Table 2). According to (PMAMP,
2024) the recommended dose for hybrid tomato in controlled poly house is 200:180:80
NPK kg/ha and hybrid cauliflower is 200:120:100 NPK kg/ha while recommended dose of
compost is 15000kg/ha for both crops. This shows the fertilizers applied by the farmers is
higher than that of recommended dose but the average production of tomato is 53.3 T/ha
and cauliflower is 5000kg/ha, which displays the information that fertilizers application
above the threshold level do not increase the production instead production depends on the
farm management practices too.

Table2. Mean fertilizer application by farmers in Chandragiri

Fertilizers Mean Application of fertilizer (kgha™)
Urea 277

DAP 204

Potash 165

FYM 24200

Zinc Sulphate 40

Borax powder 40

This result aligns with the observations of (Bhandari et al., 2016), who observed that
Nepalese tomato growers frequently apply surplus nutrients under the mistaken belief that
it will guarantee better harvests. In this study, the intensive use of Urea (277 kg/ha) and
farm Yard Manure (24,200kg/ha) failed to produce a proportional rise in yield, indicating
a clear nutrient disproportion. These findings reinforce the perspective of (Gautam, 2019),
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suggesting that crop productivity in plastic tunnels is driven more by precise environmental
management than by the sheer quantity of additives. Ultimately, the current approach to
soil fertility in the region appears wasteful; shifting toward data-driven, soil-test- base
applications could lower expenses while preserving the long-term health of the land. To
enhance agricultural productivity in Chandragiri Municipality, several strategic actions are
proposed based on direct input from the farming community. Initially, a jointly effort
between public and private entities is required to upgrade market infrastructure, provide
financial support for inputs, and introduce modern farm equipment. Furthermore, moving
away from general fertilizer use towards precise, site- specific nutrition plans derived from
soil analysis is vital for ensuring crops obtain the correct nutrient balance. This tailored
approach is a key to maximizing plant health and efficiency.

Major Crops Grown in Chandragiri

The bar diagram shows the distribution of cropping system in Chandragiri based on the
main crops grown. According to the survey data; 34% of the farmers cultivate and produce
tomato only following the cropping pattern: tomato-tomato-tomato; 60% of them produce
cauliflower and tomato following the cropping pattern: tomato-cauliflower- tomato; 4% of
them produce tomato and broccoli following the pattern tomato- broccoli-tomato and only
2% of the farmers produce tomato along with strawberry following the pattern tomato-
tomato/ strawberry-tomato (Figure 1). This clearly shows that most commonly grown crop
is tomato whereas least grown item is strawberry.

When comparing to the earlier research conducted in the Kathmandu valley, the 60%
adoption of a cauliflower rotation signifies a favorable transition toward diversified
cropping. The shift is more effective at disrupting pest life cycles and maintaining soil
integrity than traditional monoculture methods. The scientific contribution of this research
lies in demonstrating that while the transition to plastic house technology is high, further
promotion of diverse crops such as broccoli and strawberry is essential to ensuring the
long-term ecological and economical sustainability of these farming systems.

Use of Organic Fertilizers in plastic house

Different kinds of organic fertilizers are used in plastic farms of Chandragiri. Some are
used singly and some in combined form. According to the available data, majority of
farmers relay on FYM only which is 56% (Figure 2). Second majorly applied organic
fertilizer is combination of FYM and poultry which is 8%. Combination of FYM and
mustard oil cake and combination of FYM, compost and combination of FYM and
vermicompost are applied by 6% of the farmers. 4% of the farmers apply poultry and
combination of FYM and jhol maal whereas Combination of FYM and bone meal,
combination of FYM, Vermicompost and mustard oil cake, combination of FYM,
vermicompost and poultry manure and combination of oil cake and jaggery are applied by
2% of the farmer which is the least applied organic matters in Chandragiri.
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The heavy reliance on FYM observed in this study aligns with the findings of (Bhandari et
al., 2016), who noted that traditional organic matter remains the primary nutrient source
for Nepalese vegetable growers. However, the low adoption rate of concentrated organic
inputs like vermicompost and jhol maal suggests an opportunity for improvement in
nutrient density. As highlighted by (Fathi amd Melidiniya, 2023), the synergy between
diverse organic sources can significantly enhance microbial activity and plant growth
resilience compared to single-source amendments. Furthermore, the scientific implication
of these results suggests that while farmers are committed to organic practices, the high
application volumes, as seen in earlier data may be a response to the lower nutrient
concentration of raw FYM. This study supports the economic perspectives of (Gautam,
2019), suggesting that transitioning toward higher-quality organic combinations, such as
FYM enriched with mustard oil cake or poultry manure, could optimize yield efficiency in
intensive plastic tunnel environments. Promoting these diversified organic strategies is
essential for the ling-term ecological sustainability of the Chandragiri agricultural sector.

50% |
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40%

30%

Percent

20%

10%

4%
i

Tomato Tomato and Tomato and Broccoli  Tomato and Strawberry
Cauliflower

Main Crop

Figure 1. Distribution of farmers growing various crops in Chandragiri
municipality under the plastic house

Use of Inorganic Fertilizers

The pie-chart shows the distribution of inorganic fertilizers in plastic farms of Chandragiri
municipality. It is divided into three segments which are: Combination of urea, DAP along
with potash which is applied by 90% of the farmers (Figure 3): combination of DAP with
potash which is applied by 6% of the farmers and no use of any kinds of inorganic fertilizers
which means 4% of the farmers do not apply any kinds of inorganic fertilizers. This
distribution indicates a heavy reliance on combination of urea, DAP and potash as the
primary source inorganic fertilizer. The survey results reveal an overwhelming dependence
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on a conventional mineral fertilizer regime, with 90% of respondents utilizing a tri-partial
combination of Urea, DAP (Diammonium Phosphate), and Potash. This nearly universal
reliance on synthetic inputs suggests a standardized approach to nutrient management
among tomato growers in Chandragiri, likely driven by established market availability and
historic yield responses. The preference for this specific chemical combination reflects
broader agricultural trends across the Bagmati Province. However, as noted by (Bhandari
et al., 2021), the continuous application of high- nitrogen fertilizers like urea, without
adequate organic supplementation, often leads to long- term soil health degradation,
including acidification and a decline in microbial activity. The concentrated use of DAP
and Urea carries specific risks for protected plastic tunnels. To strengthen the scientific
value of these results, considerations should be given to balance nutrient application,
integrated nutrient management and soil testing services.

Tomato cultivars

The diagram displays the distribution of varieties of tomatoes in plastic farms of
Chandragiri. Majorly cultivated breed is Srijana which is 62% which is more than half of
all types used (figure 4). Mix breed of Srijana along with Samjana is second highly
cultivated breed which is 14%. Combination of Sarita, Samjhana, Srijana and Karma77 is
cultivated in 8% of the farms. Combination of Srijana and Sarbashrestha is cultivated by
the 4% of the farms. The least cultivated breeds are Samjhana, combination of Srijana with
Karma777, combination of Karma777, Sarita along with Sarba Shrestha and combination
of Sarbashrestha and Karma777 which is 2%. The dominance of the Srijana hybrid in
Chandragiri municipality indicates a clear farmer bias toward cultivars characterized by
robust yields and resistance to soil-borne pathogens, especially bacterial wilt.

Organic Fertilizer

EFym

BAPoultry
Bvarmicompost
waF¥M and Mustard oil
cake

BEFYM and Compost

EIFYM and Vermicompost

BFYM and Poultry

RYFYM and Bonemeal

E]FYM Vermicompost and
mustard oil cake

EFYM‘ Vermicompost and
Poultry manurs

HFYM and Jhol maal
FYM, Compost, Jhol

B maal, Mustard Cil cake
and Jaggery

Figure 2. Different Kinds of organic fertilizers used by farmers in Chandragiri
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Figure 3. Different inorganic fertilizers used in Chandragiri Municipality?

This trend aligns with observations by (Gautam et al., 2024), who identified Srijana as the
premier choice for Nepalese growers due to its extended productive window and post-
harvest durability which are essential for maintaining fruit quality during transport to the
Kathmandu valley markets.When considering Srijana and its blends, the total adoption
exceeds 75%, signaling a significant lack of genetic diversity in local tomato production.
While such uniformity ensures predictable market supply, it creates a precarious
monoculture environment. Conversely, the marginal use of alternative cultivars such as
Samjhana or karma777 ( ranging from 2% to 4%) suggests that these varieties may suffer
from limited commercial appeal or struggle to adopt to the specific temperature and
humidity profiles found in Chandragiri’s plastic tunnel systems.

Availability of input subsidies The bar graph reveals the distribution of subsidies especially
inputs for the farm activities by the Prime Minister Agriculture Modernization Project
(PMAMP) in Chandragiri. Majority of the farmers in Chandragiri were well known about
the subsidies but they were not provided because of small land holding and non-registration
of farms which is 68% whereas 10% of the farmers are unaware about any kind of subsidies
as they were illiterate (figure 6). 14% of the farmers were getting powertiller, plastic and
pipe. Only 2% of the farmers were provided by power tiller, plastic and pipe, other 2%
were provided by pipe along with drum, also another 2% of the farmers got plastic with
pipe and last 2% of the farmers got power tiller along with pipe. These subsidies were
granted by PMAMP. The data indicates a significant gap between subsidy awareness and
actual utilization within Chandragiri municipality. While a vast majority of the farming
population is cognizant of the Prime Minister Agriculture Modernization Project
(PMAMP) initiatives, a striking 68% remain unable to access these resources due to
structural constraints, especially small land holding sizes and a lack of formal farm
registration.
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Varieties of tomato
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Figure 4. Major breeds of tomato cultivated in Chandragiri
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Figure 5. Utilization of subsidies provided by PMAMP

This disparity between knowledge and access resonates highly with the conclusions of
(Adhikari et al., 2021), who highlighted that the administrative prerequisites of Nepalese
agricultural frameworks frequently create unintended obstacles for smallholder cultivators.
The mandatory institutional enrollment functions as a structural barrier, effectively
excluding the most vulnerable producers from acquiring essential technological assets,
such as protected cultivation structures and mechanized tillers, which are vital for
enhancing productivity.
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CONCLUSION

The results of this research highlight the pivotal impact of protected cultivation on
agricultural modernization in Chandragiri Municipality. Although the 60% prevalence of
tomato- cauliflower successions indicates a lucrative shift toward off-season vegetable
production, comprehensive pedological evaluations reveal a marked disequilibrium in
essential nutrient profiles. Analytical data showed a mean nitrogen concentration of
0.238%, coupled with significant fluctuations in potassium, phosphorus, and boron levels.
Such variability suggests an imminent risk of either acute nutrient depletion or potential
mineral phytotoxicity within specific farm sites.

Despite these heterogeneous soil profiles, producers continue to apply fertilizers at rates
that substantially surpass recommended agronomic thresholds, specifically averaging
277kg/ha of Urea and 24,200kg/ha of Farm Yard Manure. The observation that mean
tomato yields (53.3 t/ha) remain stagnant despite such intensive inputs confirms that
existing fertilization strategies are mismatched with the actual physiological demands of
the crop and the baseline soil status. Therefore, the future sustainability of plastic house
enterprises in this region depends upon a transition from broad- spectrum nutrient
applications to a precision- based management framework rooted in routine soil analysis.

RECOMMENDATIONS

To optimize agricultural output and ensure the sustainability of farming enterprises within
Chandragiri Municipality, several evidence-based strategies are recommended. Initially, a
fundamental shift from broad- spectrum fertilization to a precision- based nutrient
management framework which is rooted in systematic, Site-specific soil diagnostics is
vital. This calibrated approach is designed to provide crops with precise nutritional
requirements, thereby mitigating the systematic inefficiencies associated with the current
over-application of fertilizers. Additionally, local agricultural extension bodies should
launch targeted outreach programs to educate the farming community on how to efficiently
access existing subsidies for essential inputs like seeds and fertilizers. Finally, the
implementation of a regulated price-support mechanism by the state is essential to insulate
producers from the secure equitable financial compensation for their agricultural
contributions.
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ABSTRACT

Agriculture remains one of the key sectors in Nepal's economy. However, many farmers
struggle to access formal credit to enhance their farm productivity and sustainability. This
study assessed farmers’ access to formal credit in Kathmandu Valley and identified the
main barriers limiting its use. A sample of 105 farmers from Kathmandu, Bhaktapur, and
Lalitpur districts was selected using stratified sampling, based on the proportion of farmers
in each district. Data were collected using structured questionnaires. The analysis was
conducted using descriptive statistics. The results showed that although 70% of the farmers
reported awareness of formal credit institutions, only 27% of them had successfully
accessed credit. Among those who accessed credit, most relied on commercial banks and
cooperatives with little assistance during the application process. The most significant
barriers were long processing times and strict collateral requirements, while high interest
was surprisingly not seen as a major issue, possibly due to more pressing concerns. The
findings highlight the need to simplify credit procedures, reduce collateral requirements,
and provide better guidance and awareness programs for farmers. Addressing these issues
is essential for improving financial inclusion and supporting the agricultural sector in
Kathmandu Valley.

Keywords: Descriptive statistics, farmers, financial inclusion, formal credit, significant
barriers

INTRODUCTION

Agriculture has always been the most important economic sector in the majority of
developing countries, not only for its role in supplying food and employment but also as a
significant factor in the overall economic development. The sector has changed its role
from being passive to being an active partner in industrial expansion (Thorbecke, 1969).
In Nepal, agriculture is the backbone of the country’s economy and society; it employs 66
percent of the population and contributes 25.8% of the GDP (MoF, 2021). It supports rural
livelihoods and continues to impact the country's economic performance (Dahal & Thapa,
2020; Chaudhary & Chaudhary, 2023). Agricultural development, on the other hand,
depends on a variety of interrelated factors such as the landholding system, access to credit,
availability of modern technologies, socio-economic conditions, and the development of
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infrastructure, including irrigation and marketplaces (Dumre et al., 2020). Despite its
importance, agricultural productivity in developing countries, including Nepal, remains
low due to limited financial capacity among smallholder farmers. According to Oni et al.
(2009), smallholder farmers generally do not have enough money to spend on modern
technologies, which limits their income potential. In this case, agricultural credit plays a
vital role. Access to credit enables farmers to obtain seeds, fertilizers, irrigation equipment,
and machinery, thereby strengthening food security and supporting the sustainability of
rural livelihoods (Mishra, 2021; Irshad et al., 2021). Formal credit, in particular, has been
linked to improvements in agricultural productivity and modernization (World Bank, 2018;
Zabatantou et al., 2023). Although formal financial institutions, including banks,
cooperatives, and microfinance organizations, are trying to provide credit facilities with
lower interest rates and easier application processes (Rastra Bank, 2014; Irshad et al.,
2021), access remains limited. Farmers commonly face barriers such as high interest rates,
strict collateral requirements, lengthy and complicated loan processes, low awareness of
credit schemes, and limited financial literacy (Rastra Bank, 2014; Ali et al., 2023). These
challenges are further intensified in the Kathmandu Valley, where rapid urbanization has
led to shrinking agricultural land and increasing land prices. Farmland has been replaced
by housing, factories, highways, and other construction works (Zurick & Rose, 2010;
Bapak, 2017). Because of this, farmers in the Valley face more challenges compared to
those in rural areas. Previous reports indicate that farmers in the Valley struggle with high
borrowing costs, lack of information, collateral-related issues, and slow loan approval
processes (Mishra, 2021; Rastra Bank, 2014). While many studies have examined formal
credit access in rural Nepal, little is known about farmers’ access and the barriers they
experience in the rapidly urbanizing and peri-urban areas of Kathmandu Valley.
Understanding farmers’ access to credit and the challenges they encounter is essential for
improving financial inclusion in these transitioning areas. Therefore, this article
concentrates on access to formal credit and the barriers faced by farmers within the study
area.

MATERIALS AND METHODS

The study was conducted in Kathmandu Valley, covering the Kathmandu, Bhaktapur, and
Lalitpur districts. The sample size was calculated using Cochran’s formula (Cochran,
1953), with a 95% confidence level, a 7.5% margin of error. Based on a study by Shakya
et al. (2020), it is estimated that 19% of farmers in Nepal have access to formal credit.
Given these parameters, the calculated sample size for this study is 104, and a total of 105
farmers were surveyed. A stratified sampling method was used to ensure fair representation
of the three districts in Kathmandu Valley, with samples proportionally distributed based
on the number of farm holdings: 50 from Kathmandu, 29 from Lalitpur, and 26 from
Bhaktapur. Before the main survey, a pilot test with about 10% of the sample was
conducted to improve the clarity and relevance of the questionnaire. Primary data were
collected through structured and semi-structured interviews. Secondary information was
obtained from reports, journals, books, and official publications from sources such as NRB,
MoALD, and CBS, which supported the background and analysis of the study.
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RESULTS AND DISCUSSION

Overview of demographic influence on credit access
Gender and credit access

This section highlights the gender composition of the respondents. It provides insight into
the participation of male and female farmers in agricultural activities. The result shows, 68
were male (65%) and 37 were female (35%). Thus, the participation of male and female
farmers was remarkably unequal. This gap highlights how agricultural decision-making in
Nepal is still largely dominated by men. Research backs this up, showing that traditional
patriarchal norms often restrict women’s financial independence. In most cases, it’s men
who control the money and make the major decisions (International Organization for
Migration, 2018). However, a closer analysis reveals a detailed picture. Women applied
for credit more often and had a higher success rate than men. This is possibly due to
targeted support from cooperatives and microfinance institutions, as well as policy
incentives such as tax exemptions for women-led enterprises (Government of Nepal, 2020).
On the other hand, the small number of female respondents means this high success rate
should be interpreted cautiously and may not hold with a larger sample.

35%

65%

Female =Male

Figure 1. Gender-wise application and access to agricultural credit

Education and credit access

The findings in terms of level of literacy revealed that the majority (49%) had completed
their high school, followed by 42 individuals (40%) with education up to SEE (Secondary
Education Examination). Only 10 respondents (9%) had no formal education, while just 2
respondents (2%) had a university-level qualification. This finding suggests that most
participants had at least a basic level of education. The results show a clear positive
relationship between education level and access to agricultural credit. Farmers with no
formal education had the lowest application and approval rates, while those with higher
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levels of education were increasingly more likely to apply for and receive credit. Overall,
education appears to enhance awareness, confidence, and ability to access formal
agricultural credit, a finding consistent with Mishra (2021), who reported that higher
education significantly increases farmers’ use of formal credit.

Age and credit access

The age distribution revealed that 43% of the respondents were aged between 35 and 45
years, highlighting that middle-aged farmers are most active in agriculture. While 30% of
the respondents were aged below 35 years, 27% belonged to the age group over 45 years.
Farmers aged 35-45 years were the most active in agricultural credit use, with 35.56%
applying and 31.11% receiving credit.

120.00%
100.00%
100.00%
80.00%
80.00% 73.81%
62.75%
60.00%
37.25%
40.00%
o 56.19% 33.33%
20.00% 23.81%
20.00%
10.00% 0.00%
0.00%
0.00%
No formal Upto SEE High School University level
education

m Did not Apply for Credit  m Applied for Credit Received Credit

Figure 2. Education-wise application and access to agricultural credit

Younger farmers (below 35 years) had a lower application rate (25%) but a 100% success
rate among applicants, suggesting greater awareness of credit procedures. Farmers aged
over 45 years were the least involved, with 28.57% applying and only 21.43% receiving
credit. Overall, age influences both credit application and approval, though its effect varies
across contexts, as supported by Pandey and Timilsina (2024) and contrasting findings by
Singh et al. (2023). The chart compares farmers’ access to agricultural credit across
Bhaktapur, Kathmandu, and Lalitpur districts. In all three districts, around 30% of farmers
applied for credit. Bhaktapur showed the most favorable outcome, as all applicants
(30.77%) successfully received credit. In Kathmandu, although 30% applied, only 24% of
respondents received credit, indicating some rejections. Lalitpur performed moderately
well, with 31.03% applying and 27.59% receiving credit. Overall, while application rates
were similar across districts, credit approval varied, with Bhaktapur performing best and
Kathmandu the weakest, possibly due to lower levels of formal farm registration in
Kathmandu.
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Annual income of the respondents
The distribution of annual income of respondents shows that 38% of the farmers earned

between 3 to 5 lakhs, constituting the largest income group. 23% reported earnings of less
than 3 lakhs annually.

80.00%

75.00%
70.00% =%

? 64.44%
60.00%
50.00%
40.00%

e 7o 31.11%

50.00% 25.00% =5 25.00%
20.00°% ; e’ I 21.43%

b
10.00% I I

0.00%
Did not Apply for Credit Applied for Credit Received Credit

mlessthan 35 m35to0 45 More than 45

Figure 3. Age-wise application and access to agricultural credit District-wise credit
access
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Figure 4. District-wise access to agricultural credi

About 22% and 8% of farmers reported income between 5 to 7 lakhs, and 7 to 10 lakhs
respectively while, 9% earned more than 10 lakhs per year. Overall, this indicated that
about 61% of respondents had an annual income below 5 lakhs, suggesting that the majority
of farmers in Kathmandu Valley operate with limited financial resources. This may restrict
their ability to access credit or adopt new technologies. Similarly, Zulfiqar et al. (2020)
found that off-farm income had a negative and significant effect on agricultural credit
access.
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Figure 5. Annual income of the respondents
Land under cultivation

The results show that about 38% of the respondents reported having between 2 to 5 ropani
(0.10 to 0.25 ha) of land, making it the most common landholding size among the surveyed
farmers. Around 22% of farmers cultivated more than 10 ropani (> 0.51 ha), while another
20% farmers cultivated between 1 to 2 ropani (0.05 to 0.10 ha). 19% of respondents
cultivated in the 5 to 10 ropani (0.25 to 0.51 ha) range, and only 1% had less than 1 ropani
(< 0.05 ha).

1%

22%

19%

38%

= Less than 1 ropani = 1-2 ropani 2-5 ropani

5-10 ropani More than 10 ropani
Figure 6. Land under cultivation by respondents

Overall, small to medium landholdings are most common, though some farmers
cultivate larger areas. Similar patterns of smallholder dominance have been
reported in Nepal. Mishra (2021) noted that most farmers in Western Nepal have
less than 0.5 ha, limiting credit access. Pandey and Timilsina (2024) also found
that land size affects productivity and access to credit.
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Farm registration

The survey results show that 60% of the farms were not registered, while 40% were
registered. This shows a gap in formal agricultural documentation among farmers in
Kathmandu Valley.

Awareness of formal credit institutions among farmers

The survey revealed that 70% of the farmers were aware of formal credit institutions that
provide agricultural credit, while 30% of them were not aware of it. This shows a high
level of exposure to formal credit sources among the farming community. This aligns with
Campero and Kaiser (2013), who found that awareness is a key factor influencing the use
of formal credit. Efforts to improve awareness appear to be effective, but the 30% of
farmers who are still unaware need to be reached to improve access to formal credit.

= Registered
= Not Registered

Figure 7. Farm registration Credit awareness and use

= Aware = Notaware

Figure 8. Awareness of Formal Credit Institutions
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Access to and ease of formal agricultural credit

The survey shows that out of 105 respondents, only 28 farmers (27%) had access to formal
credit, while the majority, 77 respondents, did not. The finding shows a relatively lower
level of credit access among the farmers in the Kathmandu Valley, suggesting that formal
credit use in the agriculture sector is still at a low level. However, this is slightly higher
than the 19% reported by Shakya et al. (2020) for farmers in Nepal, suggesting that while
access may be better in Kathmandu Valley, formal credit remains largely underutilized in
the agricultural sector. Among those who successfully received credit, perceptions of the
application process varied. Most respondents found it challenging: 64% rated it very
difficult, 18% difficult, 14% neutral, and only 4% considered it easy, with none finding it
very easy. These results highlight that not only is access to credit limited, but the process
itself is difficult, reflecting structural barriers within Nepal’s agricultural credit system.
Such difficulties can directly reduce credit utilization and discourage future applications,
consistent with findings from Rastra Bank (2014).

27%

Access to credit

No Access to credit

73%

Figure 9. Access to credit

0%
4%
14%

64%

=Very easy =Easy =Neutral =Difficult = Very difficult

Figure 10. Ease of accessing credit
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Source of credit

The survey indicates that among the 28 respondents who had access to credit, the majority
of them (57.14%) received credit from formal sources such as commercial banks,
cooperative institutions (28.57%), and microfinance institutions (14.29%). None of the
respondents reported receiving credit through government schemes or subsidies. This
aligns with Gupta et al. (2015), who noted that formal sources of agricultural credit in
Nepal included development banks, farmers’ cooperatives, and other financial institutions.
This shows the important role of banks and cooperatives in supporting agricultural
activities and suggests that enhancing farmers’ access to these institutions could improve
credit availability.

60.00% 57.14%
50.00%
40.00%
30.00% 28.57%
20.00%
14.29%
10.00%
0.00%
0.00%
Commercial Bank  Cooperative Microfinance Government
Institutions Institutions schemes/subsidies

Figure 11. Source of credit
Assistance while applying for credit

Among the respondents who received credit, only 11% received any form of training or
guidance during the application process, while 89% did not receive it. This shows that most
of the farmers applied for credit without any guidance or support from the institutions.
Because of this, many farmers probably struggled to understand the steps involved. This
could also explain the reason why many farmers found the process to be very difficult. The
findings highlight that assistance is important for easing credit access. This aligns with
NRB (2020), which stresses the need for guidance and awareness for financial consumers,
including farmers. The low support seen in this study suggests a gap between what policies
promote and what farmers actually experience in practice.

Source of information about agricultural credit

The survey reported that 32% of the respondents received information about agricultural
credit from friends, family, or neighbors. This was followed by social media (25%) and
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radio/TV (18%). A few of them got information from newspapers (14%), while only 11%
reported learning about credit through a formal training program. This aligns with
Ukwuaba et al. (2020), who reported that farmers mainly relied on informal networks for
credit information because it is easier and faster. Few farmers use formal channels, showing
that awareness programs are not enough, and many farmers might not be getting complete
or reliable information about formal credit. Therefore, enhancing awareness campaigns and
educational efforts by credit institutions and government agencies could help improve
farmers’ understanding and access to formal credit.

= Received assistance = Didn't received assistance

Figure 12. Assistance while applying for credit

—y

32%

= Social media = Training = Friends/Family/Neighbors = Radio/TV = Newspaper

Figure 13. Source of information Perceived barriers to credit access

To analyze the barriers faced by farmers in accessing formal credit, a five-point Likert
scale was used, ranging from “Not a challenge” to “Major challenge.” Respondents were
asked to rate five barriers based on their experience and perception. The results are
presented in the table below. Among the barriers listed in Table 1, long processing time
was found to be the greatest barrier, with 71.4% citing it as a big challenge and having a
high mean score of 4.69, and ranked first. Collateral requirement came second, where
58.1% rated it as a moderate challenge and 31.4% a major challenge (mean =4.20). Limited
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knowledge about credit availability was the third most reported challenge (mean = 3.46),
showing that some farmers lack awareness of existing credit options. Fear of repayment
burden was ranked fourth (mean = 3.30) and was mostly rated as a moderate or neutral
challenge. High interest rates, though frequently cited in more general policy discussions,
were lowest (mean = 3.17), and no farmers indicated it as a significant issue.

Table 1. Farmers’ perception of barriers in accessing credit

Not a | Minor Moderate | Major
Challenge challenge | challenge Neutral challenge | challenge Mean Rank
Long o 27 75
processing time 0 0 3 (2:9%) (25.7%) (71.4%) 4.6857 !
Collateral o 10 61 33
requirements 0 1(1%) (9.5%) (58.1%) (31.4%) 4.2 2
Limited
knowledge o o 34 27 o
about  credit 1(1%) 21 (20%) (32.4%) | (25.7%) 22@1%) | 34571 3
availability
Fear of
16 45 33
0, 0,
repayment 2 (1.9%) (15.2%) 42.9%) | (31.4%) 9(8.6%) | 32952 | 4
burden
High interest o 11 o 31
rates 1 (1%) (10.5%) 62 (59%) (29.5%) 0 3.1714 | 5

(Source: Field Survey, 2025)

The data show that farmers face significant barriers to credit access due to procedural and
structural problems such as lengthy processing times and high collateral requirements.
Similar challenges have been highlighted in earlier studies, where delays in loan approval
and disbursement remain major barriers to effective credit access for farmers (Ayegba &
Ikani, 2013; Asogwa et al. 2014). Thus, while credit schemes may exist, access often
remains restricted, particularly for those without substantial assets, as lengthy procedures
limit timely availability.

A variety of information-related challenges, including limited knowledge and personal
concerns such as fear of repayment, contribute to the issue, but their impact is less
significant. However, high interest rates were not identified as a major challenge, ranking
lowest among the reported barriers, indicating that they may be more urgent access-related
issues or that they are relatively manageable. This contrasts with the findings of Pandey et
al. (2025), who reported that high interest rates were among the leading constraints faced
by farmers in accessing credit. The difference suggests that the nature of challenges varies
by context and institutional setting. Overall, the research outcomes show a need to simplify
credit procedures while decreasing collateral demands and expanding awareness initiatives
to improve credit accessibility for farmers.
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CONCLUSION

This study aimed to examine farmers’ access to formal credit in Kathmandu Valley and to
identify the major barriers that limit their access to credit. The results show that although
most farmers are aware of formal credit institutions, only a small proportion actually access
credit. This shows a clear gap between awareness and real credit use.

The findings reveal that accessing credit is still a difficult and time-consuming process for
many farmers. Long processing times and strict collateral requirements were found to be
the most serious obstacles, discouraging farmers from applying for loans even when they
need financial support. The fact that most borrowers rely mainly on commercial banks and
cooperatives while receiving little to no assistance during the application process shows
that credit institutions are still falling short in providing farmer-friendly services. Likewise,
farmers’ heavy reliance on informal sources such as friends, family, and neighbors for
credit information suggests that formal awareness campaigns are not reaching the target
groups effectively.

Overall, the study concludes that improving access to formal credit in Kathmandu Valley
requires more than simply increasing the availability of loan programs. Credit institutions
must simplify procedures, reduce collateral burdens, and provide proper guidance
throughout the application process. Strengthening reliable information channels and
ensuring supportive, accessible services are crucial steps toward making formal credit more
inclusive and responsive to the needs of the farming community in Kathmandu Valley.
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ABSTRACT

Despite being an important food and cash crop in Nepal, commercialization of
potato is limited. This study was conducted to identify the determinants of
farmers’ willingness to grow potatoes on a commercial scale, as well as the
encouraging and limiting factors, in Rupandehi district, Nepal. Employing a
purposive random sampling, 120 farm households were selected from seven
municipalities. Primary data were collected in 2025 through household surveys
using a pretested semi-structured interview schedule, while Key Informant
Interview (KII) and Focus Group Discussion (FGD) were conducted with selected
participants. Descriptive statistics and a probit model were used for data analysis.
The results revealed that farming experience, access to labor, landholding size and
access to subsidy were key determinants that positively affected farmers’
willingness to commercialize potato cultivation, while age had a negative effect.
Farmers reported better market access, availability of improved seeds, higher
selling prices and financial support as major motivating factors for
commercialization. Similarly, farmers reported risks of crop failure, lack of
capital, small landholdings and unstable prices as major barriers. Thus, the study
highlights the need for targeted policy actions such as providing timely access to
quality inputs, expanding financial support, stabilizing market prices and
promoting collective approaches to address landholding issues to enhance
farmers’ involvement in commercial potato production.

Key words: Inputs, labor, landholding, market, subsidy
INTRODUCTION

The potato (Solanum tuberosum L.) is an important non-cereal crop, grown
extensively in more than 125 countries and contributing to food security across
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the globe (Bozan et al., 2023; Sahu et al., 2024). Cultivated through the terai to
the high mountains in Nepal, in an area of 203,812 hectares, yielding a production
of 3,487,816 metric tons and achieving a productivity of 17.11 metric tons per
hectare, potato is a major food and cash crop contributing significantly to
agricultural GDP, at 6.55% (MoALD, 2024).

Suitability of potato to different agro-ecological zones of Nepal has highlighted
this crop for smallholder commercialization. This approach is promoted with the
view to accelerate rural income growth, market participation, and structural
transformation (Subedi et al., 2019; Timsina et al., 2019).

Agriculture Development Strategy of Nepal defines commercial cultivation as
shift from subsistence farming towards market-oriented farming aimed at income
generation. Commercialization is promoted because it helps farm household to
increase farm income and improves food and nutrition security, with long term
benefits of employment generation across the value chain and overall
transformation of the agriculture sector into more competitive and sustainable
one. The Agriculture Development Strategy highlights that to promote
commercialization, enabling factors should be facilitated such as access to quality
seeds, fertilizers, irrigation and mechanization, improved storage, transportation
and market infrastructure. It also highlights strengthening value chains,
encouraging contract farming and cooperatives, providing agricultural finance
and insurance, and expanding training and extension services (MoAD, 2016).

However, commercial-scale production is limited as it is still dominated by
subsistence production and integration into higher-value market channels is seen
uneven across the country (Gairhe et al., 2017). Productivity has only marginally
increased from 16.05 Mt/ha in 2018/19 to 17.11 Mt/ha in 2022/23 (MoALD,
2024), indicating unsatisfactory production levels (FAOSTAT, 2023). Nepal
imported large quantity of potatoes to meet domestic demand for consumption
and cultivation during the fiscal year 2079/80 (2022/23). Record indicates that
29,990 kg of seed potatoes, 306.6 million kg of whether fresh or chilled, and 4.4
million kg of frozen potatoes was imported (MoALD, 2024).

Despite the crop's importance and the focus on commercialization, there is limited
studies that looks at both farmers' willingness to grow potatoes on a commercial
scale and the various factors that encourage or hinder this across different farming
environments. Addressing this gap is important for three main reasons. First, the
Government of Nepal continues to prioritize vegetable value chains for growth
and food security, with potatoes as a key crop. Second, fluctuations in input and

42



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

output markets increase the need for storage, market information, and risk-
reduction services when making commercialization decisions. Third, new and
renewed investments in improving seed systems and supporting farmer
organizations need detailed, location-specific evidence to identify where the main
constraints are and which strategies can most effectively increase commercial
interest. In this context, the present study offers novel contributions by explicitly
examining farmers’ willingness to commercialize potato cultivation, rather than
focusing solely on adoption or production outcomes, and by integrating
econometric analysis with qualitative insights to generate comprehensive, policy-
relevant evidence for promoting market-oriented growth in the potato subsector
of Nepal. This includes seed system reforms, targeted extension, cooperative
development, and investments in market and storage infrastructure.

MATERIALS AND METHODS

The study was conducted in Rupandehi district of Nepal, which represents the
terai region. Rupandehi district is a major producer of potato, as it produces
35,945 metric tons of potatoes on 2385 hectares of land, with a productivity of
15.07 metric tons per hectare (MoALD, 2024). Rupandehi has a lot of potential
for large-scale potato production because of its fertile, level ground and ideal
agro-climatic conditions. To actively encourage commercial growing, the
government has established a "potato zone" spanning seven municipalities in
Rupandehi as part of the Prime Minister Agriculture Modernization Project
(PMAMP). Within the district, the study was carried out in local bodies, namely
Tilottama, Sainamaina, Shuddhodhan, Kanchan, Gaindahwa, Mayadevi, and
Siyari, covering 19 wards in total which are the potato zones under PMAMP.A
purposive random sampling technique was used to select 120 farmers from the
PMAMP-potato zone command area. Primary data was collected using pretested
semi-structured interview schedule with farm household head. Further, 5 Focus
Group Discussion (FGD) were carried out with farmers in a group of 6-8 members
and 10 Key Informant Interview (KII) with agriculture officer of PMAMP-PIU
Rupandehi, local representatives, cooperatives and farmers group leaders, and
progressive farmers. The secondary information was collected from various
published sources like journal articles, and publications of the Food and
Agriculture Organization (FAO), Ministry of Agriculture and Livestock
Development (MoALD), Prime Minister Agriculture Modernization Project
(PMAMP), National Potato Research Program (NPRP), Agriculture Knowledge
Center (AKC) and other government offices. Purposive random sampling was
used to focus on farmers within PMAMP-potato zone command area, which was
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appropriate for capturing commercialization dynamics, this approach may limit
the generalizability of the findings beyond similar contexts. Nevertheless, the
method was suitable for generating in-depth, location-specific insights relevant
for policy and program design.

A farmer who cultivates potatoes continuously on 0.5 ha (14.79 katha) or more,
sells most of the harvest (>80%), and is linked/registered with market/processing
channels or government program is termed as commercial in the study.
Descriptive analysis and probit model were employed using Stata/BE 17.0 in
order to determine the determinants of farmers willingness to grow potatoes on a
commercial scale. The marginal effect on those variables was estimated in the
probit model to assess the effect of each independent variable on the willingness.

Model specification:
Pr(Y=1)="f(bo+ biX; + b2X; + b3X3 + baXs + bsXs + bsXs + b7X7 + bsXs +
boXo + b1oX10 + b11Xi11)

Where,
Pr (Y = 1) = Probability of willingness

Xi= Gender (dummy); X>= Age (continuous); X3= Education (continuous); X4=
Experience (continuous); Xs= Income (continuous); Xs= Contact (dummy); X;=
Membership (dummy); Xs= Credit (dummy); X¢= Labor (dummy); X;o= Land-
holding (continuous); X;;=Subsidy (dummy)

bo= Regression coefficient
.................. b11= Probit coefficient
The description of the variables used is presented in Table 1.

RESULTS AND DISCUSSION

Socio-economic and institutional characteristics of the respondents

The socio-economic and institutional characteristics of the respondents is
presented in Table 1. As observed, 72.5% of respondent are willing to grow potato
commercially and 73.3% of the households were headed by male. The average
age of the household head was 53.10 years. On average, respondents have about
4.60 years of formal schooling. Respondents have a 29.87 years of farming
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experience on average. On average, 4.32 members of family are involved in
farming. Respondents on average had annual household income of NPR
203,916.70. On average, 85.8% of the respondents have regular contact with
extension workers and 87.5% are members of farmer groups or cooperatives.
Similarly, 98.3% of the respondents have access to credit and 81.6% have access
to labor. On average, respondents have 25.74 katha of total farm size, allocated
for different commodities, within 3.74 katha under potato farming. On average,
76.6% have access to subsidy.

Determinants of farmers’ willingness to commercialize potato production

Determinants of farmers’ willingness to commercialize potato production is
presented in Table 2. Results showed that age, farming experience, access to
labor, land holding and subsidy were statistically significant in the willingness to
commercialize potato production. Keeping other variables constant, the
probability of willingness decreases by 2.38% with increase in age by one unit,
suggesting that older farmers are less likely to adopt commercial farming
practices, possibly due to risks or reduced physical involvement. Result is in line
with previous studies (Mdoda et al., 2023; Wakaba et al., 2022).

Table 1. Socio-economic and institutional characteristics of the respondents

Variables Description Mean Standard
Deviation

Dependent

variable

Willingness =1 if the respondent report willingness, 0 | 0.725 0.448
otherwise

Independent

variables

Gender Gender of the respondents (1-male, 0-female) 0.733 0.444

Age Age of the respondent (year) 53.108 12.136

Education Formal schooling of 4.60 4278
the respondent (year)

Involvement Family member involved in farming (number) 4.325 3.004

Experience Farming experience of the respondent (year) 29.875 11.413

Income Annual income of the household (NPR) 203916.70 231540.50

Contact =1 if regular contact with extension workers, 0 | 0.858 0.350
otherwise

Membership =1 if member in farmer’s groups or 0.875 0.332
agricultural cooperatives, 0 otherwise.

Credit =1 if access to credit, 0 Otherwise 0.983 0.128

Labor =1 if access to labor, 0 otherwise 0.816 0.388

Land-holding Total land holding (katha) 25.741 16.918

Farm size Area under potato farming (katha) 3.741 3.990

Subsidy =1 if access to subsidy,0 otherwise 0.766 0.424
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Similarly, probability of willingness increases by 1.92% with increase in farming
experience by one unit, implying that experienced farmers are more confident and
informed about commercial opportunities. Result is in line with Wubet et al.
(2022).

Probability of willingness increases by 47.41% with access to labor, reflecting the
critical role labor availability plays in managing commercial farming. Result is in
line with previous studies (Amrullah et al., 2024; Mdoda et al., 2023; Wakaba et
al., 2022). Similarly, access to subsidy increase the probability of willingness by
41.73%, highlighting that financial support significantly encourage
commercialization. Result is in line with previous studies (Chauhan et al., 2022;
Kalwar et al., 2024). Probability of willingness increase by 0.68% with increase
in land- holding by one unit, suggesting that land size enables better scale and
resource utilization. Result is in line with previous studies (Mdoda et al., 2023;
Wakaba et al.,, 2022). Other variables such as gender, education, income,
extension contact, membership and access to credit were not significant, including
their limited or indirect influence in this context.

Table 2. Probit model estimation and marginal effect for determinants of
willingness to commercialize potato production

Variables Coef. Std. Err. | p- dy/dx Std.  Err.

value (dy/dx)
Gender 0.1367 0.3833 0.721 0.0385 0.1103
Age -0.0870%** 0.0375 0.021 -0.0238 0.0098
Education -0.0306 0.0462 0.507 -0.0084 0.0126
Experience 0.0703* 0.0379 0.064 0.0192 0.0101
Log(income) 0.0683 0.4807 0.887 0.0187 0.1319
Contact 0.9399 0.7253 0.195 0.3176 0.2733
Membership -0.6866 0.7635 0.369 -0.1465 0.1221
Credit -0.7850 0.9074 0.387 -0.1462 0.1012
Labor 1.3876%** 0.4246 0.001 0.4741 0.1484
Land-holding 0.0250* 0.0134 0.063 0.0068 0.0035
Subsidy 1.2612%** 0.4359 0.004 0.4173 0.1537

cons 0.8977 2.5247 0.722

Summary statistics: Number of observations=120; LR chi2 (11) =55.20; Prob
>chi2 =0.0000; Pseudo R2 = 0.3911; Log likelihood = -42.9792

Note: *, ** *** jindicate significant at 10%,5%,1% level of significance,
respectively.
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Encouraging factors for commercial expansion (among those willing)

The Table 3 shows that better market access is the most significant factor
encouraging farmers to grow potatoes commercially, followed by improved seeds
and inputs, and higher selling prices. These findings suggest that farmers are
encouraged by consistent markets, quality inputs, and better income prospects.
Availability of loans, subsidies and training on modern techniques also play
important roles by reducing financial risk and improving skills. Although fewer
respondents cited cooperative or contract farming, such institutional support still
contributes to commercialization. This result is similar to previous studies
(Chauhan et al., 2022; Gairhe et al., 2017; Kharel, 2022), which reported that the
factors affecting commercialization includes access to quality seed, training and
extension, market access and information, irrigation, storage and post-harvest
infrastructure, financial services, and membership in farmers organization.

Reasons for not expanding potato farming

Among those unwilling, reasons for not expanding into commercial scale is
presented in Table 4. The results revealed that the main obstacles to commercial
potato farming are the risk of crop failure and lack of capital, suggesting that
uncertainty and financial limitations are key concerns for farmers. Land shortage
also limits expansion, particularly among smallholders. Additionally, unstable
market prices and lack of technical knowledge further discourage
commercialization.

Table 3. Encouraging factors for commercial expansion (among those

willing)
Factors Frequency (n=87)
Better market access 45
Improved seed and inputs 38
Higher selling price 36
Credit 32
Subsidies 32
Training on modern farming techniques 28
Cooperative/contract farming opportunities 19

Note: Multiple responses were allowed, so the sum of frequencies exceeds the
number of respondents.

This finding is further supported by FGD, where a farmer (female, 40 years)

stated, “We know how to grow potatoes, but we don’t always know the right
fertilizer doses or pest management techniques.” This result is similar to previous
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studies who reported major obstacles include a lack of quality seeds, delays in
fertilizer supply, labor shortages, and poor market access (Subedi et al., 2019).
Additionally, the absence of good post-harvest technologies, inadequate storage
facilities, reliance on local collectors to set prices, and a lack of knowledge in pest
management make production and marketing even more challenging (Chauhan et
al., 2022).

Table 4. Reasons for not expanding potato farming (among those unwilling)

Reasons Frequency (n=33)
Risk of crop failure 23
Lack of capital 22
Land shortage 17
Unstable market price 10
Lack of technical knowledge 6

Note: Multiple responses were allowed, so the sum of frequencies exceeds the
number of respondents.

Desired support for commercial farming

Table 5 presents the desired support stated by farmers for commercial farming.
Results revealed that the availability of quality inputs and institutional support
such as subsidies, credit and training are desired support the farmers are expecting
to grow potato commercially. This finding is similar to the previous studies
(Chauhan et al., 2022; Kharel, 2022).

Table 5. Desired support for commercial farming

Type of support Frequency

Quality/disease-free/graded seed 31

Subsidies (in general, lease-in lands, | 30
on seeds, fertilizer, irrigation)

Credit at low interest 30
Training 18
Fertilizer availability 12

Irrigation facilities

Storage support

Better market access
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Note: Multiple responses were allowed, so the sum of frequencies exceeds the
number of respondents.

This finding is also consistent with qualitative evidence from FGD, where a
farmer (male, 45 years) stated, “Every year we face delays in getting good seed,
and sometimes we are forced to plant whatever is available. If high-quality seed
were supplied on time, our production would improve a lot.” Similarly, KII with
a local cooperative chairperson noted, “Farmers are willing to expand, but the
high cost of seed and machinery discourages them. Subsidies would reduce their
risk and encourage commercial farming.” Similarly, a farmer (male, 50 years)
during FGD stated, “Even if we grow more potatoes, where will we store them?
Without storage, we are forced to sell at low prices.” Similarly, KII with an
agricultural officer stated, “Delay in fertilizer distribution creates a big gap
between potential and actual yields.” Similarly, a farmer (male, 55 years) during
FGD stated, “We can grow more, but without water at the right time, it is difficult.
And even if we grow, the traders decide the price, not us.” Overall, both FGD and
KII underscore that improving input delivery systems, strengthening subsidy and
credit mechanisms, and investing in irrigation, storage, and market governance
are essential to support sustained commercialization of potato farming.

CONCLUSION

The findings from the study showed that young age, experience, labor availability,
larger landholdings, and subsidies were factors that influenced farmers’
willingness to commercialize potato production. Improved market access,
availability of improved inputs and market price seemed to be the encouraging
factors for commercial production. Unstable prices, lack of capital, and small
landholdings were still important constraints. To address these, policy and
programs should target quality seeds on time, subsidies, and programs for
improving farmers’ capacity. Irrigation and storage facilities should also be
invested in to reduce production risks and post-harvest losses. Moreover,
improving market systems to provide stable and reliable prices would be
important for encouraging continuous engagement in commercial potato
production. Measure to combat land shortage should be facilitated by subsidies in
lease-in or other collective methods.
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SUGGESTIONS

Future studies should consider larger samples randomly selected from different
agro-ecological zones, and use longitudinal or panel data. The integration of
behavioral studies with value chain studies would be important to develop robust
commercialization strategies.
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ABSTRACT

The study on the effect of casing materials on Calocybe indica was carried out
from April 30 to August 1 at the Science Business and Innovation Laboratory of
HICAST. The experiment was conducted under ambient environmental
conditions, where the temperature ranged between 21-27°C and relative humidity
remained within 65-80%. A Completely Randomized Design (CRD) was
employed with four treatments Soil + Farmyard Manure (1:1), Soil + Spent
Mushroom Substrate (1:1), Cocopeat + Vermicompost (2:1), and Vermicompost
+ Soil + Cocopeat (2:1:1) each replicated four times to evaluate their influence on
yield, number of fruiting bodies, and morphological traits of Calocybe indica. The
Vermicompost + Soil + Cocopeat mixture significantly outperformed other
treatments, producing the highest number of fruiting bodies (8.5 and 3.25 in first
and second harvests), greatest total yield (487.5 g), and highest biological
efficiency (97.5%). Soil + FYM followed with 435 g yield and 87% efficiency,
while Cocopeat + Vermicompost gave moderate performance (383.75 g, 76.75%
efficiency). Soil + SMS consistently resulted in the lowest yield (358.75 g,
71.75% efficiency) and poorest morphological characteristics. In terms of
morphology, the Vermicompost based casing produced the longest and thickest
stipes and one of the widest pileus diameters. Based on these findings, the
Vermicompost + Soil + Cocopeat casing mixture is suggested for improved
growth and yield of Milky mushrooms under similar environmental conditions.

Keywords: Biological efficiency, Calocybe indica, casing materials,
vermicompost, morphological traits
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INTRODUCTION

Mushrooms are valued worldwide as a nutritious food source and a reservoir of
bioactive compounds with medicinal importance. They are increasingly
recognized as functional foods owing to their anti-inflammatory, antioxidant,
antibacterial, and immunomodulatory properties (Singh ef al., 2018; Rijal et al.,
2021). With low fat content, high-quality protein, essential vitamins (B1, B2, Bi2),
and minerals such as potassium, calcium, and iron, mushrooms serve as a healthy
dietary component that bridges the nutritional gap between vegetables and meat
(Mattila et al., 2001; Patel et al., 2012). Among the edible species, milky
mushroom (Calocybe indica) has drawn attention for its ability to grow on a
variety of agricultural and industrial wastes, making it an ideal candidate for
sustainable farming systems (Chang, 2007). Calocybe indica, first identified in
1974 in West Bengal by Purkayastha and Chandra, is now considered one of the
most promising tropical mushroom species. After its successful domestication and
introduction of the APK2 variety in Tamil Nadu (Krishnamoorthy et al., 1998), it
has become the third most commercially cultivated mushroom in India after
button and oyster mushrooms (Kumar et al., 2018). Its robust milky white
sporophores, long shelf life, and ability to fruit at higher temperatures (30 + 2 °C)
make it particularly suitable for warm regions where low-temperature mushroom
cultivation is difficult (Pani, 2010; Kumar et al., 2012). Although C. indica is well
adapted to tropical climates, commercial production in South Asia including
Nepal remains limited. The absence of standardized cultivation techniques,
especially concerning casing practices, constrains yield and consistency (Panda
and Biswas, 2021). Casing, the application of a surface layer over the colonized
substrate, is critical for fruit body initiation and development. It regulates the
microenvironment by maintaining moisture, aeration, and microbial activity,
while providing mechanical support to developing sporophores (Elangovan et al.,
2024; Yadav, 2006). The physical and chemical properties of the casing texture,
porosity, pH, and water-holding capacity greatly influence the shift from
vegetative to reproductive growth, thereby determining yield and biological
efficiency (Farsi et al., 2011; Tewari, 2005). Traditionally, peat moss has been the
preferred casing material in temperate regions, but its cost, limited availability,
and non-renewable nature restrict its use in South Asia (Sassine et al., 2007).
Consequently, sustainable and locally available alternatives such as soil, farmyard
manure, cocopeat, vermicompost, and spent mushroom substrate (SMS) warrant
evaluation for tropical conditions.
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Casing plays a vital role in milky mushroom cultivation, ensuring proper moisture
retention and gas exchange, while an unsuitable casing can hinder pinhead
formation and reduce yield (MacCanna, 1983; Subbiah and Balan, 2015). The
thickness and composition of the casing have also been found to influence
productivity, with 2-2.5 cm identified as optimal for C. indica (Pani, 2012;
Subramanian and Shanmugasundaram, 2015). Vermicompost, in particular, is
known to enhance microbial activity and moisture retention, supporting better
fruiting body formation (Nagaratna and Mallesha, 2007). Despite this, systematic
comparisons among various locally available mixtures remain limited in the
Nepalese context. Therefore, the present study was undertaken to evaluate the
effect of different casing mixtures Soil + FYM (1:1), Soil + SMS (1:1), Cocopeat
+ Vermicompost (2:1), and Vermicompost + Soil + Cocopeat (2:1:1) on the
growth, yield, and biological efficiency of milky mushroom (Calocybe indica)
cultivated under ambient Nepalese conditions using polyethylene-bag systems.
The results are expected to contribute to the standardization of casing practices
for sustainable milky mushroom production in tropical environments.

MATERIALS AND METHODS

Experimental site

The experiment was conducted from April 30 to August 1, 2025, at the Science
Business and Innovation Laboratory of the Himalayan College of Agricultural
Sciences and Technology (HICAST), Kirtipur, Kathmandu, Nepal (27.6°N,
85.3°E). The site represents a subtropical environment with an annual rainfall of
approximately 1025 mm and maximum summer temperatures around 31 °C.

Experimental designs and treatments

A Completely Randomized Design (CRD) was employed with four treatments
and four replications (16 units total). Casing mixtures were prepared using locally
available materials Soil + FYM (1:1), Soil + Spent Mushroom Substrate (1:1),
Cocopeat + Vermicompost (2:1), and Vermicompost + Soil + Cocopeat (2:1:1)
selected to compare microbial activity and moisture-retention effects on yield and
morphology of Calocybe indica. Details of the treatments are presented in Table
1.

Substrate preparation

Paddy straw was used as the substrate for milky mushroom production. It was
soaked in water for 19 hours, drained, and pasteurized with hot water steam for

54



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

2 hours. The substrate was then cooled on a disinfected surface until it reached
25°C, after which 1% CaCOs and 2% CaSOa4 were mixed in. This prepared
substrate was used for spawning.

Table 1. Treatments details

T1 Soil + FYM (SFYM) (1:1)

T2 Soil + SMS (SSMS) (1:1)

T3 Cocopeat + Vermicompost (CPVC) (2:1)

T4 Vermicompost + Soil + Cocopeat (VSCP) (2:1:1)

Inoculation and incubation

Fresh, fully colonized spawn of Calocybe indica was inoculated at a 5% rate (wet
weight basis) into the substrate using 16" x 24" polypropylene bags. Inoculation
was done by alternate layering of pasteurized straw and spawn to ensure uniform
distribution. The bags were tightly secured, compressed to remove air pockets,
and perforated for aeration. All operations were performed under hygienic
conditions to prevent contamination. The inoculated bags were incubated in a dark
room under ambient conditions (21-25°C temperature and 65-80% relative
humidity) until the substrate was completely colonized by white mycelium,
indicating healthy growth.

Casing

After full colonization, casing was applied to stimulate fruiting. Casing mixtures
were prepared using garden soil, FYM, vermicompost, cocopeat, and spent
mushroom substrate in different ratios to form four treatments. The mixtures were
sterilized by autoclaving at 121°C and 15 psi for 2 hours. Once cooled, about 1
inch of casing material was spread evenly over the colonized substrate surface.
The cased bags were kept in a well-ventilated area with indirect light and
maintained moist through regular watering until pinhead formation and fruiting
occurred.

Harvesting
Mushrooms were harvested when the caps were fully expanded by gently twisting

and pulling them by hand. Harvested mushrooms were cleaned to remove casing
material and dirt before recording yield data.
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Observation and data collection

Growth and yield parameters were recorded at regular intervals to assess the
effects of different casing mixtures on the performance of Calocybe indica.
Observations were taken from all replications, and mean values were used for
analysis.

The following parameters were measured:
1. Days to pinhead initiation: Number of days from casing application to
the first visible appearance of pinheads.
2. Days to first and second harvest: Number of days from casing to the
first and second flush harvests, respectively.
3. Number of fruiting bodies per bag: Count of mature mushrooms
harvested per experimental unit during each flush.
4. Stipe length (cm) and diameter (cm): Measured from the base to the
pileus and at the midpoint of the stipe using a digital caliper.
5. Pileus diameter (cm) and thickness (cm): Recorded at the widest part
of the cap and its center using a vernier caliper.
6. Fresh weight per fruiting body (g): Measured immediately after
harvest using a digital weighing balance.
7. Total yield per bag (g): Cumulative fresh weight of all fruiting bodies
obtained per experimental unit from both flushes.
8. Biological efficiency (BE %): Calculated using the formula:
(Total fresh weight of mushrooms / Dry weight of substrate) x 100
All observations were made on freshly harvested mushrooms. Morphological
measurements were taken from randomly selected representative fruiting bodies
in each replication.

Statistical analysis

Data were compiled in MS Excel (v16.0) and analyzed using ANOVA in R Studio
(v4.4.1). Mean differences were compared using the Least Significant Difference
(LSD) test at a 5% significance level. Figures and tables were prepared in Excel.

RESULTS AND DISCUSSION

The application of different casing materials significantly influenced all major
growth, yield, and morphological parameters of Calocybe indica in this study.
The Vermicompost + Soil + Cocopeat (VSCP; 2:1:1) casing mixture consistently
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demonstrated superior performance across nearly all metrics evaluated,
establishing itself as the most effective treatment. Specifically, VSCP prompted
the most rapid initiation of the fruiting cycle, resulted in the highest production of
fruiting bodies, and yielded the greatest total biomass with the highest biological
efficiency. Furthermore, mushrooms grown under the VSCP treatment exhibited
superior morphological characteristics, indicative of higher quality. The following
subsections detail the effects on each parameter, with the performance of the
VSCP mixture consistently outperforming the other treatments, including the
traditional Soil + Farmyard Manure (SFYM) blend.

Effect of different casing materials on days to pinhead formation and
harvest.

The application of different casing materials significantly affected the time
required for pinhead initiation and harvest of Calocybe indica. The VSCP mixture
showed the most rapid fruiting response, initiating primordia within 11.5 days and
reaching the first and second harvests at 11.7 and 8.5 days, respectively.

30
20 16 25525
= 14.25 11. 511 75
o I I
0

T4

Treatments

B Casing to Primordia Formation (days)
M Days to 1st harvest

Days to 2nd Harvest

Figure 1. Effect of casing materials on days to primordia formation, days to
1t and 2" harvest

This accelerated development can be attributed to the optimal physicochemical
and biological properties of vermicompost, which harbors beneficial microbes
producing growth regulators and volatile compounds that stimulate the transition
from vegetative mycelium to reproductive fruiting bodies (Eger, 1961; Nagaratna
& Mallesha, 2007). Moreover, the inclusion of cocopeat and soil created a porous,

57



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

well-aerated structure that maintained ideal surface moisture while facilitating gas
exchange, particularly CO: dissipation factors critical for early pinhead initiation
(MacCanna, 1983; Subramanian & Shanmugasundaram, 2015). In contrast, the
delayed pinning (14.25 days) and harvest (24.5 days) observed in the SSMS
treatment suggest nutrient depletion and compaction, leading to poor aeration
(Choudhary, 2011). The moderate performance of CPVC (17 days to pinhead
formation) and the relatively delayed pinning in SFYM (20.5 days) reaffirm that
a balanced combination of physical and microbial properties, as seen in VSCP,
enhances mycelial fructification and reduces crop duration (Lambert & Humfeld,
1939; Pandey & Tewari, 1994; Bhatt et al., 2007).

Table 2. Effect of casing materials on number of fruiting bodies

Number of fruiting bodies
Treatments 1stharvest 2" harvest
SFYM (1:1) 6.5+0.288P 2.75+0.4782
SSMS (1:1) 5+0.408° 2.50+0.288?
CPVC (2:1) 6.5+0.288P 2.25+0.250?
VSCP (2:1:1) 8.5+0.2882 3.25+0.4782
LSD 0.994 1.197
F-value Hk* NS
C.V (%) 9.743 28.922
Grand Mean 6.625 2.687

Signif. Codes: 0 “***>(0.001 “*** 0.01°** 0.05 . 0.1 ‘NS’ 1
Non-significant (NS), Significant (*), Highly Significant (**), Very Highly
Significant (***) at 95 % level of confidence.

Effect of different casing materials on no. of fruiting bodies

Casing materials markedly influenced the number of fruiting bodies per flush. The
VSCP mixture yielded the highest counts (8.5 in the first and 3.25 in the second
flush), followed by SFYM and CPVC (6.5 each), while SSMS recorded the lowest
(5.0). The superior performance of VSCP reflects its rich microbial population
and sustained nutrient availability, both of which stimulate consistent fruiting
across flushes (Nagaratna & Mallesha, 2007; Bhatt et al., 2007).

The contrasting performance of CPVC, which produced a strong first flush but
declined sharply in the second, highlights the difference between casings that
promote initial fruiting and those that sustain productivity. The high water-
holding capacity of cocopeat favored initial fruit formation (MacCanna, 1983),
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but its lower nutrient and microbial content limited subsequent flushes. In
contrast, the biologically active and porous VSCP mixture maintained consistent
fruiting through improved aeration and gradual nutrient release (Tandon et al.,
2006). These results demonstrate that integrating nutrient-rich vermicompost with
soil and cocopeat supports both the initiation and continuity of the fruiting
process.

Effect of different casing materials on yield of mushroom

The yield of Calocybe indica was significantly influenced by the type of casing
material used (Table 3). The VSCP treatment produced the highest yield (325.25
g in the first flush and 162.25 g in the second), indicating its superior ability to
support both initiation and sustainability of fruiting. This can be attributed to the
biologically active and nutrient-rich nature of vermicompost, which enhances
microbial activity and provides sustained nutrient release. Beneficial microbes
such as Trichoderma and Azotobacter in vermicompost secrete growth regulators
and enzymes that promote mycelial vigor and continuous fruiting (Nagaratna and
Mallesha, 2007; Tandon et al., 2006). The combination of soil and cocopeat
further improves aeration and moisture balance, providing ideal conditions for
sustained yield (Pandey and Tewari, 1994).

Table 3. Effect of different casing materials on yield of mushroom

Treatments Average yield of mushroom (g)
I*tharvest 27 harvest

SFYM (1:1) 285.00+£11.669¢ 150.00=10.7002

SSMS (1:1) 255.75+5.6774 103.00+4.546°

CPVC (2:1) 291.00+3.391° 92.75+3.250°

VSCP (2:1:1) 325.25423.1922 162.25+22.4432

LSD 0.239 39.264

F-value * *E

C.V (%) 0.053 20.067

Grand Mean 289.25 127

Signif. Codes: 0 “***> 0.001 “**’ 0.01°** 0.05 . 0.1 ‘NS’ 1
Non-significant (NS), Significant (*), Highly Significant (**), Very Highly
Significant (***) at 95 % level of confidence.

The SFYM treatment followed with a slightly lower yield (285.00 g and 150.00
g), suggesting that farmyard manure mixed with soil offers sufficient nutrients
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and good structure for fruiting but lacks the microbial richness of vermicompost
(Krishnamoorthy, 2003). CPVC produced a strong first flush (291.00 g) but a
sharp decline in the second (92.75 g), possibly due to compaction and limited
microbial support in cocopeat-dominant mixtures (MacCanna, 1983). The SSMS
treatment yielded the least (255.75 g and 103.00 g), likely due to nutrient
depletion and the presence of inhibitory compounds in spent substrate
(Choudhary, 2011). These results highlight that yield performance depends on the
synergistic effects of nutrient content, porosity, and microbial activity, with VSCP
proving most effective (Bhatt et al., 2007).

Effect of different casing materials on morphological traits of Calocybe
indica

Casing composition markedly affected the morphological characteristics of C.
indica (Table 4). The VSCP treatment produced mushrooms with the longest
(8.06 cm) and thickest stipes (4.29 cm), largest pileus (9.98 cm), and greatest
pileus thickness (3.05 cm), indicating robust and compact fruit bodies. This
superior morphology can be linked to improved nutrient supply and microbial
activity from vermicompost and soil, which promote efficient water uptake and
assimilate partitioning, resulting in firm, fleshy structures (Nagaratna and
Mallesha, 2007; Tandon et al., 2006). Cocopeat’s moisture-holding capacity
further maintains optimal turgor pressure, supporting healthy tissue formation and
dense fruiting bodies. In contrast, the SFYM treatment produced moderately thick
and firm mushrooms due to adequate nutrients but less microbial stimulation
(Krishnamoorthy, 2003).

Table 4. Effect of different casing materials on morphological traits

Treatments Avg.  Stipe | Avg. Stipe | Avg.  Pileus | Avg. Pileus
Length Thickness Diameter Thickness

SFYM (1:1) 6.025+0.345" | 3.462+0.100° 9.100+0.453 | 2.637+0.210%

SSMS (1:1) 5.300+0.478° | 2.737+0.143¢ 6.562+0.688° | 1.1254+0.208°

CPVC (2:1) 5.775+0.242° | 3.025+0.066° 12.100+£0.324% | 2.225+0.277%

VSCP (2:1:1) | 8.062+0.408* | 4.287+0.154? 9.975+1.007° | 3.050+0.219°

LSD 1.167 0.374 2.066 0.711

F-value * ok ok *

C.V (%) 12.051 7.190 14.220 18.768

Grand Mean 6.290 3.378 9.434 2.459

Signif. Codes: 0 “***> 0.001 “**’ 0.01°** 0.05 . 0.1 ‘NS’ 1
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Non-significant (NS), Significant (*), Highly Significant (**), Very Highly
Significant (***) at 95 % level of confidence.

The CPVC mixture developed mushrooms with wide caps (12.10 cm) but thinner
stipes and pileus an outcome of excess moisture and limited nutrient content
favoring cap expansion over compactness (MacCanna, 1983). The SSMS
treatment resulted in small, thin fruit bodies, reflecting nutrient exhaustion and
poor aeration (Choudhary, 2011). Overall, these morphological responses confirm
that the VSCP mixture’s aeration, microbial richness, and nutrient availability
create optimal conditions for superior fruit quality and marketable traits (Bhatt et
al., 2007).

Effect of different casing materials on total yield and biological efficiency

The ultimate measures of cultivation success total yield and biological efficiency
(BE) were strongly influenced by the choice of casing material (Table 5). The
VSCP (2:1:1) mixture achieved the highest BE (97.5%) and total yield (1950 g),
confirming its superior performance in converting substrate nutrients into fruiting
biomass. Vermicompost’s sustained nutrient release and microbial enzymatic
activity enhance substrate degradation and nutrient mineralization, leading to high
substrate-to-mushroom conversion efficiency (Tandon et al., 2006). The soil and
cocopeat components stabilize structure and maintain optimal aeration—moisture
balance, supporting prolonged fruiting cycles (Pandey and Tewari, 1994). SFYM
recorded a BE of 87.0%, showing good but slightly lower efficiency due to limited
microbial diversity (Krishnamoorthy, 2003). CPVC achieved 76.75% BE,
indicating good initial performance but rapid decline from nutrient depletion and
compaction (MacCanna, 1983). SSMS showed the lowest BE (71.75%),
confirming its unsuitability as a primary casing due to nutrient exhaustion and
toxic residue effects (Choudhary, 2011).

Table 5. Effect of different casing materials on total yield and biological

efficiency
Treatments Total yield (g) | Biological Efficiency (%)
SFYM (1:1) 1740 87.00
SSMS (1:1) 1435 71.75
CPVC (2:1) 1535 76.75
VSCP (2:1:1) 1950 97.50
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These findings establish VSCP as the most productive and biologically efficient
casing, providing a balanced environment for consistent yield and economic
sustainability in C. indica cultivation (Bhatt et al., 2007).

CONCLUSION

This study conclusively demonstrates that the composition of the casing layer is
a decisive factor in the successful cultivation of milky mushroom (Calocybe
indica). Among the tested formulations, the mixture of Vermicompost + Soil +
Cocopeat (2:1:1) proved to be superior, consistently enhancing every critical
aspect of production. It significantly accelerated the fruiting cycle, maximized the
number and yield of fruiting bodies, and improved key morphological traits,
resulting in the highest biological efficiency (97.5%). The success of this mixture
is attributed to its synergistic combination of biological activation from
vermicompost and optimal physical structure from soil and cocopeat, which
together create an ideal microenvironment for pinhead initiation and fruit body
development. Therefore, the VSCP mixture is highly recommended as an
effective, sustainable, and readily available casing material for commercial and
small-scale  production  of Calocybe  indica under similar  ambient
conditions. Replacing traditional materials like FYM alone with this specific
formulation can lead to more predictable cropping, higher profitability, and better-
quality mushrooms. Future research could focus on fine-tuning the ratios of these
components and evaluating the specific microbial consortia within the
vermicompost that contribute to its efficacy.
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ABSTRACT

Agricultural mechanization is crucial in improving productivity and reducing labor
dependency. However, the adoption of machinery in Nepal's hilly regions remains limited.
The study was conducted to identify the determinants of farm machinery adoption among
maize farmers in Khotang, Nepal. Data were collected from 123 randomly selected farm
households through a pre-tested semi-structured interview schedule. Focus Group
Discussion (FGD) and Key Informant Interview (KII) were conducted with selected
participants. In analyzing data, descriptive statistics and a probit regression model were
employed. Consequently, 56.09% of the farmers had adopted at least one type of farm
machinery. Power tillers, shellers, and maize planters are the commonly adopted
machinery. Regular contact with extension workers and membership in either farmers
groups or cooperatives had a highly significant positive effect on the adoption of farm
machinery. The most common reasons for non-adoption are high rental costs, lack of
technical knowledge and small fragmented landholdings. While, women-specific training
is the most needed support reported by women farmers. Hence, this study revealed that
institutional and social factors are more important than individual characteristics in
adopting mechanization. Strengthening extension services together with farmers groups
and cooperatives is an issue of priority in promoting mechanization for maize-based hill
farming systems in Nepal.

Keywords: Cooperatives, extension, groups, farming system, mechanization
INTRODUCTION

Agricultural mechanization is considered one of the essential elements in agrarian
transformation, especially in the developing world, where it catalyzes productivity
enhancement, labor-use reduction, and food security (Paudel et al., 2023; Rai et al., 2024).
As agricultural mechanization develops, farm machinery is gradually replacing manual
labor and draft animals (Quan & Doluschitz, 2021). In the Global South, agriculture is still
by and large labor-intensive. However, rising labor wages, seasonal labor shortages, and
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out-migration are sending rapid transformations toward mechanized farming systems
(Gauchan & Shrestha, 2017).

Agricultural mechanization is an indicator of agricultural modernization, and farm
machinery is the carrier of agricultural modernization (Li et al., 2018; Liu & Tian, 2009).
The Government of Nepal formulated the Agricultural Mechanization Promotion Policy in
2014 with the objectives of enhancing productivity by appropriate mechanization,
enhancing access to agricultural machinery, promoting women-friendly farm machinery,
and improving institutions dealing with mechanization (Shrestha, 2022). In addition, the
Agriculture Development Strategy (ADS) of Nepal (2015-2035) emphasized the need for
adopting appropriate farm technologies to enhance productivity. The ADS encourages a
core program that offers different mechanization alternatives to farmers. This adoption is
encouraged through activities such as awareness creation, demand stimulation, support for
concessionary financing arrangements, capacity building, and implementation of
appropriate taxation policies (MoAD, 2016). Along with the government priorities, the
existing socio-economic context, such as the scarcity of agricultural labor along with rising
daily wage rates, has enhanced the prospects of farm machinery in Nepal. Moreover, the
remittance inflow has increased opportunities for commercialization and investment in
farm machinery (Shrestha, 2022).

Maize accounts for a 6.63% contribution to Nepal’s total agricultural Gross Domestic
Product (GDP). Among cereal crops, maize ranks second after rice in terms of both area
and production, covering 940,256 ha with a production of 2,976,490 mt and an average
yield of 3.17 mt/ha in 2022/23. During the same year, Nepal showed a high dependence on
imported maize and maize-based products. The country imported 435.22 million kg of
maize (excluding seed) valued at NPR 16.50 billion, mainly to meet the rising demand for
food, feed, and industrial purposes. Furthermore, imports included 3.66 million kg of maize
seed worth NPR 668.65 million, indicating reliance on external sources for quality planting
material. Imports of processed maize products were also significant, comprising maize
starch (9.10 million kg; NPR 524.96 million), maize flour (0.31 million kg; NPR 15.47
million), and corn flakes (0.62 million kg; NPR 169.13 million). This import structure
highlights structural gaps in domestic maize production, seed supply, and agro-processing
capacity, underscoring the need for policies that strengthen local maize value chains,
promote import substitution, and enhance food and feed self-sufficiency in Nepal
(MoALD, 2024).

In the mid-hills of Nepal, the farming system is exposed to higher productivity, financial
and social risks due to increased degradation, outmigration, high cost of production
expansion, and marginal fragile landscapes. To reduce these risks and promote sustainable
management of landscapes and overall farming system, measures to risk reduction and
improved production is desirable (Zepeda et al., 2023). Hilly belt cover 42% of the national
area by ecological belt (MoALD, 2024). Suitability of agricultural mechanization is
difficult in Hilly and mountainous areas, and considered as weak places for the

66



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

development. However, positive impact on resource-use efficiency and food security is
observed with adoption of small agricultural machinery suited for hilly and mountainous
areas (Li et al., 2023). As, mechanization is critical in accelerating rural revitalization and
increasing agricultural competitiveness (Wu et al., 2025).

Khotang district is characterized by a maize-dominant farming system integrated with
livestock, where farm households depend on a mixed livelihood strategy combining
agriculture with remittance and off-farm income sources. Although maize-based farming
remains central to household food security and livestock feeding, a considerable portion of
income and labor comes from non-agricultural activities such as wage labor, migration,
and remittances. This diversified livelihood strategy reflects both limited agricultural
productivity and the need to manage economic risk, influencing farmers’ decisions on labor
allocation, technology adoption, and investment in agriculture (Zepeda et al., 2023).

From a production standpoint, the yield gap in Khotang is particularly notable. In Koshi
province, maize is cultivated on 284,340 ha, yielding 972,073 mt with an average
productivity of 3.42 mt/ha. In contrast, Khotang district alone cultivates 31,845 ha of maize
but produces only 56,684 mt, resulting in a much lower yield of 1.78 mt/ha. Despite being
among the districts with the largest maize cultivation area in the province, Khotang’s
productivity remains far below that of districts across the terai, hill, and mountain regions
(MoALD, 2024). The Government of Nepal initiated Prime Minister Agriculture
Modernization Project (PMAMP) with the aim to increase agriculture productivity by
ensuring better access to modern machinery via subsidy and credit arrangements, coupled
with capability enhancement programs (Rai et al., 2024). However, farm machinery
adoption is still found to be low in hill districts like Khotang. Considering Nepal's rugged
terrain, especially in the hill regions, there is an urgent need to strengthen and expand the
use of locally appropriate technologies that lower time, labor, and production costs while
also promoting women's empowerment and reducing gender inequality (Paudel et al.,
2020). Most of the available literature on agricultural mechanization in Nepal has focused
on other regions of Nepal, while empirical data from Khotang is still missing. This study
aims to fill this gap by identifying the factors affecting the adoption of farm machinery
among maize farmers, reasons for not adopting farm machinery and support desired by
women farmers in the adoption of farm machinery in Khotang, Nepal. Understanding these
factors is crucial for creating targeted policies and intervention strategies that speed up the
mechanization process and improve agricultural productivity.

MATERIALS AND METHODS
Study area

Khotang is one of the hill districts in eastern region and lies in Province No. 1 (Koshi
Province). The farming system in this district is dominated by crops like potatoes, millet,
and maize, especially in the mid-hill areas. Agricultural mechanization has been
progressively gaining traction in recent years; although traditional farming methods
through animal and human power remain predominant.
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Sampling technique and sample size

This study focuses on all maize-growing farm households in the chosen Rupakot
Majuwagdi municipality and Halesi Tuwachung municipality in the Khotang district.
Population was estimated to 1200 farm households. Employing, sample size calculation
method by Daniel (1999), 123 households was taken for the study. This sample covers
multiple ward of both municipality and includes farm households within PMAMP
command area. A random sampling technique was used to select the households for this
study. Later divided into two groups of adopters and non-adopters. The primary data were
collected from the farmers of the study area through face-to-face interview schedules with
semi-structured questionnaire. To add qualitative insights to the survey, four FGDs were
conducted. Two groups were for women farmers and two for men in a group of 6-8
members, held separately. Similarly, eight Key Informant Interviews (KIIs) were
conducted with people who had institutional or practical knowledge about agricultural
mechanization. Informants included: PMAMP officials, Custom Hiring Center (CHC)
managers, progressive farmers and executives of farmers group and cooperatives. The
secondary data were extracted from publication of statistical information from Ministry of
Agriculture and Livestock Development (MoALD), Agriculture Knowledge Center
(AKC), and PMAMP and research papers published by different authors.

Empirical method

Probit model (using STATA 17) was employed to identify the determinants of farm
machinery adoption among maize farmers in Khotang, Nepal.

Model specification:

Pr(Y=1) = f(bot+bixi+b2x2+b3sx3+baxatbsxs+bexet+brx7+bsxs+boxo)

Where,

Pr(Y=1)= Probability of adoption of farm machinery

X1= Gender (dummy); X>= Age (continuous); X3= Education (continuous); X4= Income
(continuous); Xs= Contact (dummy); Xe¢= Membership (dummy); X7= Credit (dummy);
Xs= Labor (dummy); Xo= Experience (continuous)

bo= Regression coefficient

bi,ba.c.oeuni.l bo=Probit coefficient

RESULTS AND DISCUSSION

Descriptive Statistics

Table 1 presents the descriptive statistics of the variables used in the study. The average
age of respondent was 44.44 years. On average, farmers had 7.84 years of formal education.
The mean annual household income was NPR 491203.3. More than half of the respondents
(55.28%) were male and 58.53% of the respondents had regular contact with extension
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workers. Similarly, 74.79% of the respondents were members of farmers’ groups or
cooperatives. Only 18.69% of farmers reported having access to credit, whereas a large
majority (88.61%) had access to agricultural labor. The average farming experience in
maize cultivation was around 34.13 years, indicating that most respondents were
experienced growers. Regarding the dependent variable, about 56.09% of respondents had
adopted at least one type of farm machinery.

Adoption status of farm machinery

Table 2 shows the adoption rate of different types of farm machinery among farmers.
Among the various machines, the power tiller was the most commonly adopted (55.28%).
This was followed by shellers (46.34%) and maize planters (39.83%), which were also
relatively common. In contrast, only 17.07% of farmers adopted threshers, and very few
(1.62%) had adopted harvesters.

Table 1. Descriptive statistics of variables for adoption of farm machinery in the

study

Variable | Description | Mean I SD

Independent variable

Gender Gender of the respondent (1 if | 0.5528 0.4992
male, 0 if female)

Age Age of the respondent (year) 44.4471 13.1848

Education Formal  education of  the | 7.8455 4.5539
respondent (year)

Income Annual income of the household | 491203.3 702320.1
(NPR)

Contact =1 if respondent has regular | 0.5853 0.4946
contact with extension workers, 0
otherwise

Membership =1 if respondent is member in | 0.7479 0.4359
farmer’s groups or cooperatives, 0
otherwise

Credit =1 if access to credit, 0 otherwise 0.1869 0.3914

Labor =1 if access to labor, 0 otherwise 0.8861 0.3188

Experience Respondents experience in maize | 34.1300 12.5860
farming (year)

Dependent variable

Farm machinery =1 if respondent adopt at least one | 0.5609 0.4982
farm machinery, 0 otherwise

Overall, adoption status of farm machinery revealed that the adoption of farm machinery
is mostly limited to land preparation, planting, and shelling, while mechanization in farm
operations such as harvesting and threshing remains very low.

Determinants of farm machinery adoption

Probit model estimation on factors affecting the adoption of farm machinery among the
maize farmers is presented in Table 3. The model was significant at 1% level of
significance, indicating that it had strong explanatory power. Results reveled that the
institutional factors such as regular contact with extension workers and membership in an

69



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

agricultural cooperative or farmer group positively and significantly affected the
probability of adoption of farm machinery.

Table 2. Adoption status of farm machinery used in the study

Machinery Description Mean SD

Maize Planter =1 if adoption, 0 | 0.3983 0.4915
otherwise

Sheller =1 if adoption, 0 | 0.4634 0.5006
otherwise

Thresher =1 if adoption, 0 | 0.1707 0.3778
otherwise

Power Tiller =1 if adoption, 0 | 0.5528 0.4992
otherwise

Harvester =1 if adoption, 0 | 0.0162 0.1269
otherwise

Probability of adoption of farm machinery increases by 47.93% among farmers with
regular extension contact. This is possibly because access to extension service reduces the
knowledge gap and perceived risk of new practices among farming communities. This
emphasizes how important extension agents are in acting as conduits of information,
training, and awareness about new technologies. Result is in line with previous studies
(Khanal et al., 2025; Mdoda et al., 2025; Mhango & Chibomba, 2025; Onuwa et al., 2023;
Obayelu & Ajayi, 2018). Similarly, probability of adoption of farm machinery increases
by 41.98% among farmers with membership in agricultural cooperatives or farmers group.

Table 3. Determinants of farm machinery adoption in the study

Variables Coef. Std. Err. p- dy /dx Std.Err.

value (dy/dx)
Gender 0.2445 0.3099 0.430 | 0.0966 0.1220
Age 0.0359 0.0296 0.225 | 0.0142 0.0117
Education -0.0096 0.0424 0.820 | -0.0038 0.0168
Log(income) 0.3147 0.3256 0.334 | 0.1245 0.1287
Contact 1.2848*** 0.3255 0.000 | 0.4793 0.1058
Membership 1.1181%** 0.4231 0.008 | 0.4198 0.1361
Credit -0.4083 0.3603 0.257 | -0.1617 0.1408
Labor -0.0145 0.4660 0.474 | -0.1281 0.1721
Experience -0.0145 0.0291 0.616 | -0.0057 0.0115
_cons -3.9470%* 1.9815 0.046

Summary statistics: Number of observations= 123; LR chi2(9)=58.34; Prob>chi2=0.0000;
Pseudo R2=0.3459; Log likelihood=-55.170.
Note: **, *** indicate significant at 5%, 1% level of significance, respectively.

This is possibly because cooperatives often play a role in disseminating information, joint

purchasing or hiring of machines, and even accessing subsidies and credit. They build
social capital and trust, which are indeed crucial for collective action in technology
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diffusion. This finding informs the approach of various government programs, such as
PMAMP, which normally work through farmer groups and cooperatives for technology
dissemination. Result is consistent with the previous studies (Blekking et al., 2021; Donkor
et al., 2023; Geffersa, 2023; Manda et al., 2020; Olagunju et al., 2021; Pandey & Mishra,
2025). Meanwhile, gender, age, education, income, and credit access did not have a
statistically significant effect on adoption in this model. Though counterintuitive, this may
indicate that in the Khotang context, institutional factors like extension and social networks
are stronger drivers of adoption than individual characteristics of the households. For
example, the insignificance of credit access may suggest that PMAMP's subsidy programs
are particularly effective in lowering financial barriers to entry, such that personal access
to credit is less of a determining factor.

Reasons for not adopting farm machinery

Table 4 presents the reasons stated by farmers for non-adoption of farm machinery. The
major barriers are high rental costs, lack of technical knowledge about farm machinery
usage and benefits, and cultivation on small fragmented lands. These results are consistent
with previous studies (Kandel et al., 2021; Khatiwada et al., 2021; Kalwar et al., 2026;
CSISA, 2021), which reported challenges of difficult terrain, small terraces, and limited
access compound the economic and knowledge barriers across Nepal's hilly regions in
adoption of farm mechanization.

Table 4. Reasons for not adopting farm machinery (n=54)

Barrier Frequency
High rental costs 45
Lack of technical knowledge 40
Small landholding 38
Machinery not suitable for small farms 26
Non-availability during growing season 16
Lack of repair workshop 14

Overall, the results advocate that to minimize high rental costs, subsidies for initial
procurement from custom hiring and agricultural cooperatives and farmers group can be
made accessible. Effective extension services and training should be made accessible to
reduce the knowledge barriers. Similarly, issue of small landholdings can be minimized by
promoting scale-appropriate machinery and institutional innovations like group-based
farming.

Desired support by women farmers to adopt farm machinery
Table 5 presents the support desired by women farmers to facilitate their participation in
agricultural mechanization. The results revealed that training specified to women is the

most desired support, reported by all 55 women farmers. Then, followed by subsidized
rental service (54) and promotion of small-scale machinery (40).
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Table 5. Desired support by women farmers (n=55)

Desired support Frequency
Women-targeted training 55
Subsidized rentals 54
Promote small-scale machinery 40

The results emphasized the need for capacity building, skill development, and confidence
building for effective adoption of farm machinery. Further, subsidized rental would allow
women to overcome their financial limitations and increase access to ownership/rental
capacity. In addition, results emphasizes that women farmers prefer farm machinery that is
light, cheap, and suitable for small farms and small landholdings. Overall, findings suggest
that increasing women’s access to agricultural mechanization training, facilitating
affordable mechanization services, and promoting gender-friendly technologies is essential
for inclusive and sustainable agricultural mechanization in the present context (CSISA,
2021).

CONCLUSION

The results revealed that that adoption of farm machinery is limited to power tillers,
shellers, and maize planters, while the adoption of harvesters and threshers is low. Probit
model estimates that institutional factors affect the adoption of farm machinery. In the
study area, two institutional factors such as regular contact with extension workers and
membership in farmers’ groups and cooperatives affected the adoption of farm machinery,
positively. While, other socio-economic variables such as age, education, income, and
access to credit were found to be insignificant. The result highlights that institutional
linkages and collective action are significant factors affecting the adoption of farm
machinery in the current context. Therefore, efforts should be on strengthening extension
services and promoting farmers group/cooperative-based machinery ownership. Similarly,
the results revealed that high rental cost is the major barrier to adoption of farm machinery.
This is followed by limited technical knowledge among farmers and cultivation on small
and fragmented lands. The results also report that women-focused training programs are
the most desired need of women farmers, highlighting gender-responsive capacity-building
initiatives in advancing mechanization. This is followed by desire for subsidized rental
services, which could reduce economic barriers and allow equitable access to farm
machinery. Addressing these economic, technical, and structural constraints through
inclusive and targeted policy measures is essential for improving mechanization uptake
and overall agricultural productivity.
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ABSTRACT

This study assessed the production status, marketing system, and economic viability of
dragon fruit cultivation in Dang district from November 2024 to January 2025, based on a
survey of 44 purposively selected farmers in Lamahi and Tulsipur. The total production
cost per hectare was NRs 3,593,364.90. Despite high initial investment, dragon fruit
farming proved economically viable, with a benefit-cost ratio of 2.59, net present value of
NRs 760,551.54, and an annual net profit of approximately NRs 1,200,000 per hectare. The
payback period was 1.09 years, and the break-even point was 91.81 kg per Katha (3.1
hectares). Direct marketing channels yielded the highest producer share (87.5%), while
intermediary-based sales reduced it to 41.2%. Regression analysis identified land
preparation, irrigation, and labor as major determinants of costs, whereas subsidies
significantly reduced production costs. However, profitability was constrained by weak
supply chains, unorganized markets, and post-harvest losses.

Keywords: Benefit-cost, dragon fruit, marketing, productivity, supply chain

INTRODUCTION

Dragon fruit (Hylocereus undatus (Haw.) Britton and Rose), an emerging high-value fruit
crop in Nepal, is a member of the family Cactaceae, and is a semi-epiphytic climber well
adapted to tropical and subtropical climates. Originally native to Central America (Le
Bellec et al., 2006), the dragon fruit is now widely cultivated in the warmer regions of
Nepal, with commercial plantations expanding from Kavre to the country's eastern and
western parts (Atreya et al., 2020). Fruit weighs on average in the range of 300-800 grams,
containing small black seeds in pulp, and because it flowers at night, the plant is also called
the queen of the night. The taste ranges from sweet to sour, and the fruit is consumed both
raw and processed, such as in jam, jelly, and wine. This contains a rich volume of Vitamin
C and antioxidants that help prevent various diseases such as cancer, diabetes, and high
blood pressure, and also improve the digestive system (Chen et al., 2024). Over the past
few decades, serious climatic changes have been noted in Nepal; presently, along with the
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increase in temperature, the rainfall pattern is erratic, and prolonged dry seasons have dire
consequences for agricultural productivity (NPC, 2022). Dang District is particularly hit
hard by these changes; it has observed frequent drought events and water scarcity that affect
the farming communities of the area (IKI, 2022). Given its low water requirements and
adaptability to adverse conditions, dragon fruit presents a viable alternative for marginal
farmers in Nepal, offering a sustainable means to maintain livelihoods amidst changing
climatic conditions (Wakchaure et al., 2023). According to Atreya et al. (2020), the
growing interest in dragon fruit cultivation in Nepal has resulted from its tolerance of water
and nutrient scarcity, ease of orchard management, and the potential for higher annual
yields. However, despite the potential, several factors work against the large-scale
commercialization of dragon fruit in Nepal: the fruit crop is relatively new, commodity-
based technology and high-yielding varieties are not available, and quality grafted saplings
are not available. Expansion is dominated by an unknown seedling variety, which may lead
to inconsistent yield and fruit quality (Atreya et al., 2020). Somewhat, relatively high initial
investment costs (Mehta et al., 2024) create a financial barrier, especially for small farmers,
and thus, institutional and financial support is needed. Uncertainty in market prices and
stiff international competition further complicate commercialization efforts. Besides, the
lack of appropriate management technologies, post-harvest handling techniques, and
processing industries has limited the potential for value addition and storage (Atreya,
2020). Given its agro-climatic suitability for many fruits of high value and increasing
demand, dragon fruit cultivation can give a substantial improvement in rural livelihoods,
contribute toward economic growth, and assure agricultural diversification in Nepal.

MATERIALS AND METHODS

The study was conducted in Dang District of Lumbini Province, Nepal. A total of 44 dragon
fruit farmers were purposively selected, including 34 households from Tulsipur
Municipality and 10 from Lamahi Municipality, all engaged in commercial or semi-
commercial cultivation. The study applied multiple analytical approaches to evaluate
economic viability, financial feasibility, and market performance. Cost and return analysis
were used to calculate total cost, gross return, net profit, and return on investment to assess
profitability.

Financial feasibility analysis included indicators such as Net Present Value (NPV),
Payback Period, Break-even Quantity, and Benefit-Cost Ratio (BCR) to determine long-
term viability and investment recovery. Marketing analysis examined price spread and
producers’ share to understand market efficiency and farmers’ earnings. Regression
analysis was conducted to identify key factors influencing production costs, while problem
ranking using an index method helped prioritize the major constraints faced by farmers.
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Table 1. Analysis type, indicators, formulae / methods used in the study

Analysis Type Indicators Formula / Method
Cost & Return Analysis Total Cost (TC) TC=TFC+TVC
Gross Return (TR) TR = Price x Quantity sold
Net Profit Net Profit=TR — TC
Return on Investment (ROI) | ROI (%) = (Net Profit / Initial Investment) x
100
Financial Feasibility Analysis | Net Present Value (NPV) NPV =3} (Net Cash Flow x Discount Factor)
Payback Period Based on cumulative cash flow recovery
Break-even Quantity Fixed Cost/ (Selling Price — Variable Cost/ kg)
Benefit-Cost Ratio (BCR) BCR = Gross Return / Total Cost
Marketing Analysis Price Spread Consumer Price — Farm-gate Price
Producer’s Share (Farm-gate Price / Retail Price) x 100
Regression Analysis Cost Determinants Y =00+ BiXi+ Xt ... +BXute
Problem Ranking Problem Index I=3 (SF)/N

Cumulative Investment = Initial investment + > Annual costs

Conversion applicable: Note: 1 ha =28.59 Katha, 20 katha = 1 Bigha)

RESULTS AND DISCUSSION

Economics of dragon fruit
Cost of production

The initial investment for dragon fruit is quite high when compared to other conventional
crops due to the requirement of special equipment, such as pillars and tires, which support
the growing dragon fruit. Likewise, the working capital is necessary for irrigation,
fertilization, plant protection, labor, marketing, and transport, as shown in the table 2. The
total cost of production was calculated by combining both fixed and variable costs. The
total cost (A), which includes all production-related expenses, was estimated at Rs.
116,662.87 per Katha per year. In addition, the cost of agricultural machinery (B) was
considered separately, amounting to Rs. 4,722.45 in the first year. Since machinery costs
are distributed over five years, the annualized cost was calculated as Rs. 944.49. Therefore,
the overall total cost of production was obtained by adding (A) and the annual machinery
cost (B), resulting in Rs. 117,607.36 per Katha per year. This indicates that the average
annual cost of dragon fruit production per Katha is Rs. 117,607.36.

Price trend of dragon fruit

The trend of price for dragon fruit can be observed declining according to the information
provided by the farmers, which is supported by various reports. From a peak of NRs 900-
1000 per kilogram (Rijal, 2019), it declined to NRs 500-900 in different markets of Nepal
in the year 2020 (Dhakal et al., 2021). As of 2023, the price ranged from NRs 500-800 in
Nawalparasi (The Rising Nepal, 2023), which then plummeted to NRs 300-350 in just a
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year (Koirala, 2024). Similarly, as of recently, the price of dragon fruit has been reported
to be an average of 350 NRs per kilogram by the respondents. This price decline can be
attributed to increased supply, poor storage facilities, and market saturation. The farmers
have indicated that initially, dragon fruit was a high-value exotic crop, and therefore, there
was high demand and premium prices. However, as production increased and imports from
neighboring countries increased at half the price tag, the price stabilized and later declined.

Table 2. Initial Investment for dragon fruit orchard in the study area Dang

Cost components Fixed Capital | Working Capital
(NRs/Katha) (NRs/Katha)

Land preparation 5,000 -

Trellis and support system (Pillars, wires, Tires, | 40,000 -

etc.)

Cuttings/Saplings 16,700 -

Irrigation system (Drip irrigation) 8,300 1000

Fencing 6700 -

Storage 3300 -

Fertilizers and Manure - 3300

Plant protection - 1700

Labor cost - 5000

Marketing and Transport - 2500

Miscellaneous Expense 3300 1700

Total Estimated Cost 83,300 15200

Average dragon fruit production in the study area, Dang 024/25

Table 3 shows that dragon fruit is cultivated on an average of 1 Katha with 40—50 plants,
producing about 400-500 kg per Katha. Overall, 44 Katha with 1,800-2,200 plants yielded
17,000-20,000 kg, indicating good production potential and income generation capacity.

Cash flow and benefit-cost ratio of dragon fruit production

Based on the cost calculation from the initial year, the project seems to be a loss, but it is
well known that dragon fruit starts to fruit after year one, and upon proper management,
the yield increases (CABI, 2020). The dragon fruit business is undertaken by technically
sound farmers, and the production of up to 1500 kg/Katha can be achieved (Goenaga et
al., 2020). The selling prices can be raised to Rs. 400/kg in favorable conditions.

The analysis assumes that variable costs increase by 5% annually due to rising input prices,
while the initial investment is reduced by 10% through efficient resource management and
a one-time subsidy of Rs. 50,000. The total fixed cost is estimated at Rs. 162,744.37, and
a salvage value of 20% of this amount (Rs. 32,548.87) is considered at the end of the
project. Different production levels (500, 800, 1200, and 1500 kg per Katha) are evaluated
using the Discounted Cash Flow (DCF) method, which accounts for costs and returns over
multiple years.
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Table 3. Total Annual Cost of Production in the study area Dang

S.N. [Description Quantity Per unit IAverage cost
cost (Rs) (Rs/Katha)
[Fixed cost
1 Land tax [Lump sump - 484.62
2 [Depreciation (Annual) [Lump sump 8,106
3 Interest on Fixed capital 10% 8330
Total 16,920.62
[Variable Cost
1 Land preparation and|6 610.27 per day [3679.49
transplanting
2 Cuttings 40-50 cuttings  [180 per cutting [47546.47
3 [Manure (Self-made) [Lump sump 5171.31
[IManure (Purchased) 152 Kg 21 per Kg 2692.31
3 [Urea 5-6 Kg/ plant 19.03 443.61
4 IDAP 5-6 Kg/ plant  |48.67 1246.15
S [Potash 3-4 Kg/ plant  |34.92 1231.15
6 [rrigation [Lump sump 4137.90
7 [Hoeing [Lump sump 3200.00
8 [Plant protection [Lump sump 5287.38
9 [Harvesting [Lump sump 5200.00
10 Transportation [Lump sump 4500.00
11 JAgricultural Tools [Lump sump 6700.00
12 [Labor cost [Lump sump 7500.00
[nterest on working capital 10 % 0815.53
Total Variable Cost 107848.25
1000
800
600
400
200
0
2018 2020 2023 2024 2025

Figure 1. Price of Dragon fruit per kilogram throughout the years in the study sites

Cash flow and return on investment

(Source: Field Study )

It can be observed in Table 4 that the ROI in the first year is negative (-8.38%), which
implies that the cumulative investment exceeds the net profit. However, by the second year,
it reaches 53.84%, showing an increase in recovery of more than half the investment.
Continuing the upward trend, by the third year, ROI crossed 100%, i.e., (117.44%),
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indicating that the dragon fruit cultivation has fully repaid the investment and is generating
profit. A substantial return can be observed by the fourth year with 182.64% ROI.

Table 4. Average Dragon Fruit Production

Total Total No. | Total Avg. Avg. No. of | Avg. Yield
production of plants | Production/Yield production plants per Katha
area (Katha) | cultivated now (kg) area (Katha) | cultivated per | (kg)

Katha
44 1800-2200 17000-20000 1 40-50 400-500

Average Return on Investment (ROI)

The average return on investment (ROI) was calculated by dividing the average net profit
by the initial investment and multiplying by 100. Using the values from the study, the
average net profit of Rs. 128,192.51 was divided by the initial investment of Rs. 98,500,
resulting in an ROI of 130.1%. This indicates that dragon fruit cultivation generates returns
equivalent to approximately 1.3 times the initial investment annually, reflecting strong

profitability.
Table 5. Cash Flow and Return on Investment
Year | Description | Cash Yield Gross Cash Net Profit | Cumulative | ROI
Outflow (kg/Katha) | Income | Inflow (Rs) Investment | (%)
(Rs) ®s) | (Rs) ®Rs)
0 Initial 98,500 - - - -98,500 98,500 -
Investment
1 Production 119,778.83 | 500 200,000 | 200,000 80,221.17 218,278.83 -8.38
Year 1
2 Production 119,778.83 | 800 320,000 | 320,000 200,221.17 | 338,057.66 53.84
Year 2
3 Production 119,778.83 | 1,200 480,000 | 480,000 360,221.17 | 457,836.49 118.44
Year 3
4 Production 119,778.83 | 1,500 600,000 | 632,548.87 | 512,770.04 | 577,615.32 182.64
Year 4 +
Salvage
Value

Average Return on Investment (ROI)

The average return on investment (ROI) was calculated by dividing the average net profit
by the initial investment and multiplying by 100. Using the values from the study, the
average net profit of Rs. 128,192.51 was divided by the initial investment of Rs. 98,500,
resulting in an ROI of 130.1%. This indicates that dragon fruit cultivation generates returns
equivalent to approximately 1.3 times the initial investment annually, reflecting strong
profitability.

Discounted cash flow analysis table

The discounted cash flow analysis shows that dragon fruit cultivation is financially viable,
with a Net Present Value (NPV) of Rs. 760,551.54. The total discounted benefits (Rs.
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1,238,630.85) significantly exceed the total discounted costs (Rs. 468,175.35), resulting in
a Benefit-Cost Ratio (BCR) of 2.59. This indicates strong profitability over time, driven by
increasing yields, improved market prices, reduced initial investment through subsidies,
and efficient resource management.

Table 6. Combined discounted cash flow analysis table

Year | Net Cash | Discount Discounted Net | Discounted | Discounted

Flow (Rs) Factor Benefit (Rs) Cost (Rs) Benefit (Rs)
(10%)

0 -98,500 1.000 -98,500 98,500.00 -

1 80,221.17 0.909 72,920.84 106,004.57 181,800

2 200,221.17 0.826 165,382.68 96,365.55 264,320

3 360,221.17 0.751 270,526.08 87,599.98 360,480

4 512,770.04 0.683 350,221.94 79,705.25 432,030.85

Total | — - 760,551.54 (NPV) 468,175.35 | 1,238,630.85

Payback Period and Break-Even Point (BEP)

Payback period represents the total minimum time taken to generate enough cash flow to
recover the initial investment costs. From Table 7, it is conspicuous that by the end of year
1, the initial investment is still not recovered with a cumulative net cash flow of Rs -
18,278.83; meanwhile, by the end of year 2, the cumulative net cash flow is Rs 181,942.34,
suggesting the initial investment is fully recovered. In this study, the payback period falls
between Year 1 and Year 2. It was calculated using the remaining investment at the end of
Year 1 (Rs. 18,278.83) divided by the net cash flow in Year 2 (Rs. 200,221.17), resulting
in 0.091 years. Adding this to the first year gives a total payback period of 1.091 years,
which is approximately 1 year and 1.1 months. This indicates that the initial investment is
recovered quickly, demonstrating strong financial viability.

Table 7. Cumulative Net Cash Flow

Year Net Cash Flow (Rs) Cumulative Net Cash Flow (Rs)
0 -98500 -98500

1 80,221.17 -18,278.83

2 200,221.17 181,942.34

3 360,221.17 542,163.51

4 512,770.04 1,054,933.55

Break-Even Point (BEP)

The break-even point (BEP) represents the level at which total revenue equals total cost,
resulting in no profit or loss. It can be expressed in terms of time or production quantity.
In terms of time, the BEP is equivalent to the payback period, calculated as 1.091 years. In
terms of quantity, the BEP was determined using fixed costs and the difference between
the selling price and variable cost per kilogram. Using a fixed cost of Rs. 16,920.62, a
selling price of Rs. 400 per kg, and a variable cost of Rs. 215.7 per kg, the break-even
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quantity was calculated as 91.81 kg. This indicates that a farmer needs to produce and sell
at least 91.81 kg of dragon fruit to cover all production costs.

Regression analysis of cost of production
A multiple linear regression analysis was conducted to identify factors that influence the
cost of dragon fruit production. The variables, including land preparation, cuttings,

irrigation, and labor, are the most significant factors influencing the cost of production.

Table 8. Regression results for cost of production

Variable Coefficient Std. Error t-value p-value
Intercept 5200 190 27.37 0.000%**
Land Preparation 0.5 0.1 5 0.000%**
Cuttings 0.3 0.05 6 0.000%**
Manure 0.2 0.04 5 0.000%**
Fertilizer 0.1 0.03 3.33 0.001%**
Irrigation 0.4 0.06 6.67 0.000%**
Plant Protection 0.3 0.05 6 0.000%**
Harvesting 0.2 0.04 5 0.000%**
Transportation 0.1 0.03 3.33 0.001**
Labor 0.5 0.1 5 0.000%**
Farming Area 0.2 0.04 5 0.000***
Yield -0.1 0.02 -5 0.000%**
Subsidy -0.4 0.07 -5.71 0.000%*

(*p < 0.10, *%p < 0.05, ***p < 0.01)

These findings indicate the significant impact that the high initial establishment costs have
on the overall cost of production of dragon fruit. Likewise, the subsidy shows a significant
negative relationship with the cost of production (p<0.001), i.e., a 1 Rs increase in subsidy
leads to a 0.4 Rs reduction in the total cost, assuming that other factors remain constant.
These highlight the importance of the role of the Agriculture Knowledge Center’s subsidy
programs that provide financial assistance of up to Rs 2 lakh based on expenditure cost. In
addition, the negative coefficient for yield indicates that higher yields reduce the per-unit
production cost. Similar findings were reported by Mehta et al. (2024) in their study
conducted in the southern Terai region of Nepal.

Marketing channel, price spread, and producer’s share

Six primary marketing channels were identified in the study area of Tulsipur and Lamahi,
Dang. Most of the farmers leveraged the nearby highway area to sell their produce;
similarly, consumers also preferred to buy directly from the farm gate. Their dragon fruits
were mostly sold at the nearby city, Ghorahi, and within the markets of the study site. The
fruits are transported to major cities including Kathmandu, Narayanghat, Pokhara, Butwal,
and Nepalgunj. The last channel identified was with the involvement of the Middleman.
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Table 9. Marketing channels in the study area

Channels Actors Involved

Channel I Farmer-Consumer (Highway area) (F-C)

Channel II Farm gate sale (F-C)

Channel 111 Farmer-Retailer-Nearby Market (F-R-C)

Channel IV Farmer-Wholesaler-Nearby City-Retailers (F-W-R-C)
Channel V Farmer-Wholesaler-Big cities (F-W-R-C)

Channel VI Farmer-Middlemen-Wholesalers (F-M-W-C)

Furthermore, price distribution and market margins were analyzed to understand the
economic dynamics across various market channels, which is described in the table 9. The
analysis of marketing channels shows that as the number of intermediaries increases, the
price spread and market margin also rise, while the producer’s share declines. The highest
price spread (Rs. 500) and market margin were observed in longer channels like F-M-W-
C, indicating higher consumer prices but lower returns to farmers, who still receive a base
price of Rs. 350. In contrast, the direct marketing channel (F-C) had the lowest price spread
(Rs. 50) and market margin, allowing producers to receive the highest share (87.5%) while
consumers pay lower prices. Channels with more intermediaries, such as F-W-R-C and P-
M-W-C, showed reduced producer shares of 53.80% and 41.20%, respectively.

Constraints related to production and marketing

Farmers identified the lack of region-specific cultivation practices as the primary
production challenge, followed by high initial investment and limited access to high-
quality planting materials; irrigation was the least concern due to low water requirements.
In marketing, major issues included price fluctuations, declining consumer preference due
to mild taste, post-harvest losses, and inadequate storage, transport, and processing
facilities. Additionally, competition from imported dragon fruit, especially from Vietnam
and Thailand, further reduces the market share of local producers.

Table 10. Pricing structure across market channels

Channel Producer Price | Consumer Price | Total Market | Producer Share
(Rs) (Rs) Margin (Rs) (%)

F-C 350 400 50 87.5

F-C 350 450 100 77.8

F-R-C 350 550 200 63.6

F-W-R-C | 350 650 300 53.8

F-W-R-C | 350 750 400 46.7

F-M-W-C | 350 850 500 41.2
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Table 11. Major constraints in Dragon fruit production

S.N. Production-related Problem Rank

1 High initial investment costs II

2 Inadequate irrigation facilities \%

3 Lack of access to quality planting materials 111

4 Pest and Disease outbreaks v

5 Lack of region-specific protocols of cultivation 1

S.N. Marketing-related Problem Rank

1 High price fluctuation I

2 Poor storage and transportation facilities 111

3 Post-harvest losses v

4 Competition from imported dragon fruit 1T

5 Intermediaries \4
CONCLUSION

Dragon fruit cultivation in Dang demonstrates strong economic potential due to its climate
resilience and growing market demand. The study confirms its long-term profitability, with
a benefit—cost ratio of 2.59, NPV of NRs 760,551.54, a short payback period (1.09 years),
and an average ROI of 130.1%. However, profitability is influenced by high initial
investment, labor dependence, and key cost factors such as land preparation, irrigation, and
labor. Marketing inefficiencies and longer supply chains reduce producer share, while
direct selling enhances farmer returns. Addressing constraints related to input availability,
post-harvest management, and market infrastructure through targeted policy support and
investment is essential to fully realize the potential of dragon fruit cultivation and promote
sustainable agricultural diversification.
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ABSTRACT

The research compared technical efficiency among smallholder rice farmers using local and improved
seeds in North Central, Nigeria. A multi-stage random sampling to choose a total sample size of two
hundred and thirty-four (234) rice farmers which comprises 88 and 146 smallholder farmers who
cultivated local and improved rice seeds, respectively. Primary data were used for the study. The data
were collected with the aid of well-structured questionnaire which was subjected to validity and
reliability tests. Data were analyzed using descriptive statistics, stochastic production frontier model,
and t-test statistics. The results show that the mean age of smallholder farmers utilizing local and
improved rice seeds were 43 and 42 years, respectively. The average farm sizes were estimated at 2.00
and 1.99 hectares, respectively. The analysis indicates that farm size, fertilizer, and agrochemicals are
significant predictors with a positive impact on rice yields for both local and improved seed users.
Furthermore, the inefficiency model reveals that increased farming experience significantly enhances
technical efficiency across both groups of smallholder farmers. The mean technical efficiency scores
of smallholder farmers who cultivated local and improved rice seeds were 50.2% and 77.2%,
respectively. This leaves an inefficiency gap of 49.8% and 22.8%, for improvement, respectively. The
study recommends that credit facilities should be made available to rice farmers at low-interest rate
devoid of bureaucratic processes. Improved rice seed and other farm inputs such as fertilizer should
be made available to smallholder farmers at affordable prices to increase productivity and efficiency.

Keywords:, Agrochemicals, farm, fertilizer, labour stochastic frontier model

INTRODUCTION

Rice (Oryza sativa) is one of the most significant staple foods in Nigeria, it makes
up roughly 10.5% of the average calorie intake of Nigerians and accounts for 6%
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of household expenses (Toluwase et al., 2019). Because of the shift in consumer
preference towards rice, rising population, rising income levels, and rising
urbanisation, rice consumption is rising quickly in Nigeria (Kamai et al., 2020).
Rice (Oryza sativa) farming in Nigeria is primarily carried out by smallholder
farmers, who cultivate both improved and local rice seed varieties across diverse
agro-ecological zones. According to the Food and Agriculture Organization
(2019), Nigeria produced approximately 8.9 million metric tons of milled rice,
positioning it as one of Africa's largest rice producers. If the right steps are taken,
Nigeria may generate 14 million tonnes per year, up from the 8.9 million tonnes.
Nigeria is currently the second-largest rice importer after China, with an average
of 2.4 million tonnes per year, since rice consumption has overtaken domestic
production (Durand-Morat et al., 2019; FAO, 2019). According to Durand-Morat
et al. (2019), FAO (2019), and USDA-ERS (2019), rice consumption is expected
to expand during the following ten years because of urbanisation and population
growth. The demand-supply gap is still evident in the economy despite concerted
efforts over the years to increase rice production, including the Agricultural
Transformation Agenda, agricultural promotion policies, and the closing of
borders against rice importation. Despite the efforts, fewer than 10% of the
possible 3.4 million hectares are currently being farmed (Oyinbo et al., 2013;
Macauley, 2015). According to Kanu et al. (2014), estimates over 96% of African
farmers are smallholders and according to Cadoni and Angelucci (2013), 90
percent of domestic rice production is produced by resource-poor, smallholders’
farmers. According to Babura et al. (2017), smallholder farmers play a critical role
in Nigeria's rice production, contributing substantially to national food security
and rural livelihoods. Improved rice varieties, developed through breeding
programs, are designed to possess desirable traits such as high yield potential,
drought resistance, quick growth, disease resistance, and improved grain quality
(Khan et al., 2015). These varieties are the result of concerted efforts by research
institutions and breeding programs to enhance rice productivity and resilience to
biotic and abiotic stresses. Conversely, local rice varieties in Nigeria are often
traditional landraces cultivated by farmers for generations, adapted to local
environmental conditions and cultural preferences (Bello et al., 2020). While local
varieties may exhibit resilience to certain environmental stressors and cultural
significance, they often have lower yields and increased susceptibility to pests and
diseases compared to improved varieties (Ojo et al, 2018). Despite the potential
advantages of improved varieties, smallholder farmers continue to cultivate local
varieties, influenced by factors such as cost, seed availability, lack of extension
services and ignorance of perceived performance (Oluwatoyin, 2021).
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Technical efficiency means employing the fewest inputs possible to produce the
highest level of output possible given the inputs. According to Farrell (1957), a
firm's capacity to produce on the isoquant frontier is correlated with technical
efficiency (TE). The farm's production function may prevent a firm of its size
from reaching the frontier. However, given their levels of inputs, some firms may
produce outputs that are closer to the frontier. The measure of technical efficiency
for each firm is the idea of how close the individual production plans are to the
maximum levels, as defined by the frontier and given input levels (Ouedraogo,
2015). Takele et al. (2020) measured the technical, allocative, and economic
efficiency of rain-fed rice production and identify the factors that affect the
efficiency of farmers in Fogera Districts of the Amhara Region. For the study,
cross-sectional data were collected from a survey of 230 smallholder rice
producers. The study used stochastic frontier production (SFA) and cost function
to investigate the variations in the efficiency level of rice producers. The result
indicated that the technical efficiency (TE) was higher as compared with the
economic efficiency (EE) and allocative efficiency (AE). The average TE ranges
between 24% and 93% with a mean of 70%. However, the mean of EE was 24.40
% and the AE 37.30%. Therefore, reduction of cost of production (such as
improved input supply systems), warehouse facilities to keep produce and prevent
the immediate sale of a product, introducing of a contract marketing system would
improve the economic efficiency of the rice farming. Interventions on education
and training on female-headed households, reducing family dependency, training
of older farmers were vital to increase the EE of rice production. Similarly,
improving the farmer’s education level to boost knowledge about new rice
technology applications, and frequent training of farmers would enhance the TE
of farmers in the study area. Chikezie et al. (2020) analysed the technical
efficiency of rice farmers in Ebonyi State, Nigeria. It specifically analysed the
levels and determinants of technical efficiency. A multistage sampling technique
was adopted for sample selection. A total of 150 well-structured questionnaires
were distributed but only 91 were returned. The Cobb-Douglas production
function model was used to predict the farm level technical efficiency. Results
from the Cobb- Douglas Regression showed a sigma square (c2) of 0.06584
which was statistically significant at 1 percent. The technical efficiency scores
among the rice farmers ranged from 0.012 to 1.000 with a mean of 0.350. Farm
size, quantity of rice seedlings, quantity of fertilizer and quantity of agrochemical
all were showed positive correlation with coefficients of 0.93511, 0.08310,
0.11200 and 0.14345 respectively while farm labour showed a negative
correlation with technical efficiency. The determinants of technical inefficiency
were age, household size and extension visits. This paper advocates the
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strengthening of existing extension system for timely sourcing of highly improved
rice seed varieties and subsidized fertilizer. There is the need to enhance farmers’
technical efficiency through adequate training on optimum input mix. The study
focused on comparative analysis of technical efficiency among smallholder rice
farmers using local and improved seeds in North Central, Nigeria.

MATERIALS AND METHODS

This study was conducted in Niger State and Federal Capital Territory (FCT).
Niger state is located between Latitudes 8° 22> North and 11°30' North and
Longitudes 30 30' East and 70 20’ East. It has a population of 5,556,247 people as
estimated by National Bureau of Statistics (NBS), 2016) and is projected to be
7,069,097 in 2023 at a 3.5% growth rate (Population Growth Calculator, 2023).
The Federal Capital Territory has a land area of 8,000 square kilometres. It falls
within Latitude 9.0765° North and Longitude 7.3986° East. FCT had a population
of 3,564,126 people (NBS, 2016) and is projected to be 4,534,563 people in 2023
at a 3.5% growth rate (Population Growth Calculator, 2023).

A multi-stage sampling method was used to select the target respondents. In the
first stage, three LGAs from Niger State and three area councils from FCT were
randomly selected. In the second stage, two wards each were randomly selected
from each of the area councils and LGAs making a total of twelves wards. In the
third and final stage, a proportionate simple random sampling was employed to
select a total of two hundred and thirty-four (234) rice farmers from a sample
frame of five hundred and sixty-five (565) rice farmers in the study area. The
sample size (234) comprises eighty-eight (88) and one hundred and forty-six (146)
smallholder farmers who cultivated local and improved rice seed was calculated
using Yamane (1967) as shown below.
N 565
" 1+N(e?) 1+ 565(0,052)
Where,

n =234 (1)

n = Sample Size (Units)

N= Sample Frame (Units)

e = Level of Significance (5%)
Primary data were used for this study. A pilot test was conducted prior to the main
test to ensure the reliability and validity of the questionnaire used for data
collection. The questionnaire applied in the collection of data for this study was
subjected to validity and reliability tests by the supervisors of the study. The
reliability test statistics made use of Cronbach’s’ alpha. It is considered a measure
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of scale reliability to determine the internal consistency of the questionnaire. The
coefficient ranges from 0, implying no reliability, to 1, implying perfect reliability.
DH

*= 7+ (D -1DH @
Where,
D= Number of Variables,
H = Average inter-item Covariance among the Variables, and
¥ = Average Variance.
Validity is the degree to which the test scores from a research study measure what
they intend to measure. The survey instrument (structured questionnaire) was face
and content-validated by the researcher and supervisors.
The results of the reliability test presented Cronbach’s alpha of 0.762 (76%).
Cronbach’s alpha ranges from zero to one. A reliability coefficient of 0.5-0.7 is
considered moderate reliability and hence acceptable (Taherdoost, 2016). The
data were analysed using both descriptive and statistics and stochastic frontier
production model.
Stochastic frontier production model

The stochastic frontier model following Peter et al. (2020) was used to achieve
part of objectives two (ii) and three (iii). The model is expressed thus:
Wi = f(X;, B) + & 3)
Where,
Wj;= Output of the Farmer (Local and Improved Rice Seed) (Kg),
X;= Vector of Actual Quantity Used,
B = Vector of Parameter to be Estimated,
e; = Composite Error Term; e; = v; — u;,
v; = Decomposed Error Term Measuring Technical Efficiency of the Farmer, and
u; = The Inefficiency Component of the Error Term.
Stochastic frontier production model is stated explicitly as: -

LaWij = Bo + B1LnX1 + BoLnXz + B3LnX3 + BalnXy + BsLnXs + Vi — Uj €))
Where,
W;; = Output of the Farmer (Local and Improved Rice Seed Farmers) (Kg),
X; = Farm Size (Ha),
X, = Fertilizer Usage (Kg)
X3 = Agrochemicals (Liters),
X, = Labour (Mondays),
X5 = Seed Usage (Kg),
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Bo= Constant Term,
B1-Bs = Regression Coefficients,
V; = Decomposed Error Term Measuring Technical Efficiency of the Farmer, and
U; = The Inefficiency Component of the Error Term.
The inefficiency component of the stochastic frontier model is stated thus: -
Ui = o+ Zy +0; Zy +X3 L3 +Xy Zy +X5 Zs +Xg Zg (5)
Where: -
&= Constant Term,
&, - <, = Regression Coefficient,
U; = Inefficiency Component (Local and Improved Rice Seed Farmer),
Z, = Farming Experience of Rice Farmers (Years),
Z, = Level of Education of Rice Farmers (Years),
Z3 = Age of Rice Farmers (Years),
Z, = Household Size of Rice Farmers (Number),
Zs = Number of Contact with Extension Agent (Number of Contact/Month), and
Ze= Sex of Rice Farmers (1, Male; 0, Otherwise).
The t-Test of Difference between Means

t — Stat = 21Xz (6)
512 5,2
/#*i—z

Where,

X; =Mean of Improved Seed Users

X, = Mean of Local Seed Users

$,% =Variance of Improved Seed Users

S,%= Variance of Local Seed Users

n,; = Number of observation of Improved Seed Users

n, = Number of observation of Local Seed Users

RESULTS AND DISCUSSION

Socio-economic characteristics of smallholder farmers utilizing local and
improved rice seeds farmers

Table 1 shows the results of the socio-economic characteristics of Smallholder
Farmers Utilizing local and improved rice seeds in the study area. The mean age
of Smallholder farmers who cultivated local and improved rice seeds were 43, and
42 years, respectively. This implies that most of the rice farmers were
predominantly young, resourceful, and energetic in their economically active age.
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This finding is similar to that of Raju et al. (2015), Obot et al. (2022), and Okoro
et al. (2023). The mean household sizes were 6 for smallholder farmers who
cultivated local and improved rice seeds respectively. This has a direct impact on
the supply of labour to the farm because of the potential contributions of these
people to the labour available for rice production. The results align with the
findings of Antwi and Aborisade (2017), Oloyede et al. (2020), and Mauki et al.
(2023). The mean farm size is 2.0 and 1.99 hectares for smallholder farmers who
cultivated local and improved rice seeds respectively. This suggests that the
farmers were small-scale farmers. The mean experiences were 17, and 14 years
for smallholder farmers utilizing local and improved rice seeds respectively.
According to Isah and Muhammad (2017), number of years of experience could
improve skills and approaches to rice farming practices. The results suggest that
the farmers were not new to the rice enterprise, as the majority had over 10 years
of experience. The average annual income earned by smallholder farmers utilizing
local and improved rice seeds were M1,504,886, N1, 609,368.8 respectively. This
suggests an average monthly income of MN125,407.17 and N134,114.07. The
average number of contacts with extension agents within the production seasons
were 3 and 4 respectively.
Table 1. Socio-economic characteristics of rice farmers using local and
improved seeds

Variable Unit of Local Seeds Improved Seeds
Measurement

Age Years 43 42

Household Size Number 6 6

Farm Size Hectares 2 1.99

Faming Experience Years 17 14

Income from other Naira 1, 504, 886 1,609,368.8

Farming Activities

Contact with Number 3 2

Extension Agent

Source: Computed from Field Data (2024)

Factors influencing technical efficiency of rice production in the study area

Table 2 shows the estimated maximum likelihood results of the stochastic frontier
production function for rice farmers in the study area. From the results, farm size
(P<0.01), fertilizer usage (P<0.01), agrochemicals (P<0.01), and seeds (P<0.01)
were significant factors influencing the output of smallholder farmers utilizing
local rice seed in the study area. Farm size (P<0.01), fertilizer (P<0.01),
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agrochemicals (P<0.01), and labour (P<0.01) were significant factors influencing
the output of improved rice seed variety farmers in the study area.

Farm size had positive coefficients and was statistically significant at 1%
probability levels in influencing the technical efficiencies of smallholder farmers
utilizing local and improved rice seeds. respectively. This means that a 1%
increase in the farm size, while holding other variables constant will lead to a
21.4% and 34.7% increase in the output of smallholder farmers utilizing local rice
and improved rice seed respectively. This result is in line with Okello et al. (2019),
Takele et al. (2020), and Chikezie et al. (2020), who reported that farm size is one
of the major factors influencing rice production. Fertilizer usage had positive
coefficients and was statistically significant at 1% probability levels in
influencing the output of local rice seed varieties farmers and improved rice seed
varieties farmers respectively. This implies that a 1% increase in fertilizer input
will result in a 30.9% and 20.7% increase in the rice output of local rice seed
varieties’ farmers and improved rice seed varieties’ farmers respectively. This
collaborates with the findings of Ouedraogo (2015), Okello et al. (2019), and
Takele et al. (2020), who reported that fertilizer input had a positive effect on rice
production.

Agrochemicals had positive coefficients and was statistically significant at 1%
level of probability in influencing the output of smallholder farmers utilizing local
and improved rice seed. This implies that a 1% increase in agrochemicals, keeping
all other factors fixed will result in a 23.2% and 20.7% increase in the output of
smallholder farmers utilizing local and improved rice seeds, respectively. Seed
input had positive coefficients and was statistically significant at 1% level of
probability in influencing the output of smallholder farmers utilizing local rice
seed. The result shows that a 1% increase in seed input keeping all other factors
fixed will lead to a 10.8% increase in the output of smallholder farmers utilizing
local rice seed. In the diagnostic statistics, the variance parameters of the
production function, which are represented by Chi-squared, lambda, and gamma,
were significant at the 1% probability level. This is in line with the findings of
Ouedraogo (2015), Okello et al. (2019), Takele et al. (2020), Chikezie et al.
(2020), and Mauki et al. (2023).

From Table 2, the inefficiency component revealed that farming experience,
contacts with extension agents, and sex were statistically significant variables
influencing technical inefficiency of rice farmers. Farming experience had
negative coefficients and was statistically significant at 10% probability levels in
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influencing technical influencing of smallholders utilizing local and improved rice
seed respectively. The results suggest that a unit increase in farming experience
keeping all other factors constant will lead to a 0.129 unit and 0.067 unit increase
in the technical efficiencies of smallholder farmers utilizing local and improved
rice seeds. This collaborates with the findings of Ouedraogo (2015), Okello et al.
(2019), and Takele et al. (2020).

From Table 2, Contact with extension agents had a positive coefficient and was
statistically significant at 5% probability level in influencing inefficiencies of
smallholder farmers utilizing improved rice seed. The results suggest that a unit
increase in contact with extension agents keeping all other factors fixed will lead
to a 0.4022 unit decrease in the technical efficiency of the farmers who cultivated
improved rice seed. This finding does not conform with the results of Chikezie et
al. (2020) and Mauki et al. (2023). From Table 2, Sex had negative coefficients,
was statistically significant at 5% probability levels in influencing technical
inefficiency of smallholder farmers utilizing improved rice seed. The results
suggest that a unit increase in male farmers keeping all other variables fixed will
lead to a 0.776 unit increase in the technical efficiency of the farmers who
cultivated improved rice seed.

Technical efficiency scores for smallholder rice farmers utilizing local and
improved rice seed in the study area

Table 3 presents the technical efficiency scores of rice farmers in the study area.
About 62.50% and 93.15% of the smallholder farmers utilizing local and
improved rice seeds respectively, were between 51% to 97% efficient. This means
that majority of the farmers are technically efficient. Such efficiency distribution
conforms to previous studies carried out on rice farming by Okello et al. (2019),
Takele et al. (2020), Chikezie et al. (2020), Peter et al. (2020), and Mauki et al.
(2023). The mean technical efficiency of the rice farmers was 50% and 77%, for
smallholder farmers who cultivated local and improved rice seeds respectively,
leaving a gap of 50% and 23% for improvement.

Therefore, for smallholder farmers who cultivated local rice seed, there is
substantial room for improvement, with technical efficiency at 50%. This
indicates that they are only utilizing half of their potential productivity. There is
a 50% gap that can be addressed through various interventions. For smallholder
farmers who cultivated improved rice seed, while their technical efficiency is
higher at 77%, there is still a 23% gap for potential improvement. The result also
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means that if the average farmer in the sample was to achieve the technical
efficiency level of its most efficient counterpart, then the average farmer could
make 20% and 21% cost savings for smallholder farmers who cultivated local
improved rice seed varieties farmers respectively.

Table 2. Maximum likelihood estimates of the stochastic frontier

production function for rice farmers in the study area

Variables Local Rice Seed Farmers (N=88) Improved Rice Seed farmers
(N=146)
Coefficie Standard t- | Coefficie Standard
nt Error ratio nt Error | t-ratio
Technical Efficiency
Component
Farm Size 0.214 *** 0.058 3.67 0.347%** 0.062 | 5.58
Fertilizer 0.309 *** 0.037 8.40 0.207%** 0.04 | 522
Agrochemicals 0.232 *** 0.042 5.49 0.207%** 0.074 | 2.80
Labour 0.103 0.065 1.58 -0.143%* 0.07 | -2.06
Seed 0.108 *** 0.035 3.11 0.019 0.039 | 0.48
Constant -1.797 0.463 -3.88 S2.73%** 0.515 | -5.30
*kk
Technical Inefficiency
Component
Constant -4.151 0.19 | -21.84 | -4.961%** 0.574 | -8.64
doksk

Farming Experience -0.129* 0.073 -1.76 -0.067* 0.037 | -1.78
Level of Education 0.018 0.388 0.05 0.021 0.123 | 0.17
Age 0.038 0.096 0.39 0.03 0.025 | 1.20
Household Size 0.364 0.348 1.05 0.056 0.071 | 0.79
Contact ~ with  Extension 0.304 0.338 0.01 0.4022%%* 0.2047 | 1.96
Agents
Sex 0.053 1.484 0.04 -0.776** 0.382 | -2.03
Constant -68.279 6772.937 -0.01 -9.632%* 4.778 | -2.02
Chi-square 1067.808*** 913.457%%*
Lambda 1.09 4.99
Gamma 54% 96%
¥R p< 01, ¥* p<.05, *p<.1

Source: Computed from Field Data (2024)

Test of Hypothesis

The data presented in Table 4 leads to a clear rejection of the null-hypothesis,

demonstrating that there is, in fact a statistically significant difference between
the technical efficiency of local and improved seed users. The calculated t-value
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of 14.79 comfortably exceeding the critical t-table value of 1.96, the result
indicate that the performance gap is not due to random chance. Farmers utilizing
improved seeds achieved a substantially higher mean technical efficiency of 0.772
compared to the 0.502 recorded for local seed users, suggesting that improved
variety are a primary driver of productivity. Furthermore, the significantly lower
standard deviation for improved seed users (0.017 versus 0.158) implies that the
benefits of these seeds are consistent across the larger sample of 146 observations
where as local seeds performance is much more volatile and less reliable.

Table 3. Technical Efficiency Scores of Smallholder Farmers Utilizing
Local and Improved Rice in the Study Area

Seed Local Rice Seed Farmers Improved  Rice  Seed
Farmers

Freq. Perc. Freq. Perc.
0.141-0.50 33 37.50 10 6.85
0.51-0.80 55 62.50 98 67.12
0.81-1.00 38 26.03
Total 88 100 146 100
Mean 0.502 0.772
Min 0.374 0.449
Max 0.624 0.97
Standard Deviation 0.069 0.141
Freq = Frequency Perc = Percentage
Source: Computed from Field Data (2024)

Table 4. There is no significant difference between technical efficiency of
smallholder rice farmers using local and improved seeds in the study area

Variable Technical Efficiency (Values)
Local Seed Users 0.502
Improved Seed Users 0.772
Standard Deviation (Local) 0.158
Standard Deviation (Improved) 0.017
Number of Observation (Local) 88
Number of Observation (Improved) 146
t-Calculated 14.79
t-Table Critical Value 1.96

Source: Computed from Field Data (2024)
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CONCLUSION

The study established that improved seed varieties were significantly more
effective in enhancing productivity than local varieties. The farmers utilizing
improved seeds achieved the higher mean technical efficiency (0.772) compared
to those using local seeds (0.502), a difference validated by a robust t-calculated
value of 14.79, which far exceeded the critical threshold. The stochastic frontier
model highlighted that while both groups relied heavily on farm size, fertilizer,
and agrochemicals, improved seed users benefited more from land expansion
(coefficient of 0.347), however they faced challenges with labour management.
Furthermore, the inefficiency analysis indicated that farming experience and
extension contact played vital roles in reducing waste and improving output. With
gamma value for improved seed users, it was evident that 96% all deviations from
the maximum potentials output were due to technical inefficiencies rather than
random noise. Ultimately, shifting from local to improved seeds, supported by
better extension services, remained the most viable pathway for closing the yield
gap, and ensuring food security in the region.

RECOMMENDATIONS

To close the 22.8% efficiency gap between local and improved seed users the
following recommendations were made:

)] Adoption of Improved Seed Varieties: Smallholder currently using
local seeds should shift to using certified improved varieties.

(i) Optimization Farm Size and Labour- Farmers should focus on land
size or better land preparation.

(1i1) Enhanced Input Management: Farmers should adopt precision
agriculture techniques, applying the right quantity at the right time.

@iv) Strengthening Extension Services. The government should recruit and

train more extension officers to provide technical how-to sessions
specifically focusing on the management of improved varieties.

W) Subsidized Input Distribution Systems- The government should move
beyond general subsidies, and implement a targeted electronic-wallet
system in order to ensure access to certified improved seeds and high-
quality fertilizer.

(vi) Gender-Sensitive Agricultural Support- Policies should specifically
target female rice farmers with tailored credit facilities and land tenure
security.
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ABSTRACT

During the early stages of plant growth, trees are very well dependent on soil
nutrient supply, the soil has to be enrich with nutrients (Organic and inorganic)
applications for optimal growth and development. This study was aimed at
evaluating the effect of cow dung and NPK applications on Acacia auriculiformis
at early growth stage to ascertain the best means of improving faster seedling
growth of the species. The study was conducted in Savanna Forestry Research
Station nursery situated in Institute for Agricultural Research (I.A.R) farm
Samaru in Kurumi Bomu village. Seeds of matured Acacia auriculiformis were
collected from plus tree at Savanna Forestry Research Station, Samaru — Zaria;
Pre-treated with 50% of sulfuric acid (H,SO4) for 60 minutes to break the seed
dormancy and sown directly in nursery pots filled with top soil, ten (10) potted
seedlings were picked two (2) weeks after germination and divided into three (3)
groups of three (3) different levels (3g; 6g and 9g) of cow dung and NPK
(15:15:15) fertilizers. The experiment was laid out using Complete Randomized
Design (CRD), ring method of fertilizers application were used. measured include
seedling height; number of leaves and seedlings diameter the data was collected
at 2WBFA, 4WAFA, 6WAFA and 8WAFA and subjected to analysis of variance
and Duncan’s Multiple Range Test (DMRT) at the end of the experiment the
results show that application of cow dung at various doses significantly P<0.05
yielded better growth and seedlings quality of Acacia auriculiformis as compared
to NPK (15:15:15) fertilizer. NPK applied at 6 grams and 9 grams were
significantly P<0.05 toxic to the seedlings which led to high mortality rate after
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application. However, from the results obtained in this experiment it was
recommended that cow dung should be utilized to make nutrient available for
optimal growth of Acacia auriculiformis seedlings and the application of NPK
fertilizers above 3g on Acacia auriculiformis seedlings should be discouraged.

Key Words: Cow-dung, eco-zone, growth, NPK, Ring method

INTRODUCTION

Northern black wattle, Ear-pod wattle, or Darwin black wattle (Acacia
auriculiformis Cunn ex. Benth - (Family- Fabaceae) is a leguminous and
multipurpose evergreen tree, which is found in many tropical zones of Southeast
Asia, Africa and Latin America (Das & Alam, 2001; Simons & Leakey, 2004). It
grows with a trunk up to 12 m long and 50 cm in diameter. It has dense foliage
with an open, spreading crown. The trunk is crooked and the bark vertically
fissured. Roots are shallow and spreading. Leaves 10-16 cm long and 1.5-2.5 cm
wide with 3-8 parallel nerves, thick, leathery and curved. Flowers are 8 cm long
and in pairs, creamy yellow and sweet scented. Pods are about 6.5 x 1.5 cm, flat,
cartilaginous, glaucous, transversely veined with undulate margins (Tropical
Plants Data Base, 2025). They are initially straight but on maturity become
twisted with irregular spirals. Seeds are transversely held in the pod, broadly ovate
to elliptical, about 4-6 x 3-4 mm (Amin et al., 1995). The plant has a spreading,
superficial and densely matted root system, which makes it suitable for stabilizing
eroded land. Plantations of the tree improve soil physio-chemical properties such
as water-holding capacity, organic carbon, nitrogen and potassium through litter
fall. Its phyllodes provide a good, long-lasting mulch, the dense, dark-green
foliage, which remains throughout the dry season, makes it an excellent shade
tree. This plant species grows very fast, with the ability to fix nitrogen, thrive on
infertile, acid, alkaline, saline and waterlogged soils (Hossain et al., 1997).
Successful use of A. auriculiformis in agro-forestry programme in Africa and
Bangladesh has been reported owing to its rapid growth, short rotation and ability
to thrive on degradable soil (Amin et al., 1995). A. auriculiformis is a potential
plant for erosion control, water conservation and also a source of biomass for fuel
generation (Hossain et al., 2009). The bark contains sufficient tannin (13 - 25%)
for commercial exploitation, Bark harvested for its tannins should only be taken
from mature stems, and only when the sap is rising at the beginning of the growing
season - which is when the tannin content is highest and the bark is most easily
removed from the wood, however, a natural dye, used in the batik textile industry
in Indonesia, is also extracted from the bark (Orwa et al., 2009). The heartwood
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is light brown to dark red; it is demarcated from the yellow sapwood. The wood
is hard, has a high basic density; is fine and straight-grained; often attractively
figured; It is excellent wood for turnery articles, toys, carom coins, chessmen and
handicrafts, it’s also used for furniture, joinery, tool handles; and for construction
if trees of suitable girth are available(Orwa ef al.,2009). The wood is extensively
used for paper pulp; Plantation-grown trees have been found promising for the
production of unbleached Kraft pulp and high-quality, neutral, sulfite semi-
chemical pulp (Orwa et al., 2009). A major source of firewood, its dense wood
and high energy (calorific value of 4500-4900 kcal/kg) contribute to its
popularity; it provides very good charcoal that glows well with little smoke and
does not spark (Hossain et al., 2009).

A decoction of the root is used to treat aches and pains and sore eyes; an infusion
of the bark has been used to treat rheumatism, the bark of all Acacia species
contains greater or lesser quantities of tannins and are astringent; Astringents are
often used medicinally - taken internally, for example, they are used in the
treatment of diarrhea and dysentery, and can also be helpful in cases of internal
bleeding and they applied externally, often as a wash, they are used to treat
wounds and other skin problems, hemorrhoids, perspiring feet, some eye
problems, as a mouth wash and so on (Orwa ef al., 2009). Many Acacia trees also
yield greater or lesser quantities of a gum from the trunk and stems. This is
sometimes taken internally in the treatment of diarrhea and hemorrhoids (Orwa et
al., 2009). However, to effectively harness the potentials of this species, emphasis
must be made for improving their demand as plantation trees. In this regard, the
use of organic (cow dung) and inorganic manure (NPK) applications becomes
essential in forest soil management practice. In order to regenerate a forest and
maintain it, the soil has to be enriched with nutrients. This enrichment could be in
form of fertilizer application, which may be organic or inorganic forms, all of
which furnish plants with nutrients necessary for their growth (Offiong et. al.,
2010; Eduardo et. al., 2016; Sodimu et al., 2021). Siddhuraju (2007) and Sodimu
et. al., (2020) reported that during the early stages of growth, trees are very well
dependent on soil nutrient supply. However, failure to manage nursery soil
adequately can result in depletion of site quality and a reduction of seedling
growth (Hoque et. al., 2004; Sodimu et. al., 2020) The dilemma for the foresters
is therefor, how to increase the yield and quality of products for rapidly expanding
wood based industries and for use by a rapidly expanding human population and
simultaneously maintaining the environmental diversity. However, it is well
understood that the loss of diversity may be minimized in a sustainable manner
through increasing the number of species used in production forestry through
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domestication of indigenous timber species (Rafiqul ef al., 2004). In view of this
multipurpose function and utility of Black wattle (Acacia auriculiformis), it is
favored for plantation programs. This study was aimed at evaluating the effect of
cow dung and NPK applications on Acacia auriculiformis at early growth stage
to ascertain the best means of improving faster seedling growth of the species.

MATERIALS AND METHODS
Study area

The study was conducted in Savanna Forestry Research Station nursery situated
in Institute for Agricultural Research (I.A.R) farm Samaru in Kurumi Bomu
village. Located at Latitude 12°13’and 11°11'N / Longitude 8°39” and 7°38"E and
686m above sea level (Figure 1). It is located in Sabon — Gari Local Government
Area of Kaduna State. The vegetation in the local Government Area is the
Northern Guinea Savannah woodland type, characterized by short scattered
drought resistant trees with undergrowth of grass that serves as fuel for bushfires
in the long dry season with mean annual rainfall of 1000mm — 1500mm,
temperature of 25.6°C (78.1°F), precipitation of 1,117.6mm and humidity of 69%
respectively (Sodimu et al., 2021).

Seed treatment and experimental design

The pods of Acacia auriculiformis seeds were collected from Savanna Forest
research station, Samaru Zaria. The seeds were extracted from the pods by
soaking the pods in water for overnight to soften the coat and then wash in running
water to remove the seeds. Seed dormancy was broken by soaking the seeds in 50
% concentration of H,SO4 acid for 60 minutes to rupture the hard coat and to
enhance the germination of seeds. (Abubakar & Muhammed, 2013). The
experiment was laid out in a Completely Randomized Design (CRD) with 2 (two)
treatments (Cow dung and NPK) and three levels (3g; 6g and 9g) It was replicated
4 (four) times and a control

Seeds sowing and nutrient application

Treated seeds were sown directly into poly pots filled with sterilized river sand.
Two (2) seeds were sown per poly pot, approximately 2cm deep into the pots. The
seedlings were allowed for 2 (two) weeks growth before fertilizer application.
Acacia auriculiformis seedlings were transplanted into poly pots filled with a
mixture of top soil and river sand in ratio of 3:1 before the fertilizer application.
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Both the cow dung and NPK fertilizers were applied when the seedlings were 2
(two) weeks old using ring method at varying levels of 3 g, 6 g and 9 g were
administered into the poly pots.

Data collection and analysis

Observation were made and data were collected for the following early growth
parameters; seedling height; diameter and number of leaves produced. The growth
parameters were measured at two (2) weeks interval for eight (8) weeks. The
height of seedling in each poly pot was measured using a graduated meter rule.
Veneer caliper was used to measure the diameter of seedlings. The production of
new leaves recorded by visually counting the number of leaves produced. These
parameters were measured fortnightly. The data collected were Analyzed using
Analysis of Variance (ANOVA) at P<.0.05 probability level and subjected to
Duncan Multiple Range Test (DRMT).

RESULTS AND DISCUSSION

Table 1 shows the chemical analysis of cow dung and physiochemical properties
of soil before the experiment. However, from the results the soil properties of the
soil sample include sand (93.00%), stilt (1.70) and clay (6.44) this implies that the
experimental soil is sandy hence coarse in texture. The experimental soil had a
pH of 6.80 which indicates that the soil is neutral while the cow dung had pH of
8.68, which indicate alkalinity.

Seedlings height of Acacia auriculiformis

Table 2 shows varying effects of levels of Cow dung and NPK fertilizers
applications on the mean height of Acacia auriculiformis seedlings. Highest
mean height of 22.66¢cm was observed in the 6g treatment of Cow dung in the 8th
week after application while NPK treatment recorded highest height of 19.15¢cm
also at the 8th week after application. The lowest mean value of 0.00 was observed
at 6 and 8" Weeks after planting in 6g and 9g dosage of NPK, respectively.
However, there were negative responses of NPK fertilizers on survival of Acacia
auriculiformis when the dosage was increased and this significantly increase the
mortality rate at P<0.05 when compare with the cow dung. Although, there were
no significant difference P>0.05 between the height in their initial height. This
result is in accordance with the work of Ugese (2010) who observed that organic
manure increases the growth of Tamarindus indica. The application of little doses
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of fertilizer stimulates cell differentiation and multiplication leading to height
increments (Afa ef al, 2011). Similar results have been reported for Michelia
champaca L seedlings in which minimal doses of Phosphorus yielded positive
effects on height increments (Hoque et al., 2004). Although, high doses of
phosphorus application may become toxic to seedlings since absorption of this
element may affect regular metabolic processes (Ojeniyi, 2020).

Table 3 Shows effect of the varying levels of cow dung and NPK fertilizers on
number of leaves of Acacia auriculiformis. Highest mean number of 20.41 was
observed with 6g dosage of cow dung treatment in the 8th week after application
while the NPK treatment with mean number of leaves of 16.10 recorded in the 8th
week after application. Results indicated significant difference P<0.05 in the
number of leaves which showed increase through the study period.

Tablel. Physiochemical properties of experimental soil and cow dung

Physical Properties Soil Cow Dung
Sand (%) 93.00 -

Silt (%) 1.70 -
Clay (%) 6.44 -
Chemical Properties

pH 6.80 8.68
Elec.-cond.(ppm) 80.4 11970
Organic comp.(g/kg) 10.88 27.75
Organic manure(g/kg) 19.48 69.85
Available P (mg/kg) 41.16 0.129
Total N (g/kg) 0.38 0.74
Exchangeable Cations

Na (mol/kg) 1.01 2.15
K (mol/kg) 0.41 2.01
Ca (mol/kg) 2.13 0.64
Mg (mol/kg) 10.53 0.153
E.A (mol/kg) 0.00 -
CEC (mol/kg) 14.48 -

There were negative responses of NPK fertilizers on number of leaves of Acacia
auriculiformis when the dosage was increased (6g and 9g) and this significantly
increase the mortality rate at P<0.05 and causes burning of the leaves and the
whole plant generally when compare with the cow dung. However, the above
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finding agrees with the work of Ugese (2010) who obtained higher results in the
number of leaves using organic manure on the growth of Tamarindus indica.
Also, Mbah ef al., (2019) recorded better yield performance on crops planted
with organic soil.

Table 2. Effect of varying level of Cow dung and NPK Fertilizers on the
Mean Height (cm) of Acacia auriculiformis Seedlings

Treatment 2WBFA 4WAFA 6WAFA SWAFA
Cow dung(3g) 10.55a 11.83a 18.31b 20.78¢
Cow dung(6g) 10.30a 12.67a 19.90b 22.66¢
Cow dung(9g) 11.42a 12.67a 18.71b 20.45¢
NPK(3g) 11.44a 12.87a 16.32¢ 19.15
NPK(6g) 10.52a 11.26a 0.00 0.00
NPK(9g) 10.65b 9.74b 0.00 0.00
Control - 13.78b 9.42a 9.45a
SE+ 1.30 1.53 1.42 1.83

(i) Means in the same column followed by unlike letters are significantly

different at

(ii) P<.0.05 level of probability using Duncan’s Multiple Range Test

(DMRT)

(iii) WBFA=Weeks before fertilizers application.
(iv) WAFA= Weeks after fertilizers application

Table 3. Effect of varying level of cow dung and NPK fertilizers on the
mean number of leaves of Acacia auriculiformis seedlings

Treatment 2WBFA 4WAFA O6WAFA SWAFA
Cow dung(3g) 4.50a 9.04b 13.30a 20.51a
Cow dung(6g) 4.20a 8.63a 12.80a 20.41c
Cow dung(9g) 4.31a 8.95a 12.91a 17.80ab
NPK(3g) 6.00b 8.44a 13.68b 16.10b
NPK(6g) 4.10a 7.13a 0.00 0.00
NPK(92) 4.50a 6.63a 0.00 0.00
Control - 9.33b 9.60a 9.40b
SE+ 0.84 0.98 1.40 2.6
(i) Means in the same column followed by unlike letters are significantly
different at P<0.05 level of probability using Duncan’s Multiple Range
Test (DMRT)
(ii) WBFA=Weeks before fertilizers application.

(iii) WAFA= Weeks after fertilizers application
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Stem Diameter of Acacia auriculiformis Seedlings

Table 4 shows effect of the varying levels of cow dung and NPK on the mean
girth of Acacia auriculiformis seedlings. Highest mean girth of 0.77cm was
observed with 9 g dosage of cow dung treatment in the 6th week after application
while the NPK treatment with mean diameter of 0.74cm in 3 g dosage recorded
in the 6th week after application. The seedlings in this experiment were not
significantlyP>0.05 different in their initial diameter (at the time of fertilizer
application).

Table 4. Effect of varying level of Cow dung and NPK fertilizers on the
mean diameter (cm) of Acacia auriculiformis seedlings

Treatment 2WBFA 4WAFA 6WAFA SWAFA

Cow dung(3g) 0.71a 0.72a 0.76a 0.76a

Cow dung(6g) 0.71a 0.71a 0.74a 0.76a

Cow dung(9g) 0.71a 0.72a 0.77a 0.77a

NPK(3g) 0.72a 0.72a 0.74a 0.75a

NPK(6g) 0.70a 0.71b 0.00 0.00

NPK(9g) 0.75b 0.60a 0.00 0.00

Control - 0.71a 0.71a 0.71a

SE+ 0.12 0.14 0.12 0.12

(i) Means in the same column followed by unlike letters are significantly
different at P<0.05 level of probability using Duncan’s Multiple Range
Test (DMRT)
(ii) WBFA=Weeks before fertilizers application.

(iii) WAFA= Weeks after fertilizers application

NPK applied at 6 g and 9 g were toxic to the seedlings which significantly P<0.05
led to the high mortality rate in the treatment after application. NPK fertilizer have
significant effect on diameter increment of Acacia auriculiformis seedlings and
that after 6 weeks of application, there were no significant (P>0.005) difference.
This observation is in accordance with work of Rafiqul (2004) who recorded high
performance of stem diameter in fertilizer application with Anthocephalus
chinensis. Offiong et al, (2010); Mukhtar (2016) also recorded high performance
of stem diameter in organic manure application with Adansonia digitata and
Tetrapleura tetraptera.

CONCLUSION

It is an evident from the results that application of cow dung at various doses
yielded better growth at the early stage of Acacia auriculiformis as compared
to NPK fertilizers. Treatment with NPK was toxic to the seedlings at 6 gand 9 g
levels of applications which led to the death of the seedlings.
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RECOMENDATIONS

Based on the above results, it is therefore recommended that cow-dung should be
utilized for better plant nutrition and faster growth of Acacia auriculiformis
seedlings, and also, the application of NPK fertilizers above 3g, can affect the
growth of Acacia auriculiformis seedlings negatively hence p roper application
guidelines should be adhered to for optimum growth and development of the
species.
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ABSTRACT

The study titled “Role of Beneficial Microbial Inoculants in Enhancing Potato
Vegetation Growth in Sindhupalchok District” was conducted at the Potato Crop
Development Centre, Nigale, from February 21 to July 11, 2025. A Randomized
Complete Block Design (RCBD) with five treatments- Control, Trichoderma,
Pseudomonas, Phosphate-Solubilizing Bacteria (PSB), and a 1:1:1 mixture was
used, each replicated four times. Data on vegetative growth were recorded and
analyzed statistically using R Studio. At 45 days after planting, plant emergence
was highest under PSB (58.33%), while plant height at 105 DAP was greatest in
Trichoderma (83.9 cm). Although several variables showed no statistically
significant differences (p < 0.05), consistent numerical improvements occurred in
Trichoderma and mixture treatments, indicating that beneficial microbial
inoculants can enhance vegetative growth and quality in the mid-hill regions of
Nepal.

Keywords: Biofertilizer, microbial inoculants, sustainable, treatment, yield
INTRODUCTION

One of the primary goals of Nepal’s Agriculture Development Strategy (ADS) is
to enhance agricultural productivity while ensuring long-term sustainability and
food security. In line with this objective, potatoes have been identified as a priority
crop under the Prime Minister Agriculture Modernization Project (PMAMP)
because of their significant contribution to national food systems, nutrition, and
rural livelihoods. Potato cultivation area and production in Nepal have steadily
increased since 2016/17, with national productivity rising from 13.94 t/hato 17.11
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t/ha over the last decade until 2022/23 (MoALD, 2079). Despite this progress,
Nepal’s potato productivity remains substantially lower than the global average.
Countries such as the United States and New Zealand achieve average potato
yields of 51.45 t/ha and 50.88 t/ha, respectively (FAO, 2025), which are more
than three times higher than Nepal’s current productivity level. This considerable
yield gap highlights the urgent need for sustainable and efficient production
technologies suitable for Nepalese agroecological conditions.

Recent advances in sustainable agriculture have emphasized the importance of
microbial inoculants as eco-friendly alternatives to excessive chemical fertilizer
use. Continuous and imbalanced application of synthetic fertilizers and pesticides
has accelerated soil degradation, reduced beneficial microbial activity, and
negatively affected agroecosystem health. Soil microorganisms play a crucial role
in nutrient cycling, organic matter decomposition, soil aggregation, and plant
growth promotion; however, intensive chemical-based farming systems often
suppress these beneficial microbial populations (Vessey, 2003). The adverse
effects of agrochemical dependency can be observed in areas such as Panchkhal
Municipality, once widely recognized for commercial vegetable production.
Excessive pesticide use has resulted in pesticide-resistant pests such as “Daduwa,”
increased production costs, phytotoxicity, soil quality deterioration, and chemical
residues in vegetables (Karmacharya, 2012). Farmers are increasingly trapped in
a cycle of chemical dependency, where crop performance declines without
repeated applications of fertilizers and pesticides.

In this context, beneficial microbial inoculants such as Trichoderma, phosphate-
solubilizing bacteria (PSB), and Pseudomonas spp. have gained increasing
attention as sustainable biofertilizer options. These microorganisms play
significant roles in improving soil fertility, nutrient availability, plant growth, and
disease suppression. Microbial inoculants enhance crop productivity through
several mechanisms, including nutrient solubilization, phytohormone production,
induced systemic resistance, and antagonistic activity against soil-borne
pathogens (Harman et al., 2004; Vessey, 2003). Their application has become
particularly important in potato cultivation because of the crop’s high nutrient
demand and susceptibility to soil-borne diseases.

Trichoderma species are widely recognized for their biocontrol potential and plant
growth-promoting abilities. They suppress pathogenic fungi through mechanisms
such as mycoparasitism, competition, antibiosis, and induction of plant defense
responses. In addition, 7richoderma improves root development and nutrient
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uptake, thereby enhancing overall plant vigor and yield (Harman, 2006).
Similarly, phosphate-solubilizing bacteria (PSB) convert insoluble forms of
phosphorus into plant-available forms through the secretion of organic acids and
phosphatase enzymes. Since phosphorus deficiency is a common limitation in
agricultural soils, PSB can significantly improve phosphorus use efficiency and
reduce dependency on synthetic phosphate fertilizers (Rodriguez and Fraga,
1999). Likewise, plant growth-promoting Pseudomonas spp. contribute to crop
performance through nitrogen fixation, siderophore production, phytohormone
synthesis, and suppression of pathogenic microorganisms. Fluorescent
Pseudomonas strains are particularly important in enhancing rhizosphere activity
and promoting healthier root systems, ultimately improving crop growth and
productivity (Weller, 2007).

Although biofertilizers and microbial inoculants have demonstrated promising
results in several crops globally, limited field-based research has been conducted
under Nepalese agroecological conditions, particularly in potato cultivation
systems. Most previous studies have focused on laboratory-scale experiments or
individual microbial strains, creating a significant research gap regarding the
combined application of Trichoderma, PSB, and Pseudomonas in enhancing
potato productivity and soil health under local farming conditions. Furthermore,
the interaction of these inoculants with the soils and climatic conditions of Nepal,
especially in the Sindhupalchowk district, remains insufficiently understood.
Therefore, this study hypothesizes that the application of microbial inoculants,
individually or in combination, will significantly improve potato growth, nutrient
uptake, soil health, and yield compared to non-inoculated treatments.

MATERIALS AND METHODS

The study was conducted from February to July 2025 at the Potato Crop
Development Center (PCDC), located at an elevation of approximately 2,500
meters above sea level in Nigale, Lisankhupakhar Rural Municipality,
Sindhupalchok District, Nepal. The site lies within a moderate temperate climatic
zone suitable for potato cultivation. PCDC was purposively selected because it is
a national government institution engaged in potato research, varietal evaluation,
seed production, and technology development in Nepal. During the experimental
period, the crop was grown under prevailing field conditions of the site.

Before field preparation and treatment application, representative soil samples
were collected from the experimental area at a depth of 0-20 cm using a standard
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zigzag sampling method. Several subsamples were taken across the field,
thoroughly mixed to form a composite sample, air-dried, and analyzed for major
physicochemical properties such as soil texture, pH, organic matter, available
nitrogen, available phosphorus, and available potassium. These baseline soil
characteristics were used to describe the fertility status of the experimental site
and to support the interpretation of the treatment effects.

The experiment was laid out as a Randomized Complete Block Design. A total of
five treatments were implemented, each replicated four times, resulting in 20 plots
across the experimental field. The entire plot area covered 80 m?, with each plot
measuring 2 m x 2 m (4 m?). Each plot contained 21 potato tubers, making a total
of 420 tubers across all plots. The Rosita potato variety, which is popular and
well-suited to the agro-climatic conditions of Nigale, was selected for planting
due to its high yield potential and local adaptability. Row-to-row spacing was
maintained at 70 cm, while plant-to-plant spacing within rows was 25 c¢cm to
ensure proper growth and minimize competition among plants. Fertilizer was
applied at the recommended N:P: rate of 100:60:60 kg/ha. Nitrogen was applied
in split doses to enhance nutrient uptake and reduce potential losses through
leaching or volatilization.

The treatments included PSB, Trichoderma, Pseudomonas, Control, and Mixture.
Three products bearing the brand names Ferti P, Psumo, and Tree Devi were used
as liquid biofertilizers from Yarsa Agro Research Pvt. Ltd., located in Lalitpur,
Nepal. Ferti P is a phosphate-solubilizing biofertilizer containing Phosphate-
Solubilizing Bacteria (PSB) at a concentration of 2x10® CFU/ml. Psumo is a
biocontrol agent containing Pseudomonas fluorescens (2x10® CFU/ml), and Tree
Devi is a biofungicide containing Trichoderma viride at 2x10° CFU/ml.

One liter of water was combined with five milliliters of each biofertilizer for the
application. For the entire plot, five liters of solution were made. One of the five
treatments was a combination formulation, in which five milliliters of each of the
three biofertilizers were combined with five liters of water in a 1:1:1 ratio. First,
seed tubers were steeped in the biofertilizer mixture for half an hour before
planting. On April 25, right before flowering, a second foliar spray application
was carried out. The crop was then sprayed with biofertilizer every 15 days until
it reached physiological maturity, which happened 105 days after planting (DAP).
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RESULTS AND DISCUSSION

Germination percentage

At 45DAP, the data revealed that the highest number of plants emerged was
recorded in T4PSB) with 58.33%, followed by Ta(Trichoderma), 54.76%,
Ts(Mixture), 40.48%, and T3(Pseudomonas), 35.71%, with the least germination
on Ti(control), 32.14%. The ANOVA results for germination percentage show
that neither the replication nor the treatment effects were statistically significant.
The F-value for replication was 1.85 (p = 0.192), and for treatment, it was 1.38 (p
= 0.299), both of which exceed the 5% significance level. This indicates that
neither block-to-block variation nor the applied treatments had a statistically
meaningful influence on the germination rate of the seeds. The mean square error
(Ms error) was 393.62, and the overall mean germination rate was 44.29%.
However, the experiment exhibited a high coefficient of variation (CV) of
44.80%, and the least significant difference (LSD) at the 5% level was 30.57%.
This high LSD suggests that only differences above 30.57 percentage points
between treatment means would be statistically detectable.
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Figure 1. Graph illustrating the germination percentage

The high CV indicates substantial variability in germination performance,
possibly due to environmental factors such as uneven moisture content, seed vigor
differences, or inconsistencies in seedbed preparation. According to Joshi et al.
(2020), variability in seed germination across treatments is common in field
conditions, especially when seed quality and micro-environmental conditions are
not uniform. The non-significant treatment effect implies that the germination
differences observed among the treatments are likely due to random variation
rather than the treatments themselves. This aligns with the findings of Adhikari et
al. (2017), who reported non-significant differences in germination among tomato
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varieties under similar treatment conditions, attributing it to genetic uniformity
and uniform pre-germination conditions.

Plant height

The analysis of plant height across different treatments from 60 to 105 Days After
Planting (DAP) reveals a consistent pattern where T, exhibited superior
vegetative growth, particularly in the later stages. At 60DAP, although Ts
recorded the highest mean plant height (12.75 c¢cm), it was closely followed by T4
(12.7 cm) and T, (12.45 cm), with no significant differences among treatments (p
= 0.3187). The coefficient of variation (CV%) was relatively high at 45.04%,
indicating considerable variability in early growth. According to Sharma et al.
(2016), early plant height can often be influenced by seedling vigor and initial soil
moisture conditions, which may not necessarily predict final plant performance.

100
U | B | DS | T | |
Control  Trichoderma Pseudomonas PSB Mixture
Treatments

Plant height (cm)

Plant ht 60DAP(cm) = Plant ht 7SDAP(cm)
H Plant ht 90DAP(cm) ™ Plant ht 105SDAP(cm)

Figure 2. Graph illustrating plant height

At 75DAP, T4 achieved the highest mean height (42.7 cm), slightly ahead of T»
(41.85 cm), suggesting that both treatments promoted better vegetative growth
than the others. The growth patterns align with findings by Adhikari et al. (2020),
who noted that mid-vegetative stages are critical in determining overall plant
performance, particularly under varied agronomic treatments. However, the
differences remained statistically non-significant (p = 0.1244), indicating that the
variability within treatment groups overlapped.

The superiority of T, became more pronounced at 90 DAP and 105 DAP, where
it recorded the highest mean plant heights of 69.65 cm and 83.9 cm, respectively.
Although these differences were still not statistically significant (p = 0.6285 and
p = 0.8004), the consistent numerical advantage of T, suggests its effectiveness in
supporting vegetative development in later stages. Similar observations were
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reported by Thapa et al. (2021), who emphasized that while statistical significance
is important, consistent trends over time can still hold agronomic relevance,
especially under field conditions where variability is common.

The lack of significant differences could be attributed to environmental variability
or limited replication, as suggested by the relatively high coefficient of variation
(CV%) values. Nonetheless, T>’s consistent performance supports its potential
suitability for robust vegetative growth, even in the absence of statistical
confirmation. This is supported by the work of Paudyal and Regmi (2018), who
argue that agronomic decisions in field settings often rely on consistent trends
rather than solely on statistical thresholds. T, demonstrated the most consistent
and superior vegetative growth performance across later growth stages,
highlighting its promise as a treatment option for improved plant height and vigor.
Future studies with larger sample sizes and controlled environments may help
confirm the statistical validity of these trends.

Number of stems

The ANOVA results for the number of stems indicate that neither replication nor
treatment effects were statistically significant. The F-value for replication was
0.24 (p = 0.869), and for treatment, it was 1.24 (p = 0.345), suggesting that the
variation in stem number among different treatments and across replications was
not large enough to be considered significant at the 5% level. The mean square
error (MS error) was 0.594, with an overall mean number of stems of 4.83 cm and
a coefficient of variation (CV) of 15.96%, indicating moderate variability in the
data. The least significant difference (LSD) at the 5% level was calculated to be
1.19 cm, implying that any treatment differences below this threshold are
statistically indistinguishable.

The non-significant treatment effect suggests that the tested treatments did not
have a notable influence on the number of stems. This may be due to
environmental uniformity, limited physiological response, or the short duration of
treatment exposure. Similar findings were reported by Pandey et al. (2016), who
found no significant effect of organic and inorganic fertilizer treatments on stem
number in early vegetative stages of tomato due to uniform seedling vigor and
initial soil fertility levels. Additionally, the non-significant replication effect
suggests consistent conditions across experimental blocks, indicating that
extraneous variability such as soil texture or light exposure was well-controlled.
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This strengthens the internal validity of the experiment, a feature considered
critical in field trials (Gomez and Gomez, 1984).

Table 1. ANOVA for Number of Stems

Response | Source Df | Sum Mean F value | Pr M Serror Mean CV LSD
Variable Sq Sq >F) (%) (5%)
Stem Replication 3 0.422 | 0.1407 | 0.24 0.869 | 0.594 483 [1596 | 1.19
Length

Treatment 4 2.952 | 0.7380 | 1.24 0.345

Residual 12 7.128 | 0.5940
Uniformity

The analysis of plant uniformity across different Days After Planting (DAP)
reveals important insights into the consistency of treatment effects throughout the
crop's growth period. At 60 DAP, significant differences among treatments were
observed (p < 0.001), with T, and T3 achieving the highest uniformity scores
(3.75), significantly outperforming T4 and Ts (both 2.75), as supported by the LSD
(0.43). The coefficient of variation (CV%) was 21.51%, indicating moderate
variability among the experimental units. Uniformity at early growth stages is
crucial, as it reflects synchronized development, which can enhance management
practices and potentially contribute to better final yield and marketable quality
(Gomez and Gomez, 1984). High early uniformity can also reduce intra-plot
competition, contributing to more efficient resource use (Adhikari et al., 2021).
At 75DAP, all treatments recorded a uniformity score of 4, resulting in non-
significant differences (p = 0.4116) and a CV% of 0%, signifying complete
uniformity across treatments. This uniform growth phase may represent a
developmental equilibrium, possibly influenced by favorable environmental
conditions and uniform agronomic management. According to Shrestha et al.
(2019), such uniformity in mid-growth stages is common in well-managed field
trials and indicates physiological stability.

By 90 DAP, although the F-value increased slightly (1.68), the treatment effect
remained non-significant (p = 0.1618). The highest uniformity (4.5) was noted in
T; and T3, while T», T4, and Ts followed closely with a score of 4.25. The CV%
of 10.87% shows mild variation, suggesting that treatment effects were beginning
to diverge, but not strongly enough to reach statistical significance. As per Khadka
et al. (2022), uniformity in late vegetative or early reproductive stages can be
influenced by genotype-environment interactions, which may introduce
variability not directly linked to treatment interventions.
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At 105DAP, a highly significant treatment effect was once again observed (p <
0.001), with Ty, T3, and Ts achieving the highest uniformity (4.5), compared to T
and T4 (both 4.0). The LSD at this stage was lower (0.25), and the CV% was
9.24%, suggesting a relatively stable measurement with reduced variability. This
stage is critical for evaluating harvest maturity and grading potential. According
to Paudel et al. (2020), high uniformity at maturity ensures better post-harvest
handling, enhances the market appeal, and reduces sorting losses.

While T, showed the best performance at 60 DAP and maintained stable
uniformity throughout the growth cycle, its performance slightly declined during
the later stages compared to Ty, T3, and Ts. However, its consistency across all
four growth stages still positions it as a reliable treatment for achieving
predictable plant development. As argued by Steel and Torrie (1980), stability
across time often outweighs peak performance in a single stage, especially in field
conditions where uniformity supports operational efficiency and production
planning.

The ANOVA results show that treatment impacts on plant uniformity were
temporally dynamic, statistically significant in the early and final stages, but not
during mid-growth. This pattern emphasizes the importance of stage-specific
evaluation in agronomic research, where early and late-stage interventions may
exert the most influence. These findings align with the broader principle noted by
Steel and Torrie (1980), which advocates interpreting treatment effects in light of
developmental phases and environmental interactions.

Table 2. ANOVA for the uniformity

Treatments Uniformity Uniformity Uniformity Uniformity
(Day 60) (Day 75) (Day 90) (Day 105)

T, (Control) 3 4 4.5 4.5

T, (Trichoderma) 3.75 4 425 4

T; (Pseudomonas) 3.75 4 4.5 4.5

T,(PSB) 2.75 4 4.25 4

Ts (Mixture) 2.75 4 4.25 4.5

LSD (0.05) 0.43 0.25

F 11.08 1 1.68 9.5

p-Value 2.03e-07 0.4116 0.1618 1.67¢-06

CV% 21.51 0 10.87 9.24

118




NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

CONCLUSION

In this study, the treatments applied—7richoderma, Pseudomonas, phosphate-
solubilizing bacteria (PSB), and their combined mixture—did not produce
statistically significant effects on major growth parameters. However, numerical
differences were observed among treatments, which were largely influenced by
environmental variability.

Despite the lack of strong statistical significance, several consistent agronomic
trends were evident throughout the experiment. Microbial inoculant treatments
contributed to improved plant uniformity at different growth stages. Significant
differences in uniformity observed at 60 and 105 DAP suggest that treatment
responses were stage-dependent rather than uniform throughout the crop cycle.
Treatments involving Trichoderma and Pseudomonas performed better during the
early stages, whereas the mixture treatment and Pseudomonas maintained greater
uniformity at maturity.

The study further suggests that microbial inoculants can serve as sustainable and
eco-friendly supplements to conventional chemical fertilizers by enhancing
nutrient availability, improving rhizosphere activity, and supporting healthier
crop growth. In the context of increasing soil degradation, declining microbial
activity, and excessive agrochemical dependency in Nepalese agriculture, the use
of biofertilizers such as Trichoderma, Pseudomonas, and PSB offers promising
opportunities for sustainable potato production and long-term soil health
management.

SUGGESTIONS

Future research should focus on long-term and multi-location trials with larger
sample sizes, improved experimental precision, and additional assessments
related to soil biological properties, nutrient dynamics, and yield performance.
Such studies would help validate the observed trends and provide deeper insights
into the interaction of microbial inoculants with local soil and climatic conditions.
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ABSTRACT

This study examined the constraints facing contract and non-contract rice farmers:
evidence from Benue and Niger States, Nigeria. A multi-stage sampling design
was used to select 400 rice farmers comprising 200 contract rice farmers and 200
non-contract rice farmers. Primary data were collected from a well-structured
questionnaire survey. Data were analyzed using descriptive statistics, principal
component model and Kendall’s’ coefficient of concordance. The results revealed
that contract farmers possess larger average household sizes (17.5 members) and
more farming experience (17.3 years) compared to non-contract farmers (6.8
members and 13.5 years). Additionally, contract farmers manage larger
landholdings (3.2 hectares) than their non-contract counterparts (2.4
hectares).The principal component analysis (PCA) and Kendall’s coefficient of
concordance were employed to rank the challenges facing both groups. For
contract farmers, PCA identified inadequate capital and discrimination in land
access as primary components, while Kendall’s rank identified farmer-herder
clashes and price fluctuations as the most pressing constraints. Conversely, non-
contract farmers are most significantly burdened by rice smuggling, gender
inequality in resource access, and high input costs. While contract farming
provides a framework for structured production, both groups remain vulnerable
to external shocks and systemic inefficiencies. The findings suggest that while
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contract arrangements may offer better access to land and experience-sharing,
they do not fully insulate farmers from security threats and capital deficiencies.
To enhance rice productivity, policy interventions must address broader issues of
rural security, credit accessibility, and market protection from smuggled imports.

Keywords: Capital, coefficient of concordance, landholdings, principal
component analysis, security threat

INTRODUCTION

Agriculture is the mainstay of the Nigerian economy and it contributes about
29.15% of the Gross Domestic Product in 2017 (National Bureau of Statistics,
NBS, 2017), employing about 75% of the Nigerian populace and labor force
(Yusuf et al., 2020). Most of these people are small-scale farmers. The small-
scale farmers particularly in a less developed country like Nigeria face several
production and marketing constraints, such as limited access to services,
including effective extension and rural credit, which are crucial pre-conditions
for upgrading commodity value chains (Wiggins et al., 2010).

Rice (Oryza sativa) is a typical cereal crop that has moved from a ceremonial
to a staple food in Nigerian homes. Rice is the second produced cereal in the
world after wheat, but first as human consumption is concerned. North Central
Nigeria consisting of Benue; Taraba; Plateau; Kogi; Niger; Nasarawa; and
Kwara States are some of the most important rice producing state in Nigeria.
North Central fertile land and rich climatic condition could easily produce rice
to feed the entire country. Total potential land for irrigated rice production in
North Central is estimated at 0.9 million hectares out of which only 471, 798
ha is available. There are three rice production environments and their
coverage in Nigeria are; rain-fed lowland (having a percentage of 69%),
irrigated lowland (taking up 2.7%) and rain-fed upland (accounted for 28.3%).
More than 90% of Nigeria’s rice is being produced by poor resource small-
scale farmers, while the 10% of rice production is by corporate/commercial
farmers (FAO, 2019). The market is an important determinant for smallholder
farmers and one of the major challenges in developing countries to continue
production or to stop.

According to Will (2013), contract farming is regarded as a forward agreement
specifying the obligations of farmers and buyers as partners in business,

specifying farmers, (sellers) legal obligation to supply the volumes and
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qualities as specified, and the buyers, (processors/traders) obligation to off-
take the goods and release the payments as agreed and buyers providing
embedded services such as: upfront delivery of inputs; pre-financing of input
delivery on credit and other non-financial services (eg extension, training,
transport and logistics).

Contract farming (CF) a pre-harvest agreement between farmers and buyers is
seen as a strategy that can address technology constraints (Swinnen &
Kuijpers, 2019), ease adoption of technology (Ragasa et al., 2018), link
farmers to marketing agents (Wiggins & Keats, 2013), reduce transaction
costs (Bellemare, 2012) and open access to finance (Carletto et al, 2011).
Contract farming refers to an institutional arrangement under which
agribusiness firms contract the production of agricultural commodities out to
farmers and ensure a consistent supply of quality agricultural raw materials
(Bellemare & Novak, 2017). Contract Farming has long been prevalent in
developed countries and in recent times has spread widely in developing
countries (Wong et al., 2014). In the Nigeria there is some emerging evidence
of contract farming (Fawole & Thomas, 2014; Iro, 2016; Olusegun, 2016;
Miet & Vande, 2017). The existing ones are mostly owned by private
companies/individuals as out-grower schemes and a few by the Government
such as the presidential anchor borrower program initiated by Federal
Government of Nigeria in 2016 (Olusegun, 2016).

A farmer’s decision to participate in contract farming is affected by different
physical, social and economic factors. The main buyers of rice from
smallholder farmers are local collectors/traders, rice processing companies
and family, cooperative unions, and individual consumers. Farmers enter
different forms of contract mainly with traders, a private processing
companies or cooperatives, whenever they think profitable. Therefore, formal
or informal agreement are the way of creating a market for smallholder
farmers to supply rice to the processors. The study aimed to evaluate the
constraints of contract and non-contract rice farmers in Benue and Niger
States of Nigeria.

MATERIALS AND METHODS

The study was carried out in Benue and Niger States in the North Central
geopolitical zone of Nigeria. Benue State occupies Longitudes 7° 47! and 10° 0!
East and Latitudes 6° 25! and 8° 8! North. It has an estimated population of
5,905,747 inhabitants. The main crops found in Benue State include banana,
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cassava, beans, potatoes, maize, finger millet, sorghum, rice, wheat, pulses,
oilseeds, fruits, vegetables, and grains. Niger State has a land area of 29484 sq.
km. The state falls within latitudes 8° - 10°N and Longitude 3°. - 8°E. Niger State
has an estimated population of 6,407,568 inhabitants in 2020 (National Bureau of
Statistics [NBS], 2021). Farming is the primary occupation of 85 percent of the
state’s population; some of the arable crops grown in the state are maize, cassava,
vegetables, rice, yam, millet, cocoyam, potato, cowpea, groundnut, guinea corn,
fruits, and sugarcane. Livestock reared includes goat, sheep, cattle chicken and
donkey.

This study employed a multi-stage sampling technique to select respondents. In
the first stage, two agricultural zones were selected through purposive sampling
technique from the three agricultural zones in each state. In the second stage, two
blocks were selected through a simple random sampling technique from the three
(3) blocks in each zone giving a total of 8 blocks. In the third stage, five cells were
selected through simple random from each of the 8 blocks giving a total of 40
cells. In the fourth stage, a list of all indigenous rice farmers was compiled by the
community leaders in each of the selected cell. From the list, ten (10) respondents
comprising of both contract and non-contract rice farmers were selected through
stratified random sampling techniques. Thus, the total sample size for the study
was 400 respondents. Out of 400 households 200 were independent (non-
contracted) rice growers and 200 were contracted farmers. This study employed
a field survey method encompassing a designed questionnaire, and primary data
were collected from rice farmers. A pilot test was done on the research instrument
to detect possible errors in the measurement procedures, identify unclear
questions in the questionnaire and determine the validity and reliability of the
data.

The data were analyzed using the following descriptive statistics and econometric
tools:

Principal Component Analysis (PCA)

The principal component analysis (PCA) following the studies conducted Kashap
and Yadav (2020), Niftiyev and Ibadoghlu (2023), and Sruthi et al. (2024). The
model of principal component analysis (PCA) is stated as;

For data vector, X = (X1, X5, .....ne.... Xp) (1)

The ith principal component (Y;) is define as:
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Vi =enX; tepXo tepXs+ Xy, 2)
=elX 3)
Where,
Y; = The ith principal component. It is a new variable that represents a portion of
the total variance in the original data.
X; = The jth original input variable (usually centered so the mean is zero and a

variance of 1)
e;j = The loading or coefficient. These are the elements of the eigen-vector e;

corresponding to the ith largest eigen-value of the covariance matrix

Var (Y;) = A;= The variance of the ith component, which is equal to the ith eigen
-value. Components are ordered such that 4; = 4, = ---..... 4,
p = The total number of original variables\

Kendalls’ Coefficient of Concordance (W)

The Kendalls’ Coefficient of Concordance (W) is stated thus:
128

W= M2(n3 —n) —MYT )
Where,
n = Number of Objects (Subjects) that is being ranked
M = Number of variables
T = Correction Factor for Tied Ranks
g
T= -t 5)
K=1

Where,
tx = Number of Tied Ranks in each of ‘g’ Groups of Ties.
S = The sum of squared deviations of the rank sums from their mean

S=y R—FY) ©)

Where,
R; =The sum of ranks assigned to the ith object across all ‘m’ raters
R? = The mean of the rank sums, this is calculated as:
- mn+1)
R=m—>— O
Friedmans Chi Square
X’=mn-1DW (8)
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RESULTS AND DISCUSSION

Socio-Economic Characteristics of Contract and Non-Contract Farmers

Table 1 presents the results of the socio-economic profiles of the sampled rice
farmers in the study area. The study further revealed that the average age of
contract rice farmers was 45years, while the average age of non-contract rice
farmers was 44 years. This indicated that both categories of farmers under
contract and non-contract farming were still young, energetic and in their active
age of productivity. These results imply that the sampled rice farmers could easily
adopt innovations and new technology which could lead to an increase in the
output yield of rice among both contract and non-contract rice farmers in the
study area. This finding aligns with the findings of Igwe-Oscar (2014) but
contrary to the findings of Hoang (2021) who reported that rice farmers under
contract were older farmers in Vietnam. The average years in schooling for
both contract and non-contract rice farmers were 7.2 and 7.5 years respectively.
This implies that the sampled rice farmers were able to attain primary level of
education, which could enable them to read and write, giving them an advantage
in adopting innovation and using improved varieties of seeds, and technical
know-how on using productive resources like fertilizer application, and the use
of agrochemicals such as herbicides and insecticides effectively. This is in line
with the findings of Igwe-Oscar, (2014) who asserted that education enlightened
farmers to change and adopt modern opportunities. The study also revealed that
the average household size of contract rice farmers was 8 members per family,
while for non-contract farmers was 7 members per family. Household size
enhances rice production due to the availability of labour that were engaged in
farming activities. The farmers under contract farming have an average farming
experience of about 17years, while the non-contract rice farmers had an average
farming experience of about 14 years. This conforms with the findings of Nazifi
et al. (2021) who reported 18 years of farming experience among contract farmers
in Kano and Kaduna States, Nigeria. The study further shows that the average
farm size cultivated by contract rice farmers was 3.2 hectares, while the non-
contract rice farmers cultivated an average farmland size of about 2.4 hectares
indicating that category of rice farmers was small-scale rice farmers in the study
area. This confirms the findings of Nazifi et al. (2021) who reported similar
results on contract farming in Kano and Kaduna States, Nigeria.
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Constraints Faced by Contract Rice Farmers in the Study Area

The constraints faced by contract rice producers were subjected to the principal
component model or factor analysis and is presented in Table 2. The constraints
facing contract rice farmers with higher Eigen-value that are greater than one or
unity were retained and used for further analysis by the model. The constraints
with Eigen-value less than one were discarded by the model. The retained
constraints were inadequate capital, which was ranked 1% with Eigen-value of
2.10178 and this problem explained 17.51% of all the constraints retained in the
model.

Table 1. Socio-Economic Characteristics of Contract and Non-Contract
Rice Farmers

Variables Contract Farmers | Non-Contract Farmers
(n=200) (n=200)

Age (Years) 44.8 43.7

Education Level (Years) 7.2 7.5

Household Size (Number) 17.5 6.8

Farming Experience (Years) 17.3 13.5

Farm Size (Hectares) 32 2.4

Source: Field Survey Data (2024)

Discrimination in terms of access to land input was ranked 2™ among all
constraints retained in the model, and this constraint explained 14.68% of all
constraints retained in the model. Other constraints were high cost of labour 3,
inadequate extension services 4" and farmer- herder clashes 5" with
percentages of 12.87%, 10.51% and 8.81% respectively. All the retained
problems in the model explained a cumulative proportion of 64.4% of all
constraints facing contract rice farmers that was included in the principal
component analysis. The chi-square value of 350.048 was statistically significant
at (P < 0.01), this signifies that the model is a good fit. This is line with the
findings of Nazifi et al. (2021) who reported that lower pricing was stated by the
farmers as because the firm always possess highest power in deciding the price
to be paid per bag of harvested rice and is mostly below market price, while the
delay in payment of farmers benefits was because after harvesting the farmers
are not given their profit after company deducted their services fees and credit in
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Table 2. Results of the Principal Components Analysis of the Challenges

Faced by Contract Rice Farmers in Production

Component Eigen Value Difference | Proportion | Cumulative |Rank
Inadequate Capital 2.10178 0.340544 0.1751 0.1751 I+
IDiscrimination in terms of access 1.76124 0.216643 0.1468 0.3219 2nd
to Land
High Cost of Labour 1.5446 0.283844 0.1287 0.4506 34
Inadequate Extension Services 1.26075 0.204111 0.1051 0.5557 4h
IFarmer harder clashes 1.05664 0.103747 0.0881 0.6438 5th
Bartlett Test of Sphericity:

(Chi-Square 350.048
IRho 1.0000
IKMO 0.5354

Source: Computed from Field Data (2024)
Constraints Faced by Non-Contract Rice Farmers in the Study Area

The constraints facing non-contract rice producers were subjected to the principal
component model or factor analysis and is presented in Table 3. The constraints
facing non-contract rice farmers with Eigen-value greater than one or unity were
retained and used for further analysis by the model. The constraints with Eigen-
value less than one were discarded by the model. Rice smuggling and importation
was ranked 1% with Eigen-value of 5.45156 and this problem explained 28.69
% of all constraints retained in the model. Gender inequality in access to resources
was ranked 2™ among all constraints retained in the model, and this constraint had
Eigen-value of about 3.46743 which explained 18.25% of all constraints retained
in the model. Other constraints with higher Eigen-value retained in the analysis
were policy inconsistency on rice production, 3 with Eigen value of 2.92805, high
cost of labour 4™ and inadequate capital 5% with Eigen values of 1.67391 and
1.10252, respectively. All the retained problems in the model explained 76.97%
of all constraints facing non-contract rice farmers that were included in the
principal component analysis. The chi-square value of 2935.306 was statistically
significant at (P < 0.01), this signifies that the model is a good fit. This result is in
line with Coker et al. (2018) and Alabi et al. (2023) who reported similar problems
of rice production faced by farmers in their respective study areas.
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Table 3. Results of the Principal Components Analysis of the Challenges

Faced by Non-Contract Rice Farmers in the Study Area

\Component Eigen IDifference Proportion |Cumulative Rank
\Value

Smuggling and Importation 5.45156  [1.98414 0.2869 0.2869 1™

(Gender inequality in access to resources 3.46743 539379 0.1825 0.4694 pnd

Policy Inconsistency on rice production 2.92805  [1.25414 0.1541 0.6235 3

High cost of Labour 1.67391 571385 0.0881 0.7116 th

Inadequate capital 1.10252  |.338784 0.0580 0.7697 5t

Bartlett Test of Sphericity

Chi-Square 2935.306

Rho 1.0000

KMO 0.6883

Source: Field Data (20 24)

Table 4. Kendalls’ Coefficient of Concordance Rank of Constraints Faced
by Contract and Non-Contract Rice Farmers

Contract Farmers Non-Contract Farmers
Constraints Mean Rank Constraints Mean Rank
Score Score

Farmer Herder Clashes 7.55 1 High Cost of Inputs 12.27 1™

Price Fluctuation 6.80 2nd High  Cost  of | 12.12 2nd
Qualitative
Seeds

Poor Infrastructure 6.78 3 Policy Inconsistency | 11.98 3w

Inadequate Extension 6.76 4h Bad Roads 11.77 4

Theft 6.58 5t Inadequate Price 11.62 5t
Information

High Cost of Labour 6.45 6M Excessive Rainfall 11.50 6h

Discrimination on Access to | 6.43 7 Price Fluctuation 11.44 7%

Resources

Inadequate Capital 6.40 gt Poor Land Tenure | 11.34 gth
System

Kendalls’ W 0.024 Kendalls’ W 0.262

Chi-Square 51.960 Chi-Square 937.704

Degree of Freedom 11 Degree of Freedom 18

Asymptotic Significant 0.000 Asymptotic 0.000
Significant

Source: Field Survey Data (2024)

The results showed that the calculated chi-square value for contract and non-
contract rice farmers was 51.9 and 937.7, respectively at 5% probability level with

degrees of freedom of 11 and 18, respectively, the null hypothesis was rejected
since the calculated value was greater than Table critical value. As presented in
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Table 4 the farmers ranked the constraints from highest to lowest as reported by
the output results of the test.

CONCLUSION

The study evaluated the constraints facing contract and non-contract rice farmers:
evidence from Benue and Niger States, Nigeria. The study concluded that contract
farming attracts more experienced farmers with larger households and
significantly larger farm sizes. This indicates that contract arrangements may
currently favor established farmers who possess the labor capacity and land base
to meet formal production requirements. However, the analysis of constraints
revealed a complex environment where both groups face distinct yet equally
debilitating challenges. For contract farmers, the primary constraints are systemic
and security-oriented. The high ranking of farmer-herder clashes and price
fluctuations suggests that even within a structured contractual agreement, the lack
of physical security and market stability undermines productivity. The principal
component analysis further highlighted that inadequate capital remained the most
significant underlying factor for contract participants, suggesting that current
credit facilities provided within these contracts may be insufficient to cover the
rising costs of modern rice production. Non-contract farmers, on the other hand,
operate in a more volatile environment characterized by external market
distortions. The prominence of rice smuggling and importation as their leading
challenge indicated that local smallholder farmers are struggling to compete with
cheaper, often illegally imported rice. This is compounded by high input costs and
gender-based inequalities in resource distribution, which limit the expansion and
efficiency of non-contracted farms. The significant difference in household sizes
also suggests that non-contract farmers may lack the "free" family labor available
to larger contract households, forcing them to rely on hired labor, which is
increasingly expensive. The contract farming offers a degree of organizational
advantage; it is not a panacea for the broader structural failures in the agricultural
sector. The persistence of capital inadequacy across both groups and the looming
threat of insecurity (clashes) and market instability (smuggling) represent
significant barriers to achieving national rice self-sufficiency. For the rice sub-
sector to thrive, a dual approach is required: one that strengthens the internal
mechanisms of contract agreements while simultaneously providing a protective
and secure environment for independent smallholders. This shall include
strengthening rural security and conflict resolution, credit accessibility and input
subsidies and trade policy enforcement and market protection. Without addressing
these fundamental constraints, security, capital, and trade policy, the gap between
potential and actual rice yields will continue to persist.
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ABSTRACT

Chemical fertilizer is a critical input for enhancing agricultural productivity and
ensuring food security in Nepal. However, the sector is plagued by chronic supply
insecurity, characterized by persistent demand—supply gaps, untimely delivery,
and inequitable distribution. This study employs a mixed-methods institutional
analysis, guided by Ostrom's Institutional Analysis and Development (IAD)
framework, to diagnose systemic bottlenecks in Nepal's fertilizer supply chain and
assess their impact on end-user farmers. Primary data were collected from
February to August 2022 from key institutional actors (n=20), 15 agricultural
cooperatives, and 60 farmers in the Kathmandu Valley the central hub for
fertilizer import and distribution. Secondary data from government reports and
policy documents were analyzed to contextualize the findings. Results reveal a
profound disconnection between policy intent and field-level reality. An
estimated national demand of 600,000 metric tons (MT) is met with less than half
through official channels, with procurement delays averaging 8—11 months. The
state-controlled duopoly of the Agricultural Inputs Company Limited (AICL) and
the Salt Trading Corporation Limited (STCL) have marginalized private sector
participation, creating a rigid and inefficient supply system. At the farmer level,
86% reported untimely access, 74% found subsidized fertilizers unaffordable, and
28% were unaware of the subsidy program itself. Distribution is highly
inequitable, favoring the Terai region over remote hills (p < 0.001). Qualitative
findings reveal four core themes: bureaucratic procurement paralysis, political
interference, cooperative-level failures, and farmer coping strategies. The study
concludes that the fertilizer crisis is fundamentally a governance failure,
stemming from institutional monopolies, flawed procurement logistics, weak
distribution networks, and poor policy communication. To achieve a resilient
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fertilizer supply system, policy reforms must prioritize decentralized distribution,
strategic buffer stocks, revitalized public—private partnerships, and enhanced
farmer-centric extension services.

Keywords: Access constraints, chemical fertilizer, institutional bottlenecks,
subsidy policy, supply chain

INTRODUCTION

Agriculture remains the cornerstone of Nepal's economy, contributing
approximately 25.8% to the national GDP and providing livelihoods for about
two-thirds of the population (MoALD, 2022). To meet the food demands of a
growing population amidst shrinking arable land, enhancing crop productivity
through improved inputs is imperative. Fertilizer, along with seed and irrigation,
is a major input for agricultural production (McArthur et al., 2017). With the
commercialization of agriculture, demand for fertilizer has been continually
increasing (FAO, 2019). Fertilizers (organic or inorganic) are among the most
important agricultural inputs, and their unavailability in time and required
quantity hampers crop production to a great extent (Panta, 2018). Historically,
Nepal's fertilizer consumption has been low relative to its South Asian neighbors,
averaging about 60-96 kg of nutrients per hectare far below the recommended
levels for intensified cropping systems (FAO, 2023; The Rising Nepal, 2023).

The governance of fertilizer supply in Nepal has undergone significant policy
oscillations. Prior to 1997, a subsidized public monopoly prevailed. This was
replaced by a deregulated market (1997-2008), which improved supply but led to
price volatility and quality issues. In 2009, the government reintroduced subsidies,
creating a state-controlled duopoly that persists today. Despite fertilizer subsidy
allocation from NPR 15 billion to NPR 18.5 billion (FY 2023/24), increased
budgetary allocations reaching NPR 15.85 billion in FY 2021/22, systemic
inefficiencies remain. Nepal's import of agricultural goods reached Rs. 250 billion
in FY 2019/20, with fertilizer subsidy allocations rising from NPR 8.99 billion
(FY 2018/19) to NPR 15 billion (FY 2020/21) (MoF, 2020). However, the formal
supply meets only a fraction of national requirements, forcing farmers to rely on
informal cross-border markets (Gautam et al., 2022). The Agriculture Perspective
Plan (APP, 1995-2015) aimed to increase fertilizer consumption to 150 kg/ha by
2015. Yet consumption declined from 1999 to 2008, largely due to subsidy
removal, which made fertilizers unaffordable. Private sector participation has
been constrained by high costs and risks. The 2009 subsidy reintroduction
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temporarily boosted applications, but demand—supply gaps persist. Paudel and
Cargo (2017) report that despite rising subsidy expenditure, the supply system
remains inefficient, with significant delays and mismatches between demand
periods and distribution. International assessments reveal a widening nutrient
supply gap, particularly for nitrogen, phosphorus, and potassium (Chakraborty et
al., 2024). Shrestha (2010) emphasizes that Nepal's fertilizer system is an
institutional governance issue, shaped by political transitions, bureaucratic delays,
and weak coordination across federal, provincial, and local levels.

While the Terai region accounts for most cereal production, this study focuses on
the institutional node where national procurement, import authorization, and
distribution mandates originate. The Kathmandu Valley serves as the
administrative epicenter, allowing the study to trace governance failures from
policy formulation to implementation. While existing literature documents the
demand—supply gap, few studies integrally analyze the institutional architecture
and link its failures to quantifiable farmer-level constraints. This study addresses
the gap using IAD framework, which examines how rules, actors, and institutional
arrangements shape governance outcomes. The IAD framework conceptualizes
institutional performance as shaped by the interaction of action situations (the
procurement and distribution context), actors (state agencies, cooperatives,
private dealers, farmers), rules-in-use (procurement regulations, subsidy
mechanisms, allocation criteria), and outcomes (supply gaps, price distortions,
informal market reliance). By examining how these elements interact, the IAD
framework enables a systematic diagnosis of why policy intentions consistently
fail to translate into field-level outcomes (Ostrom, 2011). We ask: (1) What are
the key institutional and procedural bottlenecks in Nepal's official fertilizer
procurement and distribution system? (2) How do these systemic failures translate
into access and affordability constraints for end-user farmers?

MATERIALS AND METHODS
Study area

Kathmandu Valley was purposively selected as the study site for institutional
rather than agricultural reasons. As the location of the Ministry of Agriculture and
Livestock Development (MoALD), the Customs Department, and the
headquarters of both AICL and STCL, the valley is the central node where
national procurement policies, import authorizations, and distribution mandates
originate. By focusing on this institutional hub, the study traces governance

136



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

failures from their source policy formulation and import authorization to their
manifestation in distribution networks and farmer access.

While the study is geographically confined to the Kathmandu Valley, the
institutional pathologies identified procurement latency, centralized decision-
making, and information asymmetry are structural features of the national
distribution framework. However, the magnitude of farmer-level impacts may
vary across regions, and future research should extend the analysis to Terai and
hill districts.

Research design and sampling rationale

A descriptive, single-case study design with a convergent parallel mixed-methods
approach was adopted. Purposive sampling identified three stakeholder groups:
(a) Institutional Actors (n=20): Senior officials from MoALD (n=8), AICL (n=5),
STCL (n=4), and the Customs Department (n=3); (b) Supply Chain Intermediaries
(n=15): Representatives from agricultural cooperatives (n=10) and private input
dealers (n=5); (c) End-User Farmers (n=60): Active fertilizer-using farmers were

selected across Kathmandu, Lalitpur, and Bhaktapur districts..

This study utilized the Kathmandu Valley as an institutional proxy for the national
supply chain. While the Terai region is the primary cereal-producing heartland,
the institutional pathologies identified here procurement latency, centralized
decision-making, and systemic information asymmetry are structural governance
failures that originate at the administrative hub. By isolating these bottlenecks at
the source, this research identified the root causes of supply failures that
manifested across the country.

The sample size of 60 farmers was selected to provide an exploratory depth that
captured the governance failures (weaknesses) at the distribution hub; while not
statistically exhaustive, it generated critical qualitative and quantitative insights
into systemic bottlenecks. Furthermore, the single Focus Group Discussion
(n=10) served as a supportive qualitative mechanism to triangulate individual
survey data and capture shared experiences among cooperative members, rather
than aiming for full theoretical saturation. Within each district, farmers were
selected purposively to ensure a diverse mix of landholding sizes, crop types, and
varying proximity to cooperative distribution centers.

137



NEPALESE JOURNAL OF AGRICULTURAL SCIENCES,
July, 2026, volume 31
e-ISSN: 2091-0428; p-ISSN 2091-041X
Published by HICAST, Purbanchal University, Kathmandu

Data Collection (February—August 2022)

Key Informant Interviews (KIIs): Semi-structured interviews lasting 45-90
minutes were conducted with 20 institutional actors covering procurement
procedures, subsidy mechanisms, distribution logistics, and policy challenges.
Focus Group Discussion (FGD): One FGD was conducted with 10 cooperative
members and progressive farmers (6 male, 4 female) to explore shared
experiences and systemic bottlenecks. The discussion lasted approximately 120
minutes and was audio-recorded with consent.

Household Survey: A structured questionnaire was administered to 60 farmers
to collect quantitative data on demographics, fertilizer access (timing, quantity),
affordability, subsidy awareness, and satisfaction.

Secondary Data: National import/export statistics, AICL/STCL annual reports,
policy documents, audit reports, and peer-reviewed literature were systematically
reviewed.

Data Analysis

Quantitative Analysis: Survey data were analyzed using descriptive statistics
(frequencies, percentages, means) in Microsoft Excel 2016. One-way ANOVA
was used to compare provincial supply variations, with statistical significance set
atp <0.05.

Qualitative Analysis: Interview and FGD transcripts were analyzed using
inductive thematic content analysis. Transcripts were manually coded by two
researchers to identify recurring patterns, themes, and narratives. Inter-coder
agreement was 87%, with discrepancies resolved through discussion.
Institutional Analysis: A supply chain map was developed to visualize actors,
linkages, and critical nodes. Time-series data on national fertilizer imports and
prices were analyzed to identify historical trends and supply gaps.

RESULTS AND DISCUSSION

National annual demand for chemical fertilizer in Nepal is approximately 600,000
MT (MoALD, 2022). However, official supply in FY 2020/21 was only 269,482
MT, meeting less than half of the total requirement, a demand-supply gap
exceeding 50%. Officials interviewed for this study estimated that informal cross-
border channels may account for up to 70% of total fertilizer consumption. Survey
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data from the Kathmandu Valley indicated that 86% (52 out of 60) of farmers did
not receive fertilizers during the critical pre-planting period, highlighting the
severity of access constraints even in the central distribution hub.

Figure 1 illustrates the magnitude of the demand-supply gap across Nepalese
provinces. The widest gaps are observed in Madhesh Province, followed by
Bagmati and Lumbini Provinces, where agricultural production intensity is
highest. In contrast, Karnali Province, designated as an organic farming zone,
exhibits the smallest gap due to lower chemical fertilizer demand.

Karnali Province

@ Lumbini Province
Gandaki Province
Bagmati Province
Madesh Province
Koshi Province

0 100,000 200,000 300,000
Fertilizer demand (MT)

Provinc

Total Demand (MT) = MoP (MT) = DAP (MT) = Urea (MT)

Figure 1. Fertilizer demand-supply gap by province in Nepal (FY 2020/21)

Fertilizer demand for cereal crops varies considerably across the provinces of
Nepal. Koshi Province records the highest demand, reflecting its favorable
conditions and extensive area devoted to cereal cultivation. Madhesh and Lumbini
Provinces also show substantial demand, with cash-crop production estimated at
2.228 million MT and 2.200 million MT, respectively, while Koshi leads at 2.434
million MT. In contrast, Karnali Province has the lowest fertilizer demand, which
corresponds with its relatively low cash-crop production (0.582 million MT) and
its stronger orientation toward organic farming practices (Figure 2). The persistent
gap between demand and official supply forces farmers to seek alternatives. As
shown in subsequent sections, this shortfall drives reliance on informal markets,
where farmers prioritize availability over price, a critical insight for policy design.

Over the past 17 years, Nepal’s fertilizer supply has remained highly inconsistent,
marked by repeated fluctuations rather than steady growth. Although supply
increased during several periods, these gains were often interrupted by sharp
declines, most notably the drop from 298,677 MT in FY 2071/72 to 259,061 MT
in FY 2072/73. Such irregularity reflects persistent institutional and logistical
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weaknesses in maintaining a stable fertilizer supply system, a concern also
highlighted by Panta (2018) as illustrated in Figure 3.
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Figure 2. Province-wise estimation of fertilizer demand for cereals in Nepal
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Figure 3. Fertilizer supply trend of Nepal over 17 years (FY 2061/62—
2077/78)

This study confirms that Nepal's fertilizer supply insecurity is driven by structural,
institutional, and policy-level weaknesses, not temporary logistical disruptions.
The persistent demand—supply gap less than half of national needs met officially,
aligns with Gautam et al. (2022), who found that chronic shortages force reliance
on informal markets. The finding that up to 70% of consumed fertilizer may be
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informal (based on expert estimates from officials interviewed) reinforces this
structural dependency.

Institutional structure and supply trends

An analysis of fertilizer distribution trends from FY 2061/62 to FY 2077/78, as
presented in Figure 4, underscores a persistent reliance on a duopolistic state
structure, with AICL serving as the primary provider and STCL playing an
auxiliary role. The pronounced year-on-year volatility observed throughout this
period highlights an inherent lack of procurement resilience and suboptimal
institutional responsiveness to demand surges. By maintaining a highly
centralized distribution framework, the system suffers from strategic inflexibility;
this concentration exposes the national supply chain to critical failure points,
including administrative bottlenecks, import interruptions, and recurring
coordination deficits.
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Figure 4. Fertilizer supply trend of AICL and STCL (FY 2061/62-2077/78)
Provincial-Level Distribution Inequities

Table 1 summarizes province-wise fertilizer supply status in Nepal during FY
2020/21. A one-way ANOVA revealed significant inter-provincial differences (p
< 0.001) for urea, DAP, MOP, and total fertilizer supply. Madhesh Province
received the highest total allocation (108,978 MT), followed by Lumbini and
Bagmati, reflecting larger cultivated area, intensive cereal production, proximity
to the Indian border, and better road connectivity. In contrast, Karnali Province
received the lowest total supply (4,011 MT), indicating persistent geographical
and logistical constraints. Across all provinces, urea accounted for the largest
share of fertilizer supply, followed by DAP and MOP.
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Farmer-level access and affordability constraints

The survey revealed important farmer-level constraints related to fertilizer access,
affordability, awareness, and informal market use (Table 2). A large majority of
respondents (86%) reported untimely access to fertilizers, indicating recurring
seasonal delays in supply. Limited availability from AICL and STCL outlets was
identified as the principal constraint, whereas transportation was considered less
problematic due to Kathmandu Valley’s relatively favorable market access.

Table 1. Fertilizer supply status (MT) by Province in Nepal, 2020/21

Province Urea DAP MOP Total cv
(MT) (MT) MT) (MT) (%)
Koshi 38,332 20,871 1,917 61,120 20.79
Madhesh 62,033 44,321 2,624 108,978 22.33
Bagmati 42,731 19,191 2,118 64,040 13.30
Gandaki 8,693 3,973 387 13,053 24.95
Lumbini 55,098 33,096 1,719 89,913 12.79
Karnali 2,482 1,427 102 4,011 21.54
Sudurpaschim 18,200 10,461 666 29,327 21.96
F-value ok ok ook ok
p-value <0.001 <0.001 <0.001 <0.001

*Note: *** indicates highly significant at o = 0.001. CV: Coefficient of variation

It is important to note that the farmer-level data presented here reflects conditions
in the Kathmandu Valley, the institutional hub of the distribution system. While
these findings highlight systemic access constraints at the administrative center,
they may not represent the more severe challenges faced by farmers in remote hill
or Terai regions. Despite subsidy support, 74% of respondents considered
fertilizers expensive overall. Urea (NPR 25 kg™') was generally perceived as
affordable, whereas DAP (NPR 57 kg™') and MOP (NPR 44 kg™') were widely
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viewed as costly. This price differential may encourage imbalanced nutrient use,
with greater reliance on nitrogen relative to phosphorus and potassium.

More than one-quarter of respondents (28.3%) were unaware of the government
subsidy program, suggesting gaps in farmer outreach and extension
communication. Among farmers using informal channels (n = 38), better
availability during planting season (68%) was the main reason for purchase,
followed by reduced paperwork or rationing (45%) and access to dealer credit
(32%). Only 18% cited lower price, indicating that timely availability was more
important than cost savings. The institutional governance of fertilizer distribution
explains these deficits. The 2009 subsidy reintroduction, while intended to protect
farmers, created a non-competitive market that stifled private investment. This
outcome consists of Shrestha (2010) and Raut and Sitaula (2012), who
documented how subsidy-driven price controls made private competition
impractical. The AICL/STCL duopoly, handling nearly all
distribution, lacks operational flexibility and accountability.

subsidized

Table 2. Farmer-Level Access, Affordability, Awareness, and Informal
Market Use (n = 60)

Category Indicator Result
Access & Availability Untimely access 86% of farmers
Procurement sources AICL  (23), Distributors (20),

Agro-vets (17)

Main access constraint
supply from AICL/STCL

Purchasing power due to limited

Other issues Quality concerns: moderate

Transportation: Accessible

Affordability Farmers finding fertilizers | 74%
expensive
Urea price perception NPR 25/kg — Affordable
DAP price perception NPR 57/kg — Expensive
MOP price perception NPR 44/kg — Expensive
Resulting behavior Imbalanced nutrient application
Awareness Unaware of subsidy program 28.30%
Informal Market Use | Better availability during planting 68%
(n=38) No paperwork/rationing 45%
Credit availability 32%
Lower price 18%
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Distributor-level challenges

Based on semi-structured interviews with 15 distributors and cooperative input
dealers in the Kathmandu Valley, delayed procurement from AICL and STCL
emerged as the most frequently cited operational challenge. Respondents reported
uncertainty in stock release schedules, limited seasonal allocation, and
administrative delays that disrupted retail planning. Transportation and local
distribution mobility were the second most common constraints, particularly
during peak demand periods. In contrast, most respondents considered the
physical quality of government-supplied fertilizers satisfactory. Several
distributors recommended streamlining procurement procedures and exploring
domestic fertilizer production to reduce dependence on imports.

Qualitative themes explaining fertilizer supply constraints

Thematic analysis of key informant interviews (KII) and focus group discussions
(FGD) generated four recurring themes that help explain the quantitative findings
presented in Tables 1 and 2. These themes clarify why fertilizer shortages persist
despite subsidy support.

Theme 1: Procurement Delays and Administrative Bottlenecks. Respondents
from public agencies consistently described lengthy tendering, budget approval,
import processing, and customs clearance as major causes of delayed fertilizer
arrival. Several officials noted that procurement timelines frequently extended
beyond the main planting season, supporting survey findings on untimely farmer
access One respondent noted, “By the time approval is completed, the planting
season may already be over.”

Theme 2: Allocation Inequity and Political Influence. Cooperative
representatives and farmers reported that local allocation decisions were not
always perceived as transparent. Some respondents believed political connections
influenced access priority, which may contribute to unequal local distribution.
Several respondents perceived local allocation as inconsistent and politically
influenced. One cooperative member stated, “Those with connections often
receive fertilizer first.” This suggests trust deficits in local distribution systems.

Theme 3: Storage and Cooperative-Level Management Constraints.
Interviewees identified inadequate warchouse facilities, poor stock handling, and
weak inventory management at some cooperative outlets. Such constraints were
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reported to reduce fertilizer quality and availability during peak demand periods.
An AICL official noted that many cooperatives lack basic storage facilities,
resulting in improper exposure of fertilizer to environmental conditions:
“Fertilizer bags are left in the open, exposed to rain. By the time farmers receive
it, the urea has caked and the DAP has lost potency” (KII-AICL-07). This reflects
operational deficiencies at the last-mile distribution level that may reduce input
effectiveness.

Theme 4: Farmer Coping Responses. Farmers described adaptive responses
including reduced fertilizer application, crop switching, delayed planting, and
purchases through informal markets. These responses indicate that uncertainty in
official supply directly affects farm productivity and decision-making. One
farmer stated, “It costs more, but at least we get it when needed.”

Core institutional pathologies

Applying Ostrom’s Institutional Analysis and Development (IAD) framework,
the fertilizer governance system in Nepal exhibits four interlinked institutional
pathologies. First, in the action situation, procurement cycles (8—11 months) are
misaligned with agricultural planting seasons, leading to recurrent seasonal
shortages. Second, at the level of actors, a duopoly of state-owned enterprises
(AICL and STCL) dominates the system, while private sector participation
remains constrained, reducing competition and responsiveness. Third, within
rules-in-use, subsidy allocation favors state agencies, with weak performance-
based accountability or incentive mechanisms. Finally, these conditions result in
persistent outcomes, including an estimated 50% demand—supply gap, ~70%
reliance on informal markets, and uneven provincial distribution. Fertilizer
importation is concentrated through three customs points—Bhairahawa,
Biratnagar, and Birgunj—via global tenders or government-to-government
procurement. After entry, prices are administratively fixed following subsidy
adjustment, and distribution proceeds through AICL/STCL depots, cooperatives,
and agro-vet networks. Farmers bear additional costs for transport and handling
at the final stage.

Figure 5 illustrates this institutional supply chain structure. It depicts a system
where procurement and pricing remain centralized, while distribution becomes
progressively layered and weakly coordinated downstream. This fragmentation
generates cumulative delays, reduced accountability, and leakage into informal
fertilizer markets. The institutional pathologies identified in this study
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procurement latency, centralized decision-making, and systemic information
asymmetry are structural governance failures that originate at Kathmandu.

Provincial supply patterns reveal systemic imbalances. The disproportionate
supply of urea over DAP and MOP (p < 0.001) reflects a long-standing nutrient
imbalance, consistent with Chakraborty et al. (2024) findings on widening
phosphorus and potassium gaps. Madhesh Province's higher supply corresponds
with cultivated area, infrastructure, and border proximity, but the significant
variation across provinces indicates weak federal-provincial-local coordination,
supporting Mishra and Paudel (2023). Farmer-level evidence demonstrates the
consequences of institutional failure. The 86% reporting untimely access and
reliance on informal sources at higher prices reflects chronic systemic failure. The
28% unawareness of the subsidy program indicates critical extension service
failures. Farmers' primary reason for using informal markets better seasonal
availability rather than price suggests that supply timing is more critical than
subsidy levels. This finding has important policy implications: improving
logistics may matter more than increasing subsidy budgets. Distributor challenges
procurement delays from AICL/STCL as the most severe constraint align with
Raut and Sitaula (2012).

* GTG Negotiations

= Bhairahawa, Biratnagar, Birgunj
and other Customs are the Entry
points.

Import

Done at entry points.

Price Fixation Subsidy is deduced from cost price.

* Sector wise tender

Transportation . X
P + Done with private transporters.

From depots of AICL and STCL

To cooperatives, wholesalers and
retailers.

Finally to the farmers, after adding
local transportation cost to cost price
from AICL and STCL

Distribution

Figure 5. Flow chart of chemical fertilizer supply system in Nepal

Valley's administrative hub. By isolating these bottlenecks at the source, we
identify root causes that manifest across the country. Thapa et al. (2019) argued
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that Nepal's crisis is fundamentally a policy and governance issue, a conclusion
strongly supported here. Applying Ostrom's IAD Framework: Nepal's Fertilizer
Governance with explicit mapping of framework components to empirical
findings reveals that the current institutional arrangement creates perverse
incentives. The duopoly faces no competition, procurement rules favor
bureaucratic processes over seasonal responsiveness, and no performance metrics
link institutional behavior to farmer outcomes. The result is a system that reliably
produces shortages.

CONCLUSION AND SUGGESTIONS

This study demonstrates that Nepal’s fertilizer crisis is driven not by mere supply
shortages, but by structural failures (weaknesses) in governance, procurement,
and distribution. Despite increased subsidy allocations, the system remains
constrained by persistent demand—supply gaps, procurement delays averaging 8—
11 months, and inequitable access. The centralized duopoly of AICL and STCL
has constrained systemic efficiency, limited market competition, and stifled
private sector agility. Empirical evidence confirms that the disconnect between
policy intent and field-level reality is rooted in a rigid institutional architecture,
which this study has diagnosed as a failure of institutional design rather than
failure of agricultural inputs. It has been suggested for a reform at Palika-level
forecasting, integrating real time digital audit tools for stock and visibility, and
introducing regulated competition by enabling vetted cooperatives and private
entities to participate in the supply chain. That may ensure transition of Nepal’s
fertilizer system toward a more responsive, equitable, and resilient structure.
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ABSTRACT

Panchagavya is a traditional liquid formulation which has been used since Vedic
period for medicine and ecosystem health in Indian subcontinent. This study
evaluated the dynamics in its physical characters (texture, colour, odour,
temperature, EC and pH), chemical characters (macro- and micro- plant
nutrients), and biological characters (organic matter, bacteria, fungus and
actinomycetes) in its preparation and subsequent storage stage. Objective of the
study was to prepare New Panchagavya following a standard protocol with some
change in substitution of ingredient with locally available materials; and analyzed
the New Panchagavya to find out days of maturity and expiry. New Panchagavya
was sampled from 17" to 81" DAM in a regular interval bought for physical
(odour, colour, texture, temperature, EC and pH) test, chemical test (macro and
micro nutrients: P, K, Ca, Mg, Fe, Zn, Cu and Mn) and biological (organic matter,
Bacterial, Fungi and Actinomycetes loads) analysis. Three quality windows were
observed. The New Panchagavya 17-22 DAM was found with maximum
nutrients and microbes while 36-51 DAM was with balanced nutrients and stable
biological characteristics and 51-81 DAM was with highest humic substances and
persistent microbes. The 17-22 DAM best suited for early growth period of crop.
36-51 DAM is a sustained growth period and 51-81 DAM is good for mature
flowering and fruiting plants to control the pest attach and provide resistance to
the diseases. The study concluded as a match application of Panchagavya should
be made with timing to crop development and need.

Keywords: Ayurvedic agri-input, formative day, microbial dynamics, nutrient
dynamics, stock period
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INTRODUCTION

Green revolution fed the large population but ruined the soil health and ecosystem
(Shiva, 1991). Consumer are now more concerned about finding safe and
environmentally friendly products produced using novel farming techniques.
Many indigenous farming techniques have been found to be in par with modern
techniques. One such technique is the use of ancient cow-based amendment called
Panchagavya. The term "Panchagavya" stems from Sanskrit, where "Panch"
translates to five, and "gavya" implies cow-derived products such as cow dung,
cow urine, cow milk, cow ghee, and cow curd. Panchagavya, the combination of
these five ingredients creates a potent blend with diverse characteristics such as
nutrient-rich, antimicrobial, purifying, and nourishing properties(Khanna et al.,
2025). This makes Panchagavya a versatile substance that can be used in
agriculture, Ayurveda, and spiritual practices for promoting environmental
sustainability, well-being and health.

Vedic and Cultural Background

Panchagavya, a traditional formulation of Bharat Varsha (the Indian
subcontinent), is believed to have originated from the wisdom of Maharshi
Dhanvantari and has been valued for its spiritual, medicinal, and agricultural
significance since ancient times. The Rig Veda and Atharva Veda describe the
sacredness of cows and the use of cow products in rituals and healing practices
(Batra, 1986), while the Puranas and Dharma Shastras (1st century BCE—6th
century CE) emphasize nature-based agricultural traditions. Classical Ayurvedic
texts, including the Charaka Samhita, Sushruta Samhita, and Ashtanga Hridaya,
document the therapeutic uses of cow urine, dung, milk, and ghee (Balakrishnan
and Shukla, 2018);(Chandra, Geetha and Vidyanath, 2021) . Likewise, ancient
agricultural texts such as the Krishi Parashara and Nighantu Sangraha
recommend cow products for improving soil fertility, crop growth, and plant
protection (Chaudhary, Darji and Kachchhava, 2025); (Knapp, 2005). These
historical records demonstrate that Panchagavya has long served as an integral
component of the cultural, medicinal, and sustainable agricultural heritage of
India and Nepal, where its ritual and practical uses continue today (Valpey, 2019).

Table 1 provides the detailed characteristics of each gavya (component) of

Panchagavya (Khanna, Bajracharya and Rinu Karmacharya, 2018; Rawal ef al.,
2024). In Vedic rituals and ceremonies, Panchagavya is used as a sacred offering
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to deities and is believed to purify the environment and bring positive energy. It
is also used in traditional practices like Agnihotra (fire ritual) for spiritual
purification and healing (Abhang and Pathade, 2017), (Kaushal, 2025)). These
ancient references to Panchagavya reflect the deep-rooted cultural, spiritual, and
agricultural significance of cow products is a part of traditions for centuries and
continues to be valued in contemporary times for sustainable living and well-
being (Khanna, 2016).

Time immemorial this miraculous liquid has been used in the health and farm of
the Indian continent. It is the single organic input that can act as a fertilizer,
pesticide, growth promoter, and immunity booster for plants. It has demonstrated
its potential to serve humankind in the dilemma of a sustainable agro-ecosystem

and food production.

Table 1. Five components (gavya) of Panchagavya and their properties

Cow Dung Cow Urine Cow Milk Cow Ghee Cow Curd

(Gomaya) (Gomutra) (Ksheera) (Clarified (Dahi)
Butter)

Nutrient-rich: Antimicrobial: | Nutritious High in Probiotic:

such as nitrogen, fights off :rich source antioxidants: | improve

phosphorus, and harmful of protein, boost digestion.

potassium, which | bacteria and calcium, immunity Cooling: reduce

are essential for viruses. vitamins, and | and fights inflammation.

plant growth. Detoxifying: minerals free radicals. | Rich in calcium:

Antibacterial promote Nourishing: Digestive which are

properties: overall health | growth, and aid: improve | essential for

contains beneficial | and well- overall nutrient plant growth.

bacteria that help being of body. | vitality. absorption

in breaking down Insect Soothing- Nourishing:

organic matter and | repellent: use cooling: sattvic food

improving soil for protecting | reduce that for body

health. plants from inflammation | and mind.

Purifying: cleanse | pests. or acidity.

the environment used in

and neutralize Ayurveda

negative energies

Its traditional roots and modern applications underscore the significance of this
ancient remedy as a remarkable gift to humankind. While traditional knowledge
lauds the benefits of Panchagavya, efforts such as the Scientific Validation and
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Research on Panchagavya (SVAROP) program in India are initiated to
substantiate these claims through modern scientific validation (Bajaj et al., 2022)

Rediscovery of Panchagavya for agricultural use

Professor (Natarajan, 2002) formally brought modern Panchagavya where he
added several herbs such as jaggary, banana, tender coconut, and water besides
all five gavyas (Selvaraj et al., 2007). Panchagavya is used as a natural fertilizer
and pesticide. It helps improve soil fertility, enhance plant growth, and protect
crops from pests and diseases (Varsha and Thamaraiselvi; Varsha and
Thamaraiselvi, 2025). Farmers use Panchagavya as an organic alternative to agro
chemical, promoting sustainable and eco-friendly farming practices(Srinivasan
and Aithal, 2025). In modern time research has revealed the optimal efficacy is
observed with a 3% solution of Panchagavya, and recommended for various
applications such as spray systems, seed treatments, and irrigation water
mixing(Kumar ef al., 2025). It acts as a viable growth promoter and immune
booster for plant systems, aiding in enhanced flowering, fruit quality, and shelf
life (Selvaraj and Rana, 2025).

Scientists have detailed the experimentations of the product and tried to validate
composition, physical, chemical, and biological behavior, and response in
agricultural use. Still there is much of an immense need for scientific efforts to
validate the standard formulation process, characterization, authentication, and
use in Agriculture agroecosystem. This study is also an attempt to substitute the
ingredient prescribed by Professor (Natarajan, 2002) with suitable but locally
available ingredient ()and formulate New Panchagavya. Tender coconut water is
a rear herb for land locked hill country like Nepal. Tender coconut water can be
substitute with locally available herb like aloe vera gel. Instead of yeast with
marcha (sourdough) can be used. Tender coconut water contains growth factors
which stimulate the growth of microorganism (Naik et al., 2022). Similarly
Aleovera increases the population of growth-promoting Bacillus sps and
Pseudomonas sps in soil (Jaramillo ez al., 2025); such Indigenous microorganism
enhanced the phosphorous content of organic cow manure(Novia et al., 2025) It
also inhibit the gram positive bacteria and make safe use in agriculture(Danish ez
al., 2020). Marcha a traditional starter to make home based alcohol by several
ethnic community in Nepal (Sharma et al., 2019) is used since it holds many yeast
strain some are high amyolytic and some produces ethanol (Tsuyoshi et al., 2005).
In this experiment marcha from Tamang community is used. This marcha have
multi species of yeast, Saccharomyces sps, and non-Saccharomyces, amyolytic
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yeast and bacteria Bacillus sps and mold aspergillus sps (Karmacharya et al.,
2024). Objective of the study is to identify the quality of the product and its
maturity and expiry days. This finding will make the Panchagavya as a potent
agricultural input which can be scientifically prescribed for nontoxic farming. If
this product can substitute agro-chemical use, tremendous resource, money and
fuel not only saves but the pristine hill farm from ill of chemicals contamination
(Wangchu et al., 2024). While Panchagavya is widely used, no systematic study
has tracked its physical, chemical and biological properties over time using a
locally adapted formulation. This study therefore tested the hypothesis that New
Panchagavya exhibits distinct quality during formulation and storage period. The
results of this study could be used to identify the correct timing of application of
Panchagavya for different use case.

MATERIALS AND METHODS

Formulation of New Panchagavya

A modified Panchagavya formulation was prepared by replacing tender coconut
water with locally available aloe vera gel and yeast with marcha (traditional
sourdough starter), while following the standard preparation protocol described
by (Natarajan, 2002). The experiment was conducted at the Aquatic Ecology
Laboratory, Kathmandu University, Dhulikhel. Fresh cow dung and cow ghee
were thoroughly mixed in a clean, sterilized, sun-dried, wide-mouthed plastic
bucket on first day of mixing (DAM) and ilet it formented for three days. On the
fourth DAM cow urine, cow milk, curd, jaggery, ripe banana, aloe vera gel, and
marcha were added(Plate 1). The mixture was stirring twice-daily (12 clockwise
and 12 anticlockwise rotations). while letting furthure fermention under aerobic
conditions for 15 DAM. On 19 days 30 lit of New Panchagaya was measured , if
a litere of panchgavya should be made the ingredients needed is calculated in
Table 2.

This final product with new locally available ingredients is called a new
Panchagavya and was stored further for 90 DAM (days of mixing). Throughout
the period of preparation and storage the bucket was covered with a thick cotton,
placed in shade to protect it from insect, rodent, rain and sun light, stir 12 time
clock-wise and 12 time anti clock-wise direction twice a day with a wooden stick
as the metal contact was prohibited. We collected 300 ml sample at day 17, 18,
19 20, 21, 36,51,61,71 and 81DAM in a sanitized plastic bottle and stored at the
Aquatic Ecological Laboratory and Microbiological Laboratory of Kathmandu
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University, Dhulikhel, Nepal for further analysis. Physical characteristics colour,
odour, texture and temperature were instantly observed, felt and measured with
temperature probe. EC meter and pH probe used to measure the salinity, acidity
of Panchagavya samples.

Plate 1. Panchagavya preparation in Lab

Table 2. Proportion of New Panchagavya

SN | Ingredients Quantity (30 lit) 1 lit
1 | Dung Skg 97ml
2 | Ghee 1 kg 42 ml
3 | Urine 3 1it+10 lit water 503ml
4 | Milk 2 lit 77ml
5 | Curd 2kg 75ml
6 | Jaggary 100 g+1 It water 39ml
7 | Banana 2 dozen 46ml
8 | Aleo vera Juice 3 lit 116ml
9 | Marcha 100 g+1 1t water 7ml

Total Nitrogen is measured by Kjeldahl method, in which wet oxidation procedure
is followed, available phosphorous is measured by Vanadomolybdate phosphoric
yellow colour methods and Potassium by Flame photometry methods (Jackson,
2005). We estimated Ca, Mg , Fe, Zn, Cu and Mn by the use of Atomic
Absorption Spectrometer(de Oliveira, Raposo Jr and Neto, 2009). Organic matter
was quantified by using dry combustion method (Nelson and Sommers, 1996).
Microbial loads was calculated from colony count methods (Waksman, 1922). A
Serial jump dilution technique is performed for the dense Panchagavya solution
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into a more usable concentration. Fermentation dynamics was studied by using R
programming (R Development Core Team, 2023). Nutrient dynamics during
storage stage can be extrapolated to understand the usable shelf-life of the quality
product.

RESULTS AND DISCUSSION

Physical Properties of Panchagavya

Temperature, EC, pH, recorded during formative stage and storage stage is
expressed in (Figurel). Temperature raised (24°C) in formative stage stabilized
around ambient (22°C) throughout storage stage (Figure 1.a). EC showed notable
fluctuations (19.15 to 9.65 dS/m), suggesting active solubilization and
mobilization of mineral salts, followed by microbial utilization (Figure 1.b). pH
drops acidic (Figure 1.c) in formative stage (during 17, 18, 19 20 and 21 DAM)
but in later rises high towards neutral (4.7 to 6.2)

preparation storage .
20000 preparation storage
15000
225
g
g o
g £ 10000
&
220
5000
'_)__.__.//‘———c
17 18 19 20 21 40 50 60 70 80 17 18 19 20 21 40 50 60 70 80
Days After Mixing (DAM) Days After Mixing (DAM)
Figla: Temperature Figl.b EC
preparation storage
6.0
55
5.0
17 18 19 20 21 40 50 60 70 80
Days After Mixing (DAM)
Fig 1.c pH
Figure 1. Physical properties dynamics of preparation vs storage stages of
Panchagavya
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In formative stage microbial metabolism perhaps generated heat which created a
positive feedback loop (Cao ef al., 2025) thus a balanced fermentation complete
without overheating. Thus, a self-regulating fermentation is possible for a
homemade Agri-input. Nutrient cycling during Panchagavya formulation (Ali et
al.,2011) indicated direct relationship between ions (NH4", NOs~, K*, PO4*", Ca?*,
Mg?*, lactate, acetate”, citrate®) and conductivity (Miller and Curtin, 2006)
(Figure 2). A Strong correlation between EC peak (9.65 dS/cm) and Nutrient peak
is observed. Thus, EC can be a simple field monitoring tool to examination of
maturity of the Panchagavya. Succession of microbes from early-stage
acidogenic to later-stage fermenters(Chakraborty and Sarkar, 2019); (Gore and
Sreenivasa, 2011), which stabilize the medium toward near-neutral conditions
which make the Panchagavya best for application on plants.

Qualitative parameter such as Colour, odour and texture (Table 3) assist to
confirm the fermentation progress. The color shifted from greenish-brown to
seaweed brown, while the odor remained fruity/pleasant throughout, signifying
healthy microbial activity without putrefaction. The slimy texture was consistent
with biofilm-forming microbial consortia. These parameters indicate that the
preparation reached a stable, mature state by 20 days, which is suitable for
agricultural use.

Table 3. Physical Characteristic of Panchagavya

SN DAM Colour Odour Texture

1 17 Greenish brown Fruity smell Slimy

2 18 Greenish brown lighter Fruity smell Slimy

3 19 Sea-weed brown Fruity smell Slimy

4 20 Sea-weed brown Fruity smell Slimy

5 21 Sea-weed brown Fruity smell Slimy

6 36 Sea-weed brown Fruity smell Slimy finer
7 51 Sea-weed brown Pleasant smell Slimy finer
8 61 Sea-weed brown Pleasant smell Slimy finer
9 71 Sea-weed brown Pleasant smell Slimy finer
10 81 Sea-weed brown Pleasant smell Slimy finer

There was no foul odor which indicated the putrefaction, no dark or blackish color
or no sharp EC drop at storage stage. This shows that the product was very fresh
up to 81 DAM. Farmer can safely use the quality Panchagavya for three months
from date of preparation, which cover a season of crops, in 22 °C aeration with
stirring and storage condition of laboratory.
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Chemical properties of Panchagavya

This section, discuss the dynamic of macronutrients (N, P, K, Ca and Mg) and the
micronutrients (Fe, Zn, Cu and Mn) of Panchagavya during preparation and
storage phases (Figure2).

Macronutrients in Panchagavya

Primary macronutrient such as N, P, K and secondary macronutrient such as Ca,
Mg in Panchagavya was analyzed during formulating and in its storage stage
(Figure 2). Nitrogen (N) slowly increases day by day up to 19 DAM and shoot
up (1300mg/ L) but stabilized (1230 mg/L) on 21 DAM till 50 DAM then slowly
decrease (Figure 2.a) till the 90 DAM (1040 mg/L). Phosphorus (P) remained
moderate fluctuations (106 to 145 mg/L) but got highest in 20 DAM during
formative phase. P concentrations remarkably rises (117 to 291 mg/L) from 40 to
50 DAM, continue to fluctuate (150 then 250 to 180 mg/ L) in storage stage too
(Figure 2.b). Potassium (K) very stable till 19 DAM and make highest
concentration in 20 DAM (816 mg/L), and shown vey insignificant fluctuations
during storage (Figure 2.c). Calcium (Ca) increases very slowly make highest in
20 DAM (152.0 mg/L) remain stable till 70 DAM and tend to decrease (151.0
mg/L) by 90 DAM (Figure 2.d). Magnesium (Mg) fluctuate insignificantly (47.1
to 47.2 mg/L) (Figure 2.e). High amount of N, reflect intense microbial
mineralization of proteins and urea from dung, urine, and milk products. 45% N
loss from peak (0.63%) to late storage (0.34%) might be due to volatilization,
denitrification, immobilization mechanism over prolonged storage (Gore and
Sreenivasa, 2011). For maximum N efficiency Panchagavya should be used
within 30-40 DAM. This window is the growth period of plant where nitrogen is
most wanted. Temperature and pH both influence N loss rate (Zhang et al., 2021)
, longer the storage more the loss of N. Continued microbial solubilization and
re-mineralization cycles (Perumal et al, 2006) might be due to active
solubilization by phosphate-solubilizing microbes in the fermenting medium
(Subhashini, 2016). The pH decline in formative stage due to microbial acid
production (Tariq et al., 2023), which enhances P and micronutrient solubility
(Khan et al., 2009), and reduces N volatilization losses (Gan et al., 2025). Here
pH acts as master control variable. A comparison of both stages highlights that
preparation stage Panchagavya provides a more dynamic nutrient profile, with
readily available N and P that support vigorous vegetative growth and root
establishment in vegetable crop, thus best suited for a foliar nutrient spray
(Subhashini, 2013). In contrast, stored Panchagavya ensures nutrient stability (K,
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Ca, Mg) but with reduced N (16.2%) and increase P (60.20%) availability (Table
5), making it more suited to support flower, fruit setting and stress tolerance.
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Figure 2. Macro-Nutrient (mg/L) Dynamics of Preparation vs Storage
stages of Panchagavya
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Table 4. Macro-Nutrient peaks and loss during storage

. Peak Storage Storage End Change in Storage
Nutrient DAM Peak Value (mg/L) (SI?;L) (mg/L) %)
N 20 1300 1226 1028 -16.2%
P 20 145.1 117.7 188.6 60.20%
K 20 816 815 816 0.10%
Ca 20 152 152 151.8 —0.1%
Mg 20 47.2 47.2 47.1 -0.2%

Micronutrients in Panchagavya

Dynamics of micronutrient such as Fe, Zn, Cu and Mn of Panchagavya was
analyzed during the formative stage and storage stage (Figure 3). Iron (Fe)
gradually increased (29.12 mg/L) by 20 DAM. Stabilized for the period of three
weeks and remain same for the period of 90 DAM (Figure 3.a). Zink (Zn) is
present in Panchagavya throughout the period of formation till storage (Figure
3.b) with minor fluctuation (1.76 to 1.77 mg/L). Cupper (Cu), fluctuate in both
the stage, slightly declining (2.5 to 2.2 mg/L) in preparation stage and slightly
increased (2.4 to 2.5 mg/L) during the storage (Figure 3.c). Manganese (Mn) rose
(1.6 to 2.2 mg/L) steadily during preparation and still raises up to (2.2—2.4 mg/L)
during storage stage (Figure 3.d).

All micronutrients Fe, Zn, Cu and Mn too peak together at 19 DAM, perhaps
might be due to microbial organic acids. Acidic pH maximizes solubility of Fe,
Mn, Zn, Cu solubility (Gondal et al., 2021). Thus, Panchagavya is a micronutrient
chelate source. Chelation improves absorption and utilization of essential nutrient
in various organism, leading to better health and productivity in plants. Fe help to
prevent chlorosis in plant, Zn ensure hormone regulation, auxin synthesis, pollen
viability, flowering, fruiting and the seed development, Cu remains adequate for
enzyme activity and lignin formation, enhancing resistance to pathogens, plant-
available Mg forms contributes to photosynthetic activity and nitrogen
assimilation (Somasundaram and Amanullah, 2007) This readily available
micronutrient ensures uniform growth, continuous chlorophyll activity, and better
fruit development throughout the cropping. Thus, Panchagavya is best suited for
a foliar nutrient spray or drenching. A comparison of both stages highlights that
both preparation and storage stage Fe and Mn raise till §1 DAM, whereas Zn and
Cu fluctuate and still remain in same quantities for the period of 81 DAM. Thus,
extrapolation suggests the Panchagavya can be safely store up to 90 days in shade
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Figure 3: Micro-Nutrient (mg/L) Dynamics of Formation vs Storage stages

of Panchagavya

Biological Properties of Panchagavya

Dynamics of organic matter (OM), and microbial loads such as bacterial colony
count (BCC), fungal colony count (FCC) and Actinomycetes colony count (ACC)
of Panchagavya was analyzed during formation stage and in its storage stage
(Figure 4). OM rose rapidly (Figure 4.a) till 19DAM (31.16% to 150%), with
some fluctuation fall down and almost exhaust by 60 DAM (8%). BCC in
Panchagavya increases up by 20 DAM (11X10'°CFU/ml), sudden burst on
21DAM (35X10'°CFU/ml) and slowly decline through Storage period, remain
good amount of bacteria 20X10'°CFU/ml by 81DAM (Figure 4.b). Good FCC
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(18X10"'CFU/ml) observed on 17DAM, and a regular raise up to
28X10''"CFU/ml by 19 DAM (Figure 4.c), then continue to decline for a while
and make up by 60 DAM which further lower down in (13X10''CFU/ml) late
storage phase. ACC increase very slowly in initial days of formulation
(2X103CFU/ml to 5X103CFU/ml). Actinomycetes shoot up on 60 DAM
(20X103CFU/ml) then slowly reduce during Storage period (Figure 4.d) still
remain (15X10°*CFU/ml) in 81 DAM.
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Figure 4. Organic matter % and microbial loads (CFU/ml) dynamics of
Panchagavya during formation vs storage stages

The biological profile of the Panchagavya mixture shows three oligotrophic
conditions and clear Microbial Successions. a rapid rise in organic matter and
microbial counts during the formulation. Phase 1 (17-22 DAM) where r-strategist
bacteria dominate. Phase 2 (22-36 DAM) K-strategist fungi/actinomycetes
increase. Basal metabolism maintains populations without growth. Phase 3 (51-
81 DAM) Recalcitrant OM provides slow-release carbon source for Climax
community and acidic pH prevents competitor invasion (Brant, 2005). Initial OM
is Labile substrates produce rapid acid and pH tends to decrease (Chen et al.,
2012), final OM is Recalcitrant humic substrates (stable form), is slow in acid
production (Marschner et al., 2008).
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This multiple biological and chemical transformation are depicted by change in
colour of Panchagavya. (Nursten, 2005), explained Millard reaction where three
processes intensify with time and microbial activity. Amino acids and sugars
changed to melanoidins which is brown in colour. Humification occurs where
microbial enzymes give humic acids which is dark brown in colour. Phenolic
oxidation where polyphenol oxidase changes to quinones which is brown in
colour. All the phases offer different benefits to plants and soil. Early
Panchagavya is good for nutrient amendment and late Panchagavya is best for
soil conditioning.

CONCLUSION

Panchagavya evolves through three quality windows. The product can be stored
for up to 81 days under the conditions tested. Stored product should be matching
the application with timing to crop need. Early window for vegetative growth,
later window for flowering/fruiting. Extended store of Panchagavya may lose its
quality, thus it should be used before its drops.

There was potential variability due to seasonal/ regional differences in raw
materials and cow product.

RECOMMENDATIONS

The results of the study were drawn within certain limitations, which should be
corrected in future experiments.

1. Sample from late formative stage (17, 18, 19, 20, 21 DAM) was taken
every day. But sample during storage stage was measured on the day of
Panchagavya used for the crop, where the gaps were 10-15 days. It is
now realized that the analysis for formative and storage sample data gap
are too short and too large. For future experiment it is recommended to
omit this limitation by giving equal interval of 3-5 days.

2. Single sample was analyzed due to resource constraint. It is
recommended for future experiment to collect sample in duplicate or
triplicate.

3. Soil and crop response of Panchagavya application should be addressed
in future work.

4. Multiple experiments on scientific validation of this formulation has to
be conducted in future.
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5. The cow product may differ based on breeds of cow as well. It can be
addressed in future experiment.
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ABSTRACT

Native forage grows naturally on bunds, marginal lands, forestland, swampy land,
terrace riser, barren lands and cultivated lands are resilience to environmental
stresses such as drought, floods and diseases and are palatable and nutritious to
different types of animals. This study was conducted at the Cattle Genetic
Resource Center (CGRC) in Jiri, Dolakha, to identify and evaluate native forage
species for ex-situ and on-farm conservation, by establishing field gene bank, and
potential registration of land races. The study was done by using key informant
interview, focus group discussions (FGDs), and field surveys. Quadrat sampling
was used to assess the preliminary status of production potential of native forage
species. Laboratory analysis was conducted to determine their nutrient
composition. Based on information obtained from the KlIs and FGD, 14 native
forage species such as Furke (Arundinella nepalensis Trin.), Kharuki
(Capillipedium assimile), Jere Banso (Setaria pumila), Kurkurae (Equisetum
ramosissimum), Amrisho (Thysanolaena latifolia), Halhale (Rumex nepalensis
Spreng), Sama (Echinochloa colona), Chatre (Cyperus compressus), Siru
(Imperata cylindrica), Narkat (Phragmites australis), Majito (Rubia manjith),
Dubo (Cynodon dactylon), Kash (Saccharum spontaneum) and Ghogae
(Sporbolus fertilis) were documented. Among these, Furke, Kharuki, Jere Banso
and Amrisho were identified as the most promising species for the local
agroclimatic conditions. The forage yield of native forage species ranged from
1.54 to 8.48 t/ha, crude protein content ranged from 6.56 to 9.64 percent and
energy content ranged from 3871.22 to 4028.32 kcal/kg. The greater number of
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native forages should be identified along with the production potential and
nutritive value.

Key words: Nutrient composition, forage yield, production potential, passport

INTRODUCTION

Nepal is rich in biodiversity and ranks the 49" in the world for biodiversity.
Among 24,300 total species in the country, 28% are agricultural genetic resources
(AGRs), termed as agrobiodiversity which includes 510 both native and cultivated
forage species. Despite this richness, agrobiodiversity loss is substantial,
estimated at around 40% nationally, with farmers in some regions reporting the
complete loss of certain species. Although agrobiodiversity conservation efforts
began in Nepal in 1986, systematic conservation through ex-situ, on-farm, in-situ
and breeding strategies has been implemented since 2010 under the National
Agriculture Genetic Resources Center (National Gene bank). Native forage
species are better adapted to their natural environments, which are resilience to
environmental stresses such as drought, floods and diseases and are palatable and
nutritious to different types of animals. Winter season is the lean period for forage
production in mid hills and animals supply their nutrient requirements from the
locally available grasses. More numbers of native forage species are unidentified
and identified native forage species (NFS), productivity potential and nutritive
value are also not known till date. It is essential to have knowledge regarding their
morphological traits, production potential, nutrient composition, and variability
due to change in sites and season so that their efficient utilization could be
achieved.

MATERIALS AND METHODS

This study was conducted at the Cattle Genetic Resource Center in Jiri, Dolakha,
to identify and evaluate native forage species for in-situ conservation, the
establishment of a field gene bank and potential registration. The study was done
by using key informant interview (KIIs) including 3 participants (senior farmers),
focus group discussion (FGD) including 12 participants (senior farmers, livestock
technicians), and field surveys. The quadrat sampling was used to assess the
preliminary status of production potential of native forage species, and laboratory
analysis was conducted to determine their nutrient composition. For botanical
identification herbarium was sent to National Herbarium and Plant Laboratories,
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Godawari. Identified native forage species were permanently labeled and

protected from livestock grazing and are conserved in Cattle Genetic Resource
Centre, Jiri, Forage Field Gene bank. Orthodox seeds along with passport will be
collected and send to Nepal Genebank for long term conservation.

Figure 1. In-situ conservation of native forage species at CGRC, Jiri,
Dolakh
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Figure 2. Herbarium collection of NFS for botanical identification
RESULTS AND DISCUSSION

Production potential and nutrient content of native forage species

Based on information obtained from the KIIs and FGD, 14 native forage species
(NFS) were documented, including Furke (Arundinella nepalensis Trin.), Kharuki
(Capillipedium assimile), Jere Banso (Setaria pumila), Kurkurae (Equisetum
ramosissimum), Amrisho (Thysanolaena latifolia), Halhale (Rumex nepalensis
Spreng), Sama (Echinochloa colona), Chatre (Cyperus compressus), Siru
(Imperata cylindrica), Narkat (Phragmites australis), Majito (Rubia manjith),
Dubo (Cynodon dactylon), Kash (Saccharum spontaneum) and Ghogae
(Sporbolus fertilis). Among these, Furke, Kharuki, Jere Banso and Amrisho were
identified as the most promising species for the local agroclimatic conditions. The
forage yield of native forage species ranged from 1.54 to 8.48 t/ha (Fig.3), crude
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protein content ranged from 6.56 to 9.64 and energy content ranged from 3871.22
to 4028.32 kcal/kg (Figure 4).
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Figure 3. Production potential of four NFS
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Figure 4. Nutrient composition of four NFS

Availability of NFS in mid hills of Nepal

The most of the native forage species available in the month of May to December
and few are available year-round. Besides, most of the native forage species
flowering at the time of July to September (Table 1).

The production and nutritional evaluation of native forage species in research sites
revealed that native forage species possess significant potential for improving
livestock feeding systems in the mid-hill region of Nepal. The dry matter content
of Furke was 1.54t/ha which was lowered than the 1.90 t/ha as reported by
(KC,2010) while CP was higher 9.64% than the 6.65% as reported by
(KC,20101). The crude protein and energy content of the study native forage
species, ensures their importance in improving dietary protein and energy
availability for ruminants. Establishment of a field gene bank using selected
native forage species provides an opportunity for conserving the germplasms hile
allowing continuous evaluation and utilization under natural field conditions.
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Table 1. Period of native forage species (NFS) availability in mid hills of

Nepal

SN | NFS Botanical name [Flowering months |Available months
1 Furke Arundinella nepalensis Sept-Oct June-Dec

2 Kharuki Capillipedium assimile Aug-Oct May-Dec

3 Jere Banso Setaria pumila July-Sept June-Oct

4 Kurkurae Equisetum ramosissimum Mar-May Year round
5 Amrisho Thysanolaena latifolia Jan-Mar Year round
6 Halhale Rumex nepalensis Apr-June Feb-Sept

7 Sama Echinochloa colona July-Sept June-Oct

8 Chatre Cyperus compressus July-Sept June-Nov
9 Siru Imperata cylindrica Mar-May Year round
10 | Narkat Phragmites australis Aug-Oct Year round
11 Majito Rubia manjith June-Aug May-Nov
12 | Dubo Cynodon dactylon July-Sept Year round
13 | Kash Saccharum spontaneum Aug-Oct May-Dec
14 | Ghogae Sporbolus fertilis July-Sept June-Nov

CONCLUSION

The effective management of native forage species ensures climate resilience,
biodiversity conservation and sustainable low-cost livestock feeding and ensuring
long-term livestock productivity under changing global climates. Thus,
characterization and conservation of native forage species should be performed.
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ABSTRACT

The detailed study on the success of artificial insemination in goats has not been
done so far in Nepal. Hence, an experiment was carried out to reveal the effect of
non-genetic factors on the success of artificial insemination in goats in Tanahun,
Chitwan and Surkhet districts of Nepal from August 2018 to July 2022. Altogether
1023 Khari goats were inseminated with the frozen semen of Boer goats, which
was imported from Australia. The effect of season, time of insemination, type of
heat, number of inseminations, and parity of dam on artificial insemination was
recorded and data were analyzed using IBM SPSS 26. The result showed that
season, time of insemination, type of heat and number of inseminations
significantly affect the success of artificial insemination in goats. In the case of
the summer season, the success rate of A.I. was 75.65% whereas 44.12% in
winter. Similarly, the highest rate (74.36%) was found after 18 hours of unset of
heat and only 9.86% in the case of <=9 hours. Likewise, higher success (68.09%)
was observed in natural heat than in induced heat (55.83%). Double insemination
increased (69.70%) the rate of success of A.L, than to single insemination
(51.80%) in both types of heat. Not only season, time and doses, but parity of
dams also affects the success rate of artificial insemination in goats significantly.
The highest success was found in the second to fifth parity of the dam, and the
lowest in the first parity doe.

Keywords: Boer goat, dam, induced heat, Khari goat, time of insemination
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INTRODUCTION

Livestock is an integral part of Nepalese agriculture where 65% population are
engaged in this sector which contributes 24.09% of the total national gross
domestic product (GDP) and among this sector, livestock covers 24.01 percent
(MoALD, 2024). Among livestock species goat farming is an emerging and
important enterprise that is used mainly for meat production. There are 15.29
million goats in Nepal which produce 86,280 MT of meat and accounting for
19.27% of the total meat production of the nation (MoALD, 2024). This
production does not meet the increasing demand of goat meat, so live castrated
bucks are imported from outside the country, especially from India and China.

The productivity of goats do not increase because the indigenous breeds have low
producing ability as compared to the exotic breeds. From few years ago, cross
breeding of Khari with pure Boer was done in Nepal. The Boer goat has faster
growth rates and is heavier than the Nepalese local goat breeds. The mature Boer
buck weight in the range of 110-135 kg, and the doe weight around 90-100 kg
(RADA, 2010), whereas the adult body weight of the Khari goat was around 20-
40 kg (Joshi and Shrestha, 2003). The daily live weight gain of the Boer goat
crossbreds has been found between 100 to 200 gm in the farmers’ field (Pandey,
2008). Similarly, Boer goat and its crosses have 1.63 to 2.2 litter size, whereas the
indigenous breed and their crossbreds have only 1.0 to 1.8. Likewise, the Boer
goat possesses strong disease resistance, adapts to adverse climatic conditions and
has superior mothering capacity (Pandey, 2008).

The average one-year weight of Khari is 26.24+0.62 kg, whereas 50% Boer
crossbreed reaches 40.03+0.86 kg (NGRP, 2021). This result means that the 50%
Boer crossbreed produces at least 50% more meat than the Khari goat breeds. That
is why, if Boer bucks can be used across all Nepalese local goat breeds, the
national meat production would be increased by 50 percent. But there is scarcity
of breeding stock of pure Boer buck and farmers use buck which is produced in
their own farm for breeding that is why inbreeding problem occurs in most of the
area. So artificial insemination is necessary to overcome this problem in goats.
Nowadays, government as well as private farms have started artificial
insemination in goats. But a detailed study on the success of artificial insemination
in goats has not been done so far in Nepal. Hence, this experiment was carried out
to determine the effect of non-genetic factor in the success of artificial
insemination in goats in Nepal.
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MATERIALS AND METHODS

Duration and site of study

The study was conducted from August 2018 to July 2022 at the National Goat
Research Program (NGRP), Bandipur, Tanahun and its command area.
Additionally, the study included locations in Chitwan and Surkhet districts.

Animal selection

Altogether 1023 Khari female goats were included in this experiment. Among
them 339 females were used for the study of the effect of different timing on the
success of A L. in goats, 149 for seasonal effect, 304 for types of heat (natural and
induced) and number of inseminations, and 231 for the effect of parity of dam. In
case of induced heat, the following protocol was used. The CIDR, which was used
in goat, contains 0.3g progesterone, which is administered on day zero and the
intra-muscular application of PMSG with a 200 IU concentration was done. Then
CIDR application and artificial insemination was done according to the following
procedure.

0 day 15 days 17 days 19 days

CIDR application PMSG insertion CIDR withdraw Artificial insemination

Data collection and analysis

The primary data of dam parity, season, time after onset of heat, types of heat,
doses of semen, date of insemination, expected kidding date and detailed
information of farmers were recorded. Heat detection was done after 21 days of
insemination. Visual observation and abdominal palpation were done every
month. Finally, recording the kidded does near the expected kidding date. After
data entry and coding the analysis was done using the chi-square test through the
Statistical Package for Social Science (SPSS) version 26, software.

RESULTS AND DISCUSSION

Time of onset of heat

The time of onset of heat in goats is an important factor for the success of artificial
insemination which was categorized as <9 hours, 12, 15, 18, 21 and 24 hours. A
total of 339 goats were inseminated within these different time durations. Among
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them the success of artificial insemination was found higher when Al should
perform 18 hours after onset of heat. This study revealed that this factor was
influenced significantly (P<0.001) for the success of artificial insemination in
goats. The time wise success rate of artificial insemination in goats is presented
in Table 1.

Kifaro (2007) reported that the optimal timing of insemination is an important
factor in the success of artificial insemination because does do not ovulate until
late estrous or shortly after the end of standing heat. Therefore, recognizing the
signs of standing heat is important. However, the optimal time of insemination is
determined by observing changes in the cervical mucus. As the doe progresses
through estrous, mucus turns from clear and thin at the beginning of standing heat
to cloudy and stringy during mid to late heat. Insemination should be performed
in does before or at the time when the mucus turns cloudy, which is usually 12 to
15 hours after the onset of estrous. If the doe continues to exhibit heat after
insemination, she should be inseminated again after 12 hours, particularly if the
program uses frozen semen or cooled semen. In dairy goats, does should be
observed for heat using a teaser buck and inseminated accordingly. Similarly,
Fonseca and Alvim (2018) revealed that the ideal time to perform Al should
consider the estimated mean time between the last hormonal intervention and
estrous onset and the time between the latter and ovulation, due to their high
variation Besides, the type of mucus observed is also an index of the most
appropriate moment (Fonseca et al., 2017b). One of the earliest ultrasound-
assisted ovulation studies conducted every 4 hours identified that Al performed
after ovulation resulted in a high pregnancy rate when early diagnosed (18 days
of estrous cycle), but pregnancies could be lost in the following weeks (Fonseca
etal., 2012).

The basic premise is to inseminate before ovulation and to give enough time for
the sperm to be fully capacitated for fertilization at the most appropriate time for
the female gamete. Likewise, Lehloenya et al. (2005) indicated that goats must be
inseminated 12 hours after the onset of estrus and 5 to 10 hours before the
expected ovulation. The highest success rate of artificial insemination after 18
hours of onset of heat which might be due to the more opening of cervix at that
time and match the time of sperm and ova to reach in ampulla of oviduct where
fertilization occurs.
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Parity of the dam

Dam parity also influences the success of artificial insemination of goats. The
vagina and cervix of median dams do not open as widely as other dams, so
intrauterine Al is difficult in the first parity dams, and the success rate of Al was
very low. The satisfactory result was found in the second to fifth parity and
decreased from the sixth parity. The detailed effect of parity on the success rate
of Al in goats is presented in Table 2. This study revealed that this factor
significantly influenced (P<0.001) the success of artificial insemination in goats.
breeding season, environmental conditions, parity, breed, farm, depth of semen
deposition, extender composition and hormone treatment (Nunes & Salgueiro,
2011). Anel et al. (2005) revealed that the age of the ewe significantly influenced
fertility and conception rate. The best fertility rates were recorded in ewes
between 1.5 to 4.5 years old, and beyond this age, fertility declined remarkably.
Fertility also decreased depending on the number of previous parturitions, and a
high correlation found among the age and number of lambing (r = 0.85; P <
0.001). Several factors are reported to affect the success of Al, including nutrition,

Table 1. Effect of inseminated time after onset of heat on the success of
artificial insemination in goats

xZ
Factors No. of Al Success rate (%) P value
Value
Overall 339 35.69 86.634 0.000
Time of onset of heat oK
<9 hours 71 9.86
12 hours 47 19.15
15 hours 52 42.31
18 hours 78 74.36
21 hours 49 38.78
24 hours 42 14.29

Note: ***: Significant at 0.1% level (P<0.001)
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Table 2. Effect of parity of the dam on the success of artificial insemination

in goats

Factors No. of Al Success rate (%) xz Value P value
Overall 231 63.60% 31.547 0.000
Parity HEK

First 25 20.00%

Second 33 72.73%

Third 44 75.00%

Fourth 40 75.00%

Fifth 35 74.29%

Sixth 32 59.38%

Seventh 22 45.45%

Note: ***: Significant at 0.1% level (P<0.001)

Table 3. Effect of season on the success of artificial insemination in goats

Factors No. of AI Success rate (%) %2 P value
Value

Overall 149 68.49% 12.085 0.001

Season ok

Summer 115 75.65%

Winter 34 44.12%

Note: ***: Significant at 0.1% level (P<0.001)
Season of the year

The breeding season in goats varies throughout the year. During the winter
months, only a small proportion of goats exhibit estrus, whereas nearly all does
show heat during the summer. Cold weather may also lower the post-thaw
temperature of semen, resulting in reduced semen quality. Consequently, the
success rate of artificial insemination (AI) was markedly lower during the cold
season and differed significantly (P < 0.001) from that observed in warmer
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weather. The detailed seasonal effects on Al performance are presented in Table
3.

The reproduction of goats is affected by changes in day length over the year.
Photoperiod affects the secretions of melatonin from the pineal gland, which
influences gonadotropin-releasing hormone production (Fatet et al., 2011).
Amoah & Gelaye (1997) reported that conception rates in goats range from 50%
to 70%, and this depend on the season of insemination, and the fertility and
significantly influenced by the Al season. The probability of pregnancy was
reduced when insemination took place during the colder seasons (autumn and
winter). In contrast, the fertility of Mediterranean breeds inseminated with cooled
semen has been reported to be high throughout the year (Roca et al., 1997).
Similarly, Anel et al. (2005) found significant differences in the success of Al
with respect to season; higher success was obtained in the breeding season
(September to January period), whereas lower in the non-breeding season,
particularly in the July to August period. Likewise, Karatzas et al. (1997)
indicated that lower pregnancy rates occur when Al is performed during the non-
breeding and Arrebola et al. 2012 found that the success of Al in hot weather was
51%, whereas in the cold season it was only 44.00%. All these findings are similar
to this result.

Types of the heat

The type of estrus, whether natural or induced, influenced the success of artificial
insemination (Al) in goats. Pregnancy rates were significantly higher (P < 0.05)
in relation to estrus type. The detailed effects of natural and induced estrus on Al
success are presented in Table 4. Smith (2009) reported that the average heat lasts
from 24 to 36 hours and the ovulation occurs near the end of estrus. It is essential
that does be inseminated before ovulation so that sperm cells can undergo a
process called capacitation. Agossou and Koluman (2018) revealed that the
pregnancy rates for naturally mated, and artificially inseminated goats were 93 %
and 70 % respectively. Anel et al. (2005) indicated that estrous synchronization
with hormonal treatment could have a negative effect on fertility, and that fertility
decreased with the number of previous inseminations. The 55.83% conception
rate obtained in this experiment is close agreement with those obtained by
Motlomelo et al. (2002) of the range 47 to 60 % following the use of
medroxyprogesterone acetate (MAP) and fluorogestone acetate (FGA) sponges
and controlled internal drug release (CIDR) devices for synchronizing estrus in
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goats. Hafez & Hafez (2000) also found that lower pregnancy rates were reported
when Al was performed in synchronized estrus goats than with natural estrus.

Table 4. Effect of types of heat on the success of artificial insemination

Note: *: Significant at 0.5% level (P<0.05)

Factors No. of Al Success rate (%) %2 Value P value
Overall 304 61.51 5.319 0.021
Types of heat *

Natural 141 68.09

Induced 163 55.83

Number of inseminations

The number of inseminations performed during both natural and induced estrus
had a marked influence on the success of artificial insemination (Al) in goats. A
statistically significant difference (P < 0.001) was observed in pregnancy rate
according to the number of inseminations conducted. The detailed effects of
insemination frequency on Al success are presented in Table 5. Yotov et al. (2016)
reported that the pregnancy rate in goats inseminated once during natural estrus
was 45.2%, while those inseminated once after estrus synchronization achieved
58.3%. When goats with synchronized estrus received double insemination, the
pregnancy rate increased to 63.6%. In contrast, pregnancy rates in goats bred
during natural estrus generally ranged from 40—-50%. Our results were consistent
with these findings.

Table 5: Effect of number of inseminations on the success of Al in goats

Factors No. of Al Success rate %2 P value
Value

Overall 304 61.51% 16.798 0.001

Types of heat HAE

Single insemination 139 51.80%

Double insemination 165 69.70%

Note: ***: Significant at 0.1% level (P<0.001)
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CONCLUSION

This experiment showed that the success rate of artificial insemination (Al) in
goats was highest when insemination was performed 18 hours after the onset of
natural estrus. The conception rate was also greater when Al was carried out
during the normal breeding season in the does of second to sixth parity. In
addition, double insemination at 12-hour intervals produced the most satisfactory
results. For optimal Al performance, several management practices are essential.
These include using well-trained inseminators, ensuring high-quality frozen
semen, checking semen quality prior to use, accurately detecting the onset of
estrus, and observing the color and characteristics of the cervix, vaginal mucosa,
and mucus. Proper semen handling including thawing at 37 °C for 30 seconds as
well as good feeding and housing management, and keeping inseminated does
away from bucks, are also important factors for improving conception rates.
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ABSTRACT

This study was conducted to assess the effect of different combinations of NPK
fertilizer and organic manure on the growth and yield of cauliflower (Brassica
oleracea var. botrytis). The main objective of the study was to identify the most
suitable combination of integrated nutrients for improving cauliflower growth,
yield attributes, and yield under local field conditions. The experiment was carried
out on a field at Bhaktapur from 8 Jan to 24 April 2026 using the cauliflower
variety Snow Mystique. The experiment was laid out in RCBD with four
treatments and five replications. The treatments included T1 (0 nutrients added),
T2, T3 and T4 with equal amount of OM @ kg/ha but different N:PK: amounts
(N:. FYM was applied uniformly to all plots. Data were collected on plant height,
number of leaves, leaf area index, curd weight, curd diameter, biomass, number
of curds per plot, and yield per plot. The collected data were analysed using
Analysis of Variance (ANOVA). The results showed that T3 produced the best
performance in yield parameters and recorded the highest curd weight of 896.0 g,
curd diameter of 13.88 cm, biomass of 1755.6 g, and yield of 17.47 kg per plot.
Although T4 showed higher vegetative growth in some stages, it produced lower
yield than T3, indicating that excessive fertilizer application was not beneficial.
Therefore, the recommended NPK dose of 200-120-100 kg ha™ with organic
manure is concluded to be the most suitable combination for cauliflower
production in Chittapol, Bhaktapur.

Keywords: Biomass, curd, LAI, plant height, Snow Mystique
INTRODUCTION

Cauliflower (Brassica oleracea var. botrytis) is one of the most important

vegetable crops grown in Nepal and many other parts of the world. It belongs to

the family Brassicaceae, which also includes cabbage, broccoli, mustard, radish,
and other important vegetables. Cauliflower is mainly grown for its edible white
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curd, which is used as a vegetable in daily meals. It is popular among consumers
because of its good taste, soft texture, nutritional value, and wide use in different
food preparations. Cauliflower is not only important as food but also as a source
of income for farmers. In Nepal, many small and medium farmers grow
cauliflower commercially because it gives better economic return compared to
some traditional cereal crops. In peri-urban areas near large cities, such as
Kathmandu Valley, cauliflower farming is especially important because farmers
can easily sell their produce in nearby markets. Fresh cauliflower has regular
demand in markets, hotels, restaurants, and households. Therefore, cauliflower
cultivation plays an important role in improving farmers’ income, employment
opportunities, and livelihood.

Although NPK fertilizers are important for increasing cauliflower yield, their
improper use can create problems. Many farmers apply fertilizers without testing
soil or following scientific recommendations. Some farmers use too much urea
because they believe that more fertilizer always gives more yield. However,
excessive use of chemical fertilizers can damage soil health, increase production
cost, reduce fertilizer efficiency, and cause environmental pollution. It may also
disturb the balance of soil nutrients. On the other hand, using too little fertilizer
cannot fulfil crop nutrient requirements and results in poor growth and low yield.
Therefore, the main challenge is to find the right combination of fertilizer that
gives better growth, higher yield, and good economic return without harming soil
health. Organic manure is also very important in cauliflower production. Organic
manure includes farmyard manure, compost, animal manure, and other
decomposed organic materials. It improves soil structure, water-holding capacity,
aeration, microbial activity, and nutrient availability. Unlike chemical fertilizers,
organic manure releases nutrients slowly and improves the long-term fertility of
the soil. It also helps to increase organic matter content in the soil. Soil organic
matter is very important because it improves soil quality and supports sustainable
crop production. In areas where farmers grow vegetables continuously, the use of
organic manure is necessary to maintain soil fertility. The combined use of NPK
fertilizers and organic manure is often better than using chemical fertilizer or
organic manure alone. Chemical fertilizers provide nutrients quickly to meet the
immediate need of the crop, while organic manure improves soil health and
provides nutrients slowly over time. This combined approach is known as
integrated nutrient management (INM). It helps to increase nutrient use
efficiency, improve soil fertility, reduce dependence on chemical fertilizers, and
support sustainable agriculture. For a crop like cauliflower, which needs high
nutrients, integrated use of NPK and organic manure can be very useful. It can
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improve plant growth, curd size, curd weight, and total yield.

Chittapol, Bhaktapur, is a suitable area for vegetable cultivation. Farmers in this
area grow different vegetables both for household consumption and commercial
purposes. Cauliflower is one of the important vegetables grown in this region
because of its good market value. The use of organic manure in Chittapol is
common because many farmers have access to animal manure and compost
materials. However, the nutrient content of organic manure is often low and
variable. Therefore, a balanced combination of NPK fertilizer and organic manure
can be a practical solution for farmers higher yield and income.

Another important issue is sustainability. Modern agriculture should focus not
only on increasing yield but also on protecting soil and environment. Excessive
use of chemical fertilizers can lead to soil degradation, nutrient imbalance, water
pollution, and reduced microbial activity. Organic manure can help reduce these
problems by improving soil organic matter and biological activity. However,
organic manure alone may not supply enough nutrients for high-yielding crops
like cauliflower. Therefore, combining organic manure with NPK fertilizer is a
balanced and sustainable approach. It can support both productivity and soil
conservation. Several studies have shown that balanced use of NPK fertilizer and
organic manure improves the growth and yield of cauliflower and other vegetable
crops. Adhikari and Sharma (2019) reported that soil fertility management is one
of the major factors affecting vegetable productivity in Nepal. Pant et al. (2018)
also found that proper application of nitrogen, phosphorus, and potassium
improves crop growth and yield when applied in balanced form. However,
farmers need simple and practical recommendations that are suitable for their
local conditions. Research conducted in the local area can provide more useful
information for farmers than general recommendations. This study was conducted
to identify the appropriate combination of plant nutrients for good growth and
higher yield of cauliflower in Chittapol, Bhaktapur.

MATERIALS AND METHODSS

The study area

The experiment was conducted at Surya Binayak 10, Chittapol area of Bhaktapur.
The experimental site lies at 27°39”11'N latitude and 85°28” 26 'E longitude, at
an altitude of approximately 1523 meters above sea level (mask). It is located
approximately 12 to 15 kilometers east of Kathmandu city, in the eastern corner
of the Kathmandu Valley. The area experiences a monsoon-influenced humid
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subtropical climate, characterized by hot, wet summers and mild, dry winters. The
soils at the experimental site are silty clay loam to loam in texture, well-drained,
and moderately fertile.

Experimental materials

The cauliflower variety used was Snow Mystique, a well-known high-yielding
and widely grown variety in the Bhaktapur district. Snow Mystique was therefore
selected as a suitable variety for optimizing the integrated nutrients to harvest the
highest possible yield.

Soil type of experimental field

The soil of the experimental field was tested before field lay out. The soil had pH
of 5.0, with good drainage and aeration facilities. The soil test results, confirmed
by the Soil and Fertilizer Testing Laboratory, Hetauda, Makawanpur
(2082/09/08), The soil had the following properties: organic matter (OM) 2.96%,
available nitrogen 0.15%, available phosphorus 96 kg/ha, and available potassium
390 kg/ha (SFTL, 2082/09/08). This indicates that the soil was moderately
deficient in nitrogen and phosphorus, justifying the need for NPK fertilizer
application.

Experimental design and treatments

The experiment was laid out in a Randomized Complete Block Design (RCBD)
with four treatments and five replications, giving a total of 20 experimental plots.
The layout of the experiment was carried out to fit five blocks (replications) of
four plots each in the field, as per the Randomized Complete Block Design
(RCBD). The total experimental field measured 21.3 m x 7.8 m (166.14 sq. m.).
Each individual plot measured 3.85 m x 1.6 m (6.16 sq. m.), with 45 cm spacing
between plots within the same block and 45 ¢cm buffer on each side. The row-to-
row spacing within each plot was 60 cm, and the plant-to-plant spacing was 45
cm. Each plot contained 4 rows of 7 plants, giving 28 plants per plot. Five plants
were selected from the inner rows as sample plants for observation.

The four treatments had different levels of the NPK + OM as shown in Table 1.
In the experiment, various mixture of the Urea (46% N), Di-ammonium Phosphate
(DAP, 18% N + 46% P.0s), Muriate of Potash (MOP, 60% K-0) and well-
decomposed farmyard manure (FYM) were used as sources of nutrients.
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Table 2. Treatment and NPK doses used in the experiment.

Treatments IN (kg/ha) fligo/;a) g:go/ha) [FYM (t/ha)
T1(control) 0 0 0 39.3
T2 150 90 75 39.3
T3 200 120 100 39.3
T4 250 150 125 39.3

Transplanting and harvesting

The cauliflower seedlings were transplanted on 8 Jan 2026, at a row-to-row
spacing of 60 cm and plant-to-plant spacing of 45 cm, with one seedling per hill.
Transplanting was done in the afternoon to reduce transplanting shock. Curd
formation was observed at 80 DAT. The crop was harvested on 24th April 2026
(106 DAT) , when the curds reached marketable size and before they started to
become loose or discolored.

Weeding and intercultural operations

In the experimental plots, weeding was done manually as per need after 30 DAT.
The soil was also loosened to provide proper aeration, and earthing up was carried
out at the time of second weeding operation. The second split dose of nitrogen
(25% as top dressing) was also applied during earthing-up operation.

Irrigation

Irrigation was provided by the Ring shape / furrow method at regular intervals
based on the moisture requirement of the crop and the prevailing weather
conditions. During the early establishment phase after transplanting, irrigation
was given every 3 days. During the active vegetative growth phase and curd
development phase, the irrigation interval was adjusted to every 4 days. Irrigation
was stopped one week before harvest to allow the soil to dry and to make
harvesting easier.

Biometric parameters
* Plant height (cm): Measured from the base of the plant at ground level to the
tip of the tallest leaf using a Scale/ measuring tape.

*Number of leaves per plant: All fully expanded leaves per plant were counted
and the average of five plants was recorded.
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* Leaf area index (LAIL cm?): Calculated by multiplying the length and breadth
of the largest leaf on each of five randomly selected plants per plot, and taking the
average.

Yield parameters

At harvest, the following yield parameters were recorded:

e  Curd weight (g/ plot): The fresh weight of the marketable curd from
each plot was measured using an electronic balance.

e  Curd diameter (cm): Measured across the widest part of the curd using
a Vernier caliper.

e Biomass (g / plant): Total above-ground biomass per plant was
recorded.

e  Number of curds per plot: All marketable curds from the net plot area
were counted.

e Yield per plot (kg): Calculated as Yield/Plot (kg) = Curd Weight (g) x
Number of Curds per Plot = 1000.

Data collection, measurement and analysis

The growth parameters were recorded at 15, 30, 45, 60, and (DAT) from five
randomly selected plants per plot. Yield and related data were measured during
harvest. All data collected from the experiment were analysed using Analysis of
Variance (ANOVA) for the Randomized Complete Block Design (RCBD),
following the method described by Cochran and Cox (1963). The analysis was
performed using Microsoft Excel (version 13). The significance of treatment
differences was tested at the 5% level of probability. Treatment means were
compared using the Critical Difference (CD) test at the 5% level. The Coefficient
of Variation (CV%) was calculated to assess the reliability and precision of the
experimental data.

RESULTS AND DISCUSSION

Leaf Area Index

Leaf area index (LAI) is used to measure the total leaf surface available for
photosynthesis, which is the basis for yield formation. The data on LAI at different
growth stages are presented in Table 2. The LAI increased continuously from 15
DAT to 75 DAT in all treatments revealing that cauliflower plants developed
larger leaf area as the crop advanced towards curd formation and maturity. The
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effect of all IPN levels on LAI was significant at 30 DAT and 75 DAT, while it
was non-significant at other DAT (Table 2). The T4 recorded the highest LAI
value of 78.08 cm?, followed by T3 with 56.24 cm?. The better performance of
the crop in T4 may be due to higher nutrient availability, especially nitrogen,
which promotes vegetative growth.

Table 2. Effect of IPN levels on LAI of cauliflower at different growth

stages (DAT)

Treatments 15 DAT 30 DAT 45 DAT 60 DAT 75 DAT

(cm?) (cm?) (cm?) (cm?) (cm?)
T1(control) 18.30 31.37b 59.08¢c 269.36a 484.16b
T2 21.08 29.24b 76.20a 235.48a 571.92ab
T3 17.39 56.24ab 117.04a 394.24a 625.24ab
T4 21.84 78.08a 198.40a 349.34a 710.28a
ILSD (0.05) — 36.12 134.22 226.90 137.95
Sem — 5.86 21.78 36.81 22.38
[F-probability INS * INS INS *
CV% 19.78 53.80 86.44 52.76 16.74
Grand Mean — 48.73 112.68 312.10 597.90
Means in the same column followed by different letters are significantly different at 5% level. NS =
ot Significant; * = Significant at 5% level (CD: 30 DAT = 36.12, 75 DAT = 137.95).

At 45 DAT, the result was statistically non-significant, although clear numerical
differences were observed among treatments. At 75 DAT, the LAI had significant
difference among treatments at the 5% level. The T4 recorded the highest LAI of
710.28 cm?, followed by T3 with 625.24 cm?. The difference between T4 and T1
(control) was 226.12 cm?, which was higher than the LSD value by 137.95. It
should, however, be noted that T4 was statistically at par with T2 and T3
indicating that although T4 had the highest numerical value, its advantage over
T2 and T3 was not statistically strong enough.

Higher leaf area alone may not always ensure higher curd yield, because excessive
vegetative growth can sometimes reduce curd development if the plants do not
receive optimum nutrients. The result suggests that nutrients combinations
(NPK+OM) had a positive effect on LAI in cauliflower. The higher leaf area
under T4 may therefore be due to the combined effect of optimum level of the
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nutrients.

The coefficient of variation was highest at 45 DAT with 86.44%, followed by 30
DAT with 53.80% and at 60 DAT with 52.76%. The lowest CV was recorded at
75 DAT with 16.74%, showing more reliable and uniform data at the later stage.
Since the treatment effect was significant at 75 DAT and the CV was
comparatively low, the result at this stage can be considered more dependable.

Yield and yield attributes

Yield is a biological parameter resulted from the combined effect of environment,
genetic factor (variety) and plant nutrients. Yield attributes are the most important
parameters for evaluating the economic performance of any crop in a given
environment.. The data on yield and yield attributes of cauliflower under four IPN
levels are presented in Table 3.

Curd weight was significant different and varied largely among all treatments (F
=21.283,CD=171.53). T3 recorded by far the highest mean curd weight of 8§96.0
g, followed by T4 (523.2 g). That difference showed that applying higher levels
of IPNs did not improve and actually reduced curd weight. This finding agreed with
those reported by Singh and Yadav (2019) and Adhikari and Sharma (2019).

.Table 3. Effect of NPK levels on yield and yield attributes of cauliflower.

. Biomass |No. Curd yield [Curd yield
Treatments [Curd Wt. (g) |Curd Dia. (cm) (o / plant) [Curds/ Plot (kg / glo 0 (ke / I}lla)
[T1(control) [284.4¢c 9.48¢ 945.6¢ 23.4a 6.66b 10811.71b
T2 465.6b 11.06b 1528.6ab [18.8b 8.76b 14220.81b
T3 896.0a 13.88a 1755.6a  [19.4b 17.47a 28360.45a
T4 523.2b 11.22b 1101.0bc [20.4ab 10.58b 17175.36b
Grand Mean [542.3 11.41 1332.7 0.5 10.87 17646.14
CD (5%) 171.53%* 0.986** 517.44* NS 4.36%* **
CV (%) 22.95 6.27 28.17 12.18 29.13
Means in the same column followed by different letters are significantly different at 5% level. ** =
\Highly significant at 1% level; * = Significant at 5% level; NS = Not Significant.

Curd diameter showed the strongest treatment effect (F =32.507, CD = 0.986). T3
recorded the largest curd (13.88 cm), followed by T4 (11.22 cm). The very low
CV of 6.27% confirmed the reliability of this result. Biomass was significantly
different (F = 4.973, CD = 517.44), with T3 having the highest one (1755.6 g /
plant). This trait had directly positive relationship with the cord yield. The cord
yield per plot and ha was significantly different among the treatments. The treatment
T3 gave the highest cord yield of 17.47 kg/plot (2836045 kg/ ha. These results were
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consistent with the results of Thapa and Poudel (2017); Pant, Bhattarai and Regmi
(2018); Bhattarai and Thapa (2020); and Rana and Subedi (2021).

CONCLUSION

This study clearly showed that the integrated nutrient management had a
significant and positive effect on the growth, yield and yield attributes of
cauliflower at Chittapol, Bhaktapur. Among the four tested integrated nutrient
levels, the T3: 200-120-100 kg N-P20s-K-0 / ha™ + (OM) 39.3 t/ha gave the best
results for all important yield parameters, including curd weight, curd diameter,
biomass per plant, and curd yield per plot and hectare. Therefore, this treatment
was found to be most suitable for cauliflower production under the conditions of
this study site.

SUGGESTIONS

= Farmers in Chittapol, Bhaktapur and similar agro-ecological zones of
Nepal should apply integrated nutrients with NPK fertilizers (200-120-
100 kg/ha) in co9mbination with organic manure (39.3) kg ha™ for best
cauliflower yield.

= Nitrogen should be applied in split doses (50% basal, 25% at 30 DAT,
and the rest 25% at 45 DAT) to reduce nitrogen loss through leaching
and volatilization and to improve nutrient use efficiency.
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ABSTRACT

Agricultural higher education in Nepal has expanded rapidly, yet graduate
outcomes, employability patterns, and curriculum gaps across cohorts remain
poorly documented. A cross-sectional tracer survey was conducted among 93
alumni of the Himalayan College of Agricultural Sciences (HICAST) from
various programmes graduating between 2004 and 2025 using a structured
questionnaire. Data were analyzed using descriptive statistics by cohort, binary
logistic regression, and thematic analysis following Braun and Clarke (2006).
Overall, 60.2% of alumni were in full-time employment, while 24.7% were
pursuing further studies and 15.1% of graduates were seeking job. Older cohorts
(2004-2015) showed higher full-time employment (>70%) than recent graduates
(54.7%), whereas recent cohorts demonstrated greater postgraduate uptake
(28.3% vs 14.3%), suggesting delayed labour-market transition rather than
reduced employability. Most alumni (83.9%) worked in roles related to their field
of study. Technical/agronomic skills, practical competencies, and communication
skills were identified as the most valued workplace competencies. Faculty
guidance received the highest ratings across cohorts, whereas entrepreneurship
training and internship/placement support received consistently low ratings.
Exploratory regression suggested a possible association between gender and full-
time employment (OR = 2.44; 95% CI: 1.01-5.89. In general, HICAST graduates
demonstrated positive employability outcomes and strong field alignment.

Keywords: Alumni tracer survey, curriculum gaps, delayed transition, Nepalese
agriculture

INTRODUCTION

Agricultural higher education is critical for bridging the skills gap for Agriculture
4.0 and Industry 4.0. The International Labour Organization (ILO, 2013), World
Bank (2023), and Food and Agriculture Organization (FAO, 2021) emphasize that
without systematic tracking of graduate outcomes, developing economies risk
skills mismatches and underemployment. UNESCO (2022) and the Organization
for Economic Co-operation and Development (OECD, 2019) recommend tracer
studies as essential tools for improving education quality and reducing youth
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unemployment. Tracer studies have therefore emerged as an important approach
to assess alignment between educational outputs and labour market demands
(Schomburg, 2014; Teferra, 2016).

Despite this global emphasis, tracer-based evidence from developing countries—
particularly South Asia—remains limited. In Nepal, agricultural education has
expanded from a single institution in 1977 to approximately 35 degree-granting
colleges (plus CTEVT-affiliated diploma programmes), producing an estimated
2,154 graduates annually (Jaishi et al., 2025; MoALD, 2022). In Nepal,
agricultural education has expanded from a single institution in 1977 to
approximately 35 degree-granting colleges (plus CTEVT-affiliated diploma
programmes), producing an estimated 2,154 graduates annually (Jaishi et al.,
2025; MoALD, 2022). HICAST, established in May 2000, was the first private
agriculture college in Nepal affiliated with Purbanchal University. The institution
has grown from a single program to offering B. Sc. (Hons.) Agriculture (started
2000), B.V.Sc. & A.H. (started 2001), and M.Sc. programs in Dairy/Meat
Technology and Agri-business Management, with over 1,500 graduates produced
as of 2023 (HICAST, 2023). However, there is little cohort-based evidence on
graduate transitions, skill utilization, or whether institutional reforms have
addressed persistent gaps.

Existing studies indicate several structural concerns within Nepal’s agricultural
sector. Kattel and Sapkota (2018) reported that 52% of agriculture and veterinary
graduates intend to emigrate, identifying significant "push" factors such as the
perceived poor quality of higher education (42.7%) and unfavorable
socioeconomic conditions (29.8%). Conversely, the primary "pull" factors driving
this brain drain include the prospect of higher income (29.7%) and improved
professional environments abroad (25.6%) (Kattel & Sapkota, 2018; Jaishi et al.,
2025). Complementing these findings, the Nepal Horticulture Society (2019)
identified the development and retention of trained human resources as a critical
constraint, a situation further exacerbated by the continuous outflow of skilled
labor. Despite the global consensus among international bodies—including the
ILO, FAO, UNESCO, and OECD—on the necessity of monitoring graduate
outcomes, Nepal has lagged in institutionalizing systematic tracer studies.

The curriculum-practice mismatch is severe, with students reporting being taught
from "manuals written a decade ago" while Agriculture 4.0 competencies—such
as precision farming, Artificial Intelligence (Al), the Internet of Things (IoT), and
big data—appear "nowhere in the syllabus". These digital and entrepreneurial
skills remain largely absent from traditional curricula. While Nepal’s National Al
Policy (Government of Nepal, 2025) acknowledges the need for Al in agriculture,
the digital divide and skills shortage risk widening inequality.

This study addresses these gaps by evaluating graduate employability and
curriculum relevance among HICAST alumni (2004-2025). The research is
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framed by two propositions: the Delayed Employability Transition Hypothesis
(DETH), which posits that lower immediate employment among recent cohorts
reflects strategic academic "buffering” through further studies rather than
declining employability, and the Skill-Institution Gap Persistence Model
(SIGPM), which suggests that structural deficits in entrepreneurship, placement
support, and digital training persist across decades despite routine curriculum
updates. The study aims to: (1) profile employment outcomes, further study
pathways, and skill utilization across cohorts; (2) examine cohort differences in
employment patterns; (3) assess satisfaction with key academic and institutional
dimensions; (4) identify factors associated with full-time employment; and (5)
generate evidence-based recommendations for improving alignment between
agricultural education and labour market demands.

MATERIALS AND METHODS

Study design and setting

A cross-sectional tracer study was conducted at the Himalayan College of
Agricultural Sciences and Technology (HICAST), Kathmandu, Nepal. HICAST
offers B.Sc. (Hons.) Agriculture (started in 2000, 4-year, 164 credits), B.V.Sc. &
A.H. (started in 2001, 5-year, 207 credits), and M.Sc. programs in Dairy/Meat
Technology and Agri-business Management (HICAST, 2023). The curriculum
has undergone major revisions in 2009, 2015, and 2021 to align with evolving
academic standards. This study targeted all alumni graduating between 2004 and
2025.

Conceptual framework

Figure 1 presents the study's conceptual framework, adapted from Schomburg
(2014) and Teferra (2016) for the Nepalese agricultural context. The framework
maps a sequential pipeline from: (a) Input Factors (gender, programme,
rural/urban background, prior qualifications) — (b) Educational Factors
(curriculum design, practical exposure, faculty guidance, laboratory access) — (c)
Skill  Development (technical, practical, —communication, research,
entrepreneurship, digital) — (d) Institutional Support (internship placement,
career counselling, industry linkage) — (e) Employability Outcomes (full-time
employment, part-time employment, self-employment, further study,
unemployment). Moderating pathways include labour market conditions (sector
demand, geographic location) and individual agency (job-seeking effort,
networking).

Survey instrument

A structured online questionnaire was developed using Google Forms, comprising
five sections: (A) demographics (gender, programme, graduation year categorized
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as 2004-2010,2011-2015, 2016-2020, 2021-2025); (B) employment status (full-
time, part-time, self-employed, further study, unemployed seeking, unemployed
not seeking), job sector, and field alignment; (C) skills utilization (multiple
response: technical/agronomic, practical field experience, communication,
research/data analysis, leadership/teamwork, laboratory, entrepreneurship); (D)
satisfaction with nine academic dimensions using a 5-point Likert scale (1=Very
Poor to 5=Excellent); and (E) open-ended suggestions. Cronbach's alpha for the
satisfaction scale was 0.84.

Data collection and analysis

An online survey using Google Forms was distributed to HICAST alumni via the
college's alumni network, social media platforms, and personal contacts (snowball
sampling). Data collection took place from 15 December 2025 to 30 January
2026, with two reminders sent at 10-day intervals. A total of 102 responses were
received. After removing incomplete entries (n=9, primarily missing satisfaction
items), 93 valid responses were retained (91% completion rate). Due to
overlapping distribution channels and the absence of a single comprehensive
alumni contact registry, a precise response rate could not be calculated; this
limitation is addressed in the Discussion.

INPUT FACTORS

[

= Gender Profile = Academic Program = Socio-background = Prior Skills

EDUCATIONAL FACTORS

<= Curriculum Relevance = Field Exposure = Faculty Quality = Practical/Lab Intensity = ICT/Digital Skills

~

EMPLOYABILITY QUTCOMES

<=+ Internship Linkages = Industry Collaboration = Career/Placement Support = Alumni Network

INSTITUTIONAL SUPPORT

Figure 1. Conceptual framework of graduate employability tracer study

Quantitative data were analyzed using SPSS version 26.0 and Microsoft Excel.
Descriptive statistics (frequencies, means, standard deviations) were stratified by
graduation batch. Between-cohort differences were tested using one-way
ANOVA and chi-square tests.

Binary logistic regression (enter method) was fitted with full-time employment as

the dependent variable (1=employed full-time, n=56; O=all others, n=37).
Predictors included gender, programme, batch (2021-2025 reference), and
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satisfaction scores for practical exposure, entrepreneurship training, and
internship/placement support. Model fit was assessed using the Hosmer-Lem
show test and Nagelkerke R

Robustness checks included: (a) restricted sample excluding the 2021-2025
cohort (n=40); (b) multinomial logistic regression with three outcomes (full-time
employment, further study, unemployed seeking); and (c) early (n=30) vs late
(n=30) respondent comparison for non-response bias.

Open-ended responses were analyzed thematically following Braun and Clarke
(2006). Two researchers independently coded 20% of responses; inter-coder
agreement was 89%. A Curriculum Gap Persistence (CGP) Index was constructed
for each satisfaction dimension: CGP = 5 — (mean satisfaction across all cohorts),
with higher values indicating larger gaps (CGP >2.0 classified as severe persistent
gap).

RESULTS AND DISCUSSION

Respondents profile and data validity

The study analyzed a cross-sectional sample of 93 HICAST alumni, representing
approximately 6.1% of the total graduate population of 1,515 at HICAST college
(HICAST, 2023). As summarized in Table 1, the profile is characterized by 55.9%
of male respondents and 44.% of female graduates. A significant proportion of
the sample consisted of the recent 2021-2025 cohort (57.0%), reflecting higher
digital engagement among younger alumni. Data validity was confirmed through
high internal reliability for satisfaction scales (o = 0.84) and a non-response bias
check (*p* > 0.20), confirming the sample is representative of the alumni
population.

Table 1. Profile of respondents (N=93)

Attribute Primary Category (n, %) Secondary Category (n, %)

Gender Male (52, 55.9%) Female (41, 44.1%)

IProgramme B.Sc. Ag (66, 71.0%) B.V.Sc. (15,16.1%); M.Sc. (12, 12.9%)
(Cohort Recent: 2021-25 (53, 57.0%) Established: 200420 (40, 43.0%)
\Validity Non-response bias: *p* > 0.20 Cronbach’s Alpha: a = 0.84
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Employment status and labor market pathways

The labor market transition is characterized by a bifurcated pathway between
immediate entry and academic "buffering". As illustrated in Figure 1, full-time
employment remains the dominant outcome (60.2%), yet nearly one-quarter
(24.7%) continue into further studies. This significant enrollment in postgraduate
education suggests that the transition from university to work is non-linear, with
many graduates utilizing further specialization as a strategic response to evolving
market requirements. While the unemployment rate of 15.1% is below Nepal's
national benchmark (18.2%), the low rate of self-employment (6.5%) highlights
an institutional orientation toward job-seeking rather than enterprise creation.
This trend provides empirical weight to the Skill-Institution Gap Persistence
Model (SIGPM), as entrepreneurship training satisfaction remains stagnant at
2.1/5 with a high Curriculum Gap Persistence (CGP) Index of 2.9.

Table 2 disaggregates these employment outcomes by academic programme,
revealing that B.V.Sc. & A.H. graduates exhibit the highest full-time
employment rate at 66.7%.

Employment status distribution among HICAST alumni (n=93)

Unemployed not seeking i
Self-employed |
Part-time employed WM
Unemployed seeking I
Further studies [N
|

Full-time employed

0 10 20 30 40 50 60 70

Figure 2. Employment status distribution among HICAST alumni (N=93)

Table 2. Current employment status by academic programmes (N = 93)

Status B.Sc. Ag (n=66) B.V.Sc. (n=15) M.Sc. (n=12) Total
Full-time employed | 59.1% (39) 66.7% (10) 58.3% (7) 60.2% (56)
Further studies 22.7% (15) 13.3% (2) 50.0% (6) 24.7% (23)
Unemployed 15.2% (10) 20.0% (3) 8.3% (1) 15.1% (14)
(Seeking)

Note: Self-employed and part-time roles (*n* = 9) are qualitatively noted within
the "Full-time employed" umbrella for analytical consistency.
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Cohort dynamics and the DETH validation

As shown in Figure 3, older cohorts exhibit higher immediate full-time
employment (71.4%) compared to the most recent 2021-2025 batch (54.7%).
However, when excluding those currently in further studies, the employment rates
between the 20042010 batch (83.3%) and the 2021-2025 batch (76.3%) show
no statistically significant difference (y* = 2.34, *p* = 0.51). This provides
empirical support for the Delayed Employability Transition Hypothesis (DETH),
suggesting that recent graduates are not less employable but are temporarily
engaged in postgraduate education.

The increasing proportion of further studies among recent cohorts (from 14.3% in
2004-2010 to 28.3% in 2021-2025) supports the Delayed Employability
Transition Hypothesis (DETH).

Predictors of employment: multivariate analysis

Binary logistic regression (Table 4) was statistically significant (y* = 16.42, p =
0.037; Nagelkerke R? = 0.23). Two predictors emerged: Gender: Male graduates
had higher odds of full-time employment (OR = 2.44; 95% CI: 1.01-5.89; p =
0.048), though the wide CI indicates imprecise estimation. Placement satisfaction:
Showed a positive but statistically imprecise association (OR = 1.57; 95% CI:
0.94-2.62; p=0.083), presented as exploratory only. Crucially, batch effects were
non-significant (p > 0.05), indicating HICAST has stable graduate quality across
two decades after controlling for further study status.

80

60

40

20 .
0 I

2004-2010 2011-2015 2016-2020 2021-2025

B Full-time (%) ® Further studies (%) Unemployed seeking (%)

Figure 3. Employment status by graduation cohort (N=93).
Skills utilization and satisfaction gaps
Graduates identified technical agronomic skills (64.5%) and field experience
(48.4%) as most critical for their current roles, as ranked in Figure 4. Conversely,

entrepreneurship training received the lowest ranking (24.7%). Table 4 details the
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overall satisfaction ratings, where practical exposure and internship support were
identified as "Severe" gaps (CGP > 2.2). Longitudinal data presented in Table 5
confirms that these institutional gaps have shown no significant improvement in
20 years (*p* > 0.05), further supporting the SIGPM.

Table 3. Binary logistic regression with 3 predictors

95% CI

Predictors B V;/ald p-value Exp for Exp
X (B) (B)

Gender (Male vs | g9 | 39 0.048% | 244 1.01-5.89
Female)
Placement support 0.45 3.00 0.0837 1.57 0.94 -2.62
Batch (Ref: 2021—
h025) 0.48 1.30 0.254 1.62 0.71-3.68

Note: Combined batch variable used for model stability. *p < 0.05; fp <0.10.
Satisfaction with academic training

Table 4 presents overall mean satisfaction ratings across nine dimensions. Faculty
guidance and mentorship received the highest rating (3.7/5), suggesting that
student—teacher relationships remain a relative strength. Curriculum relevance
(3.2/5) and preparation for further studies (3.2/5) scored moderately. At the
bottom, entrepreneurship training and support was rated lowest (2.1/5), followed
by internship/placement support (2.3/5) and research/innovation exposure (2.6/5).
The Curriculum Gap Persistence (CGP) Index for entrepreneurship training was
2.9 — the largest gap across all dimensions — indicating that graduates rated it
nearly 3 points below 'excellent' on a 5-point scale. This is classified as a severe
persistent gap.

Cohort-stratified satisfaction and the skill-institution gap persistence model

Table 5 shows satisfaction across four dimensions by cohort. Entrepreneurship
training shows no improvement across 20 years (2.2 — 2.0; p=0.79). Internship
support similarly stagnates (2.2-2.4; p=0.68), as does practical exposure (~2.8;
p=0.52). Faculty guidance, while highest-rated, declined modestly (3.9 — 3.6;
p=0.18), possibly reflecting increased student—faculty ratios. This persistence of
gaps across two decades, despite curriculum reviews in 2009, 2015, and 2021,
confirms the Skill-Institution Gap Persistence Model (SIGPM).
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% of Respondents

7. Entrepreneurship knowledge
6. Laboratory skills

5. Leadership and teamwork

4. Research and data analysis
3. Communication skills

2. Practical field experience

1. Technical/agronomic skills

o

10 20 30 40 50 60 70

Figure 4. Skills gained at HICAST that are most helpful in current job
(n=93, multiple responses)

Predictors of full-time employment: logistic regression

Table 6 presents the binary logistic regression results. The model is statistically
significant (¥*>=16.42, p=0.037) with acceptable fit (Hosmer-Lem show p=0.64)
and modest explanatory power (Nagelkerke R?=0.23). From Table 6, three
observations emerge, each requiring cautious interpretation due to sample size
limitations (n=93, only 56 employed cases). First, the gender estimate (OR = 2.44)
has a confidence interval that narrowly excludes 1.0 (1.01-5.89). While p = 0.048
meets conventional significance thresholds, the width of the CI indicates low
precision. A Gender x Batch interaction was not significant (p = 0.42). Second,
placement support showed a positive coefficient (OR = 1.57) but with p = 0.083
and a 95% CI crossing 0.94-2.62. Among alumni rating support >4/5,
employment was 71.4%; among those rating <2/5, it was 48.3% — a 23-
percentage point difference (3> = 4.89, p = 0.027). The bivariate comparison is
clearer than the regression estimate, but both suffer from small subgroup sizes.
Third, batch effects were all non-significant (p > 0.05), which is consistent with
DETH but lacks statistical power to detect small differences.

Caveat on statistical precision and overinterpretation

This study's sample size (n=93) and event count (56 employed) provide limited
statistical power. Several estimates reported above have p-values between 0.05
and 0.10 and confidence intervals that include or approach 1.0. Following recent
recommendations in social science methodology (Wasserstein et al., 2019), we do
not treat p = 0.048 as 'significant' in a confirmatory sense, nor p = 0.083 as a 'trend'
warranting substantive conclusions. These results are presented as exploratory
descriptive evidence only.
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Table 4. Overall satisfaction with academic training
(n=93, 1=Very Poor to 5=Excellent)

. . 95% CGP Gap
IDimension Mean SD I Index* severity
. . 3.5-
Faculty guidance and mentorship 3.7 0.9 39 1.3 Moderate
Curriculum relevance to job 3.0- .
market 3.2 1.1 34 1.8 High
. . 3.0- .
Preparation for further studies 32 1.2 34 1.8 High
Co_m_munlcatlon and soft skills 31 10 2.9- 1.9 High
training 33
Lal:;qrfitory and field work 28 11 2.6— 22 Severe
facilities 3.0
. 2.6
Practical and field exposure 2.8 1.2 30 2.2 Severe
Research and innovation 26 1.0 24— 24 Severe
lexposure 2.8
. 2.1-
Internship and placement support 2.3 1.2 25 2.7 Severe
Entrepreneurship training and 21 11 1.9—- 2.9 Severe
support 2.3

Robustness checks

Three checks confirmed stability. Restricting the sample to exclude the 2021—
2025 cohort (n=40) yielded consistent results (gender OR=2.31, p=0.074;
internship OR=1.61, p=0.087). Multinomial regression revealed that female
gender was associated with higher odds of further study relative to employment
(OR=1.82, p=0.094), suggesting women may use postgraduate education to
overcome labour market discrimination. Early vs late respondent comparisons
showed no significant differences (all p>0.20), reducing non-response bias
concerns.
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Table 5. Satisfaction (mean, 1-5) by graduation cohort (SD in parentheses)

Dimension 2004-2010 2011-2015 2016-2020 2021-2025 Trend p-value*
(n=7) (n=10) (n=23) (n=53) P

Faculty 3.6
lguidance/mentorship 3.9(0.7) 3.8(0.8) 3.7(09) 0.9) 0.18

. 2.7
Practical/field exposure 29 (1.1) 2.8(1.2) 2.7(1.2) (1.3) 0.52
Internship/placement 22
Support 24(1.2) 23 (1.1) 23(1.2) (1.2) 0.68
[Entrepreneurship 2.0
raining 22(1.1) 2.1(1.0) 2.1(1.1) (1.0) 0.79

*Linear regression of satisfaction on cohort midpoint year (2007, 2013, 2018,

2023).

Qualitative synthesis: thematic analysis of alumni perspectives

Of the 93 respondents, 83.9% (n=78) provided open-ended qualitative feedback
regarding curriculum gaps and institutional support. Following Braun and
Clarke’s (2006) thematic analysis framework, four dominant themes emerged:

Practical Exposure Deficit (68%): Alumni across all cohorts cited a
disconnect between theoretical classroom learning and field application,
specifically noting a lack of hands-on Participatory Rural Appraisal
(PRA) and field-based diagnostics.

Absence of Transition Support (44%): A recurring concern was the
total absence of structured placement support, with alumni advocating
for the establishment of a dedicated cell and the organization of job fairs.
Emergent Digital Skills Gap (31%): This theme was significantly more
prevalent among recent graduates (42% of the 2021-2025 cohort), who
noted that the current curriculum lacks integration of Agriculture 4.0
technologies such as GIS, R-programming, and Python.
Entrepreneurship Incubation (27%): Respondents felt that the current
elective-based entrepreneurship training was insufficient for business
creation, suggesting a shift toward real-world incubator models.

This study examined graduate employability and curriculum gaps across 20 years
of HICAST alumni, testing the Delayed Employability Transition Hypothesis
(DETH) and the Skill-Institution Gap Persistence Model (SIGPM). Four key
findings emerge which are summarized as below.
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Table 6. Full binary logistic regression with 9 predictors (n=93)

Predictor B SE vaald p-value Exp(B) }Zi;/)()(BC)I for
Gender (male vs female) 0.89 0.45 391 0.048* 2.44 1.01 —-5.89
IProgramme (ref: B.Sc. Ag)
B.V.Sc. & A.H. 1.21 0.62 3.81 0.051F 3.35 0.99-11.34
M.Sc. -0.35 0.68 0.26 0.608 0.70 0.18 -2.68
Satisfaction scores (1-5)
Practical field exposure 0.32 0.21 2.32 0.127 1.38 0.91 -2.09
[Entrepreneurship training -0.18 0.23 0.61 0.435 0.84 0.53-1.31
Internship/placement support 0.45 0.26 3.00 0.083F 1.57 0.94 -2.62
Batch (ref: 2021-2025)
2004-2010 0.61 0.72 0.72 0.396 1.84 0.45-7.52
2011-2015 0.53 0.65 0.66 0.417 1.70 0.47-6.13
2016-2020 0.29 0.51 0.32 0.569 1.34 0.49 -3.64
Constant -2.10 1.14 3.39 0.066 0.12

Model summary: Omnibus ¥*(9)=16.42, p=0.037; Nagelkerke R?>=0.23; Hosmer-
Lem show %*(8)=6.89, p=0.64. *p<0.05; §p<0.10.

Validation of the delayed employability transition hypothesis

This study found evidence consistent with the Delayed Employability Transition
Hypothesis (DETH). Raw employment rates differ by cohort (71.4% for 2004-
2008 vs. 44.4% for 2024-2025, as shown in Table 3), but this difference does not
reflect declining graduate quality. When graduation year was treated as a
continuous variable—a statistically rigorous approach that enforces equal
intervals and retains all data—the odds ratio per year was 0.98 (95% CI: 0.93-
1.04, p=0.507) as shown in Table 6. This indicates no statistically significant
decline in employment odds over the 20-year period. The increasing proportion
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of further studies among recent cohorts (from 14.3% in 2004-2008 to 38.9% in
2024-2025, Table 3) supports DETH: recent graduates are strategically 'buffering'
in postgraduate education rather than experiencing lower employability.

This is the first empirical test of DETH in a South Asian agricultural college,
aligning with global evidence that postgraduate enrolment functions as a buffering
strategy in tight labour markets (Schomburg, 2014; Teferra, 2016). The finding is
particularly significant given Nepal's broader context of high youth
unemployment and emigration intentions among agriculture graduates (Kattel &
Sapkota, 2018). HICAST's graduates appear to be making deliberate choices
about further education rather than being forced into unemployment.

However, sample size limits the strength of this conclusion; larger multi-cohort
studies are needed to confirm the trend. Additionally, the 2024-2025 cohort's high
unemployment seeking rate (38.9%, Table 3) warrants monitoring—this may
reflect the very recent graduation (within 6-12 months) rather than a genuine
employment barrier.

Evidence consistent with the skill-institution gap persistence model

The persistence of low satisfaction with entrepreneurship training as shown in
Table 4 (mean 2.1/5 across 20 years, CGP Index 2.9, indicating a gap of nearly 3
points below 'excellent’) is not random variation but reflects institutional inertia.
This pattern is particularly striking given HICAST's substantial institutional
growth detailed in the Introduction: the college has expanded from a single
program in 2000 to offering four programs, invested in infrastructure including
27 specialized laboratories, a teaching veterinary clinical complex, and 73.5
Ropanies of land across Kirtipur and Tanahun, and now employs 140 faculty
members (HICAST, 2023).

Despite these investments, Table 4 demonstrates that gaps in entrepreneurship
training, placement support (mean 2.3/5, CGP=2.7), and practical exposure (mean
2.8/5, CGP=2.2) have persisted across 20 years. Table 5 shows no significant
improvement in any dimension over time (p>0.15 for all trend tests). This
indicates that routine curriculum revisions (2009, 2015, 2021) have failed to
address structural weaknesses. The lesson is clear: curriculum reform must move
beyond adding course titles to changing pedagogy, assessment, resource
allocation, and industry linkage. Physical infrastructure growth has outpaced
pedagogical and support-system modernization, a pattern consistent with
observations from other developing-country higher education institutions
(Teferra, 2016).

This finding is further reinforced by the thematic analysis presented in Section
3.6: 68% of respondents highlighted practical exposure deficits, with comments
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such as, "We studied crop science from textbooks but never practiced soil
sampling or pest diagnosis in real field conditions" and "The first time I used a
pH meter was during my job, not in college." Similarly, 44% of respondents noted
the absence of transition support, 31% cited digital skills gaps (rising to 42%
among recent graduates), and 27% emphasized the need for entrepreneurship
incubation. These qualitative findings directly corroborate the quantitative
satisfaction gaps identified in Tables 4 and 5.

Gender disparity: A possible structural signal requiring replication

The logistic regression presented in Table 6 suggested a possible gender
difference (OR=2.36; 95% CI: 0.98-5.71; p=0.056). While this is not statistically
confirmatory (the confidence interval narrowly crosses 1.0), the pattern aligns
with ILO (2023) estimates of gender penalties in South Asian labour markets.
Qualitative responses hinted at differential callback rates, gendered employer
assumptions about marriage and mobility, and absence of institutional gender-
equity interventions.

However, the wide confidence interval and borderline p-value mean this finding
should be treated as hypothesis-generating, not as evidence of a genuine disparity.
The gender distribution in the sample (44.1% female, Table 1) roughly matches
HICAST's enrollment patterns (which show increasing female enrollment in
recent years), so sample bias is unlikely to explain the difference. Confirmatory
studies with larger samples and employer-side data are required before instituting
costly interventions.

Notably, the multinomial regression (robustness check) revealed that female
gender was associated with higher odds of further study relative to employment
(OR=1.82, p=0.094). This suggests that women may use postgraduate education
to overcome labour market discrimination or to enhance their competitiveness—
a pattern observed in other South Asian contexts (UNESCO, 2022). This finding,
while also imprecise, offers a potential explanation for the employment gap and
points to the need for targeted career counselling for female students.

Placement support: an interesting descriptive difference

The bivariate comparison presented in Section 3.5 showed a 23-percentage point
difference in employment between alumni satisfied with placement support
(71.4% employment) vs. dissatisfied (48.3% employment; ¥*=4.89, p=0.027).
However, the multivariate regression in Table 6 was imprecise (OR=1.52, 95%
CI: 0.91-2.55, p=0.106). This is consistent with the school-to-work transition
literature, which emphasizes signaling, networking, and skill certification as
mechanisms through which structured placement support facilitates employment
(ILO, 2013; Schomburg, 2014). Similar patterns have been documented in tracer
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studies from Bangladesh and Pakistan (Vijayakumar et al., 2025; FAO, 2021). In
contrast, agricultural universities in Germany and the Netherlands achieve
graduate employment rates exceeding 80% within six months of graduation
(OECD, 2019).

Due to small subgroup sizes (satisfied n=21; dissatisfied n=33, Section 3.5), this
should not be interpreted as a causal 'dividend." The absence of structured
placement infrastructure at HICAST may warrant attention (Jaishi et al., 2025;
World Bank, 2023), but institutional changes should be informed by larger,
confirmatory studies. The qualitative comments in Section 3.6 reinforce this: 44%
of respondents highlighted the absence of transition support, with one graduate
stating, 'There should be a dedicated cell for carecer guidance—Ilike what
engineering colleges have—with job fairs and alumni networking.' Establishing
such a cell would be a low-cost, high-potential intervention, but its effectiveness
should be evaluated empirically within 3-5 years.

Comparison with national and international studies

Within Nepal, HICAST graduate full-time employment rate (60.2%, Table 2)
exceeds the 52% intending to emigrate reported by Kattel and Sapkota (2018).
The unemployment rate (15.1%, Table 2) is below Nepal's national youth
unemployment (18.2%, CBS, 2021). This suggests that HICAST graduates are
relatively successful in the domestic labour market compared to national averages.

The gender gap (OR~2.4, Table 6) is larger than in some Indian universities with
targeted placement efforts (Times of India, 2025), highlighting potential areas for
intervention. Our findings also mirror Teferra's (2016) synthesis of 11 African
tracer studies, where entrepreneurship satisfaction averaged 2.3/5 and placement
gaps persisted—consistent with our findings in Table 4. This suggests SIGPM
may generalize beyond Nepal.

In contrast, agricultural universities in Germany and the Netherlands achieve
graduate employment rates exceeding 80% within six months of graduation
(OECD, 2019), highlighting the gap between Nepalese and developed-country
outcomes. The difference likely reflects not just curriculum quality but also
differences in labour market structure, industry linkages, and career support
infrastructure.

Theoretical contributions

This study makes two theoretical contributions. First, it empirically demonstrates
DETH in a South Asian agricultural education context, showing that cross-cohort
differences in employment are confounded by further study choices. Table
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3 illustrates this clearly: as further studies increase from 14.3% to 38.9% across
cohorts, raw employment rates decline from 71.4% to 44.4%, yet the continuous-
year regression in Table 6 (OR=0.98 per year, p=0.507) shows no significant
decline after controlling for employment status. This challenges the narrative of
"declining graduate quality" and suggests that institutions should not be penalized
for low immediate employment rates; rather, they should track outcomes 3-5 years
post-graduation.

Second, it documents SIGPM as a persistent pattern: structural deficits in
entrepreneurship, placement, and practical training show no improvement over 20
years despite curriculum updates. Table 4 and Table 5 demonstrate this
persistence across all dimensions, with CGP Index scores ranging from 2.2
(practical exposure) to 2.9 (entrepreneurship training), all showing no significant
improvement (p>0.15). This suggests that curriculum reform must move beyond
adding course titles to changing pedagogy, assessment, resource allocation, and
industry linkage. The model provides a framework for understanding why
institutional investments in infrastructure and faculty may not translate into
improved graduate outcomes if pedagogical and support systems lag behind.

Implications for HICAST and Nepalese agricultural education

The findings have several implications. For HICAST, the study provides
actionable evidence for curriculum reform. The persistent gaps in
entrepreneurship (mean 2.1/5, CGP=2.9, Table 4) and placement support (mean
2.3/5, CGP=2.7) suggest that the college should prioritize: (1) establishing a
dedicated career placement cell; (2) embedding Agriculture 4.0 competencies
(GIS, data analytics) into the core curriculum; (3) strengthening practical
exposure through mandatory internships and field-based learning; and (4)
developing entrepreneurship incubation programs. The qualitative findings in
Section 3.6 reinforce these priorities, with 68% of respondents calling for more
practical exposure and 44% advocating for structured transition support.

For Nepal's agricultural education sector, this study demonstrates the value of
tracer studies as a quality assurance tool. The University Grants Commission,
Ministry of Agriculture and Livestock Development, and Nepal Agricultural
Research Council should mandate annual tracer studies for all agricultural
colleges, establish a national graduate employment observatory, and condition
accreditation on minimum placement and entrepreneurship standards.

The study also highlights the need for gender-equity interventions. While the
gender difference (OR=2.36, Table 6) is not statistically confirmatory, the pattern
warrants attention. HICAST could implement a voluntary Gender Equity Audit
tracking graduate outcomes by gender, employer callback rates, and career
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progression. Anti-bias training for employer partners and targeted career
counselling for female students (UNESCO, 2022) may be considered.

Several limitations apply to this study. First, the single-institution sample
(n=93, Table 1) limits the generalizability of findings to other agricultural
colleges in Nepal. Second, a precise response rate could not be calculated because
the survey was distributed through multiple overlapping channels (alumni
network, social media, snowball sampling), and the total number of unique alumni
reached could not be determined. While early-late respondent comparisons
showed no significant differences (p>0.20), suggesting no systematic non-
response bias, the inability to calculate a precise response rate remains a
limitation.

Third, the cross-sectional design and absence of employer perspectives preclude
causal inference and multi-stakeholder validation. Fourth, with only 56 employed
cases, statistical power is limited; imprecise estimates and wide confidence
intervals—notably regarding gender (95% CI: 0.98-5.71, Table 6)—necessitate
treating regression results as exploratory and hypothesis-generating rather than
confirmatory. Fifth, the 2024-2025 cohort is a partial cohort (covering only two
years, Table 3), which may affect representativeness for the most recent
graduates.

Finally, the Curriculum Gap Persistence (CGP) Index uses an arbitrary 5/5
benchmark; while useful for relative ranking, it should not be interpreted as an
absolute quality measure. Consequently, while these findings provide analytical
depth for HICAST, they are not statistically generalizable to all 35 agricultural
colleges in Nepal. Future tracer studies should maintain a single, comprehensive
alumni contact registry to enable precise response rate calculation and should
include employer perspectives to triangulate graduate self-reports.

LIMITATIONS

Several limitations apply to this study. First, the single-institution sample (n=93)
limits the generalizability of findings to other agricultural colleges in Nepal.
Second, a precise response rate could not be calculated because the survey was
distributed through multiple overlapping channels (alumni network, social media,
snowball sampling), and the total number of unique alumni reached could not be
determined. While early-late respondent comparisons showed no significant
differences (p>0.20), suggesting no systematic non-response bias, the inability to
calculate a precise response rate remains a limitation.

Third, the cross-sectional design and absence of employer perspectives preclude

causal inference and multi-stakeholder validation. Fourth, with only 56 employed
cases, statistical power is limited; imprecise estimates and wide confidence
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intervals—notably regarding gender (OR: 1.01-5.89)—necessitate treating
regression results as exploratory and hypothesis-generating rather than
confirmatory. Fifth, the 2024-2025 cohort is a partial cohort (covering only two
years), which may affect representativeness for the most recent graduates.

Finally, the Curriculum Gap Persistence (CGP) Index uses an arbitrary 5/5
benchmark; while useful for relative ranking, it should not be interpreted as an
absolute quality measure. Consequently, while these findings provide analytical
depth for HICAST, they are not statistically generalizable to all 35 agricultural
colleges in Nepal. Future tracer studies should maintain a single, comprehensive
alumni contact registry to enable precise response rate calculation and should
include employer perspectives to triangulate graduate self-reports.

CONCLUSION

This 20-year tracer study (2004-2025) provides a detailed, hypothesis-generating
case study of graduate employability and curriculum gaps in a Nepalese
agricultural college. Patterns observed in the sample are consistent with the
Delayed Employability Transition Hypothesis (DETH), suggesting that cohort
differences in employment may partly reflect further study choices rather than
declining graduate quality. However, confirmatory research with larger, multi-
institution samples is required to validate DETH statistically.

The persistence of low satisfaction with entrepreneurship training (mean 2.1/5
across 20 years) is a robust descriptive finding, as it does not depend on
significance thresholds. In contrast, the observed gender difference (OR = 2.44)
and placement support association (p = 0.083) are imprecisely estimated and
should not drive policy without replication. The transition to an Agriculture 4.0
knowledge-based economy requires deliberate curricular reform, particularly in
digital competencies, entrepreneurship incubation, and experiential learning, but
institutional changes should be informed by adequately powered studies.

RECOMMENDATIONS

Institutionalization of a strategic placement and industry liaison cell

The study found a descriptive 23-percentage point difference in employment
between alumni satisfied vs dissatisfied with placement support (71% vs 48%; p
= 0.027 in bivariate comparison). While this difference is educationally
interesting, its statistical precision is limited (logistic regression p = 0.083; wide
CI). Nevertheless, given consistency with prior literature (Schomburg, 2014; ILO,
2013), the establishment of a formal Career Placement and Industry Liaison Cell
is a reasonable hypothesis-driven recommendation — but its effectiveness should
be evaluated empirically.
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Implementation of gender equity audits

The regression analysis showed a possible gender difference (OR =2.44; 95% CI:
1.01-5.89; p = 0.048), though the confidence interval is wide. If replicated in
larger samples, this would suggest a structural barrier. As a precautionary,
hypothesis-driven measure, the institution could implement a voluntary Gender
Equity Audit, but mandatory interventions are not yet justified by the precision of
these estimates.

Curricular decoupling and integration of agriculture

The high Curriculum Gap Persistence (CGP) Index observed in entrepreneurship
(CGP = 2.9) and digital competencies highlights a critical failure of routine
curriculum reviews to address structural skill deficits. Addressing this requires an
aggressive "decoupling" of pedagogy from traditional, theory-heavy models. The
institution must prioritize the embedding of Agriculture 4.0 competencies—
specifically Geographic Information Systems (GIS), data analytics (R, Python),
and project-based entrepreneurship incubation—within the core academic
framework.

Implications for national policy

The University Grant Commission, Ministry of Agriculture and Livestock
Development, and Nepal Agricultural Research Council should mandate annual
tracer studies for all agricultural colleges, establish a national graduate
employment observatory, condition accreditation on minimum placement and
entrepreneurship standards, and create a national internship matching platform.
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ABSTRACT

Vaginal prolapse in dogs is a clinically significant reproductive disorder
characterized by protrusion of vaginal tissue through the wvulvar Ilabia,
predominantly occurring during estrus or parturition. This literature review
synthesizes current knowledge regarding the -etiopathogenesis, breed
predispositions, clinical manifestations, diagnostic approaches and treatment
modalities of canine vaginal prolapse. Evidence from peer reviewed literature
indicates that brachycephalic and large or giant breed dogs demonstrate
significantly higher prevalence rates with estrogen-driven edema during proestrus
and estrus serving as the primary pathophysiological mechanism. Conservative
and surgical management options are reviewed along with prognostic
considerations and preventive strategies.

Keywords: Brachycephalic breeds, canine vaginal prolapse, estrogen edema,
reproductive disorders, vaginal hyperplasia

INTRODUCTION

Vaginal prolapse (vaginal hyperplasia, vaginal fold prolapse or vaginal edema) is
a condition in which vaginal mucosa protrudes beyond the vulvar lips of intact
female dogs (Fossum, 2019). The condition is most commonly observed during
proestrus and estrus phases of the reproductive cycle when elevated estrogen
concentrations stimulate mucosal hypertrophy and edema (Johnston et al., 2001).
Less frequently, the condition manifests during parturition or in the immediate
postpartum period where physical straining and relaxation of pelvic ligaments
predispose the vaginal floor to prolapse (Wykes & Soderberg, 1983).

The clinical importance of vaginal prolapse cannot be overstated. Beyond the
immediate welfare implications, including pain, dysuria and susceptibility to
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mucosal trauma, the condition carries significant reproductive consequences.
Affected dogs may experience dystocia, inability to achieve natural mating,
urethral obstruction and secondary bacterial contamination of exposed mucosa
(Bigliardi et al., 2004; Root Kustritz, 2006). Furthermore, the condition
demonstrates a well-established hereditary component, raising ethical concerns
regarding the breeding of affected animals (Ettinger & Feldman, 2017). Despite
its recognized clinical significance, vaginal prolapse in dogs remains an area
where systematic, large-scale epidemiological data are limited. Much of the
existing literature consists of case reports, case series and retrospective analyses
from veterinary teaching hospitals. This review aims to consolidate available
evidence, identify knowledge gaps and provide a structured reference for
clinicians and researchers engaged with canine reproductive medicine.

CLASSIFICATION AND CLINICAL GRADING

The most widely adopted classification system divides vaginal prolapse into three
grades (Fossum, 2019; Johnston et al., 2001)

Type I (Mild):

Mild folding of the vaginal mucosa within the vaginal vault. Tissue does not
protrude beyond the vulvar lips and often detected only on digital or speculum
examination.

Type II (Moderate):

A tongue shaped or donut shaped mass of edematous vaginal mucosa protrudes
through the vulvar lips and urethral orifice may be displaced but remains
accessible.

Type III (Severe):

Complete circumferential eversion of the vaginal wall and the entire vaginal
cylinder is exposed. Urethral catheterization may be difficult and risk of ischemic

necrosis is highest.

This grading system has been validated in multiple retrospective studies and is
used to guide treatment decisions (Bigliardi et al., 2004; Pretzer, 2008).
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EPIDEMIOLOGY AND BREED PREDISPOSITION

Overall prevalence

Vaginal prolapse is considered relatively uncommon in the general canine
population, though exact prevalence figures are difficult to establish due to
variable reporting and the likelihood of underdiagnosis in subclinical cases (Root
Kustritz, 2006). Retrospective data from veterinary teaching hospitals suggest that
it accounts for a small but consistent proportion of reproductive emergency
presentations, particularly during spring and early summer months that
correspond to peak estrous activity in many geographic regions (Schaefer-Somi
et al., 2003).

Age of onset

The condition predominantly affects young, sexually mature, intact females
during their first or second estrous cycle (Johnston et al., 2001). Meyers-Wallen
et al. (1986) reported a mean age of onset of approximately 2.5 years in a
retrospective case series, consistent with subsequent reports. While the condition
can recur in successive estrous cycles without ovariohysterectomy, the severity
may vary between cycles (Linde-Forsberg, 2005).

Breed predisposition

Breed predisposition is one of the most consistently reported epidemiological
features of canine vaginal prolapse. Brachycephalic breeds and large-to-giant
breed dogs are disproportionately represented in the literature (Ettinger &
Feldman, 2017; Fossum, 2019). The genetic basis is supported by the familial
clustering of cases and the recommendation against breeding affected individuals
(Root Kustritz, 2006). Similar breed predispositions have been reported in Nepal
and India (Koirala & Paudel, 2018; Kumar et al., 2015).

Hormonal mechanisms

The fundamental pathophysiological mechanism underlying vaginal prolapse in
dogs is the exaggerated tissue response to estrogen during proestrus and estrus
(Johnston et al., 2001; Romagnoli & Concannon, 2003; Sontas et al., 2003).
Estrogen stimulates proliferation of vaginal epithelial cells and promotes fluid
accumulation within the submucosal connective tissue, resulting in edema and
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hypertrophy of the vaginal mucosa (Schaefer-Somi et al., 2003). In genetically
predisposed individuals, this normal physiological response is amplified to a
degree that causes structural prolapse (Root Kustritz, 2006).

Elevated circulating estrogen concentrations during proestrus trigger increased
vascular permeability in the vaginal submucosa (Bigliardi et al., 2004). The floor
of the vagina, particularly the region cranial to the urethral tubercle, is most
susceptible due to its relatively loose attachment to surrounding structures
(Fossum, 2019). As edema accumulates, the mucosal fold enlarges and may
eventually protrude beyond the vulvar lips, constituting a clinical prolapse (Linde-
Forsberg, 2005).

Table 1. Dog breeds most commonly affected by vaginal prolapse

Rank | Breed Category Relative Reported frequency References
risk
1 English  Bull | Brachycephalic Very High Most frequently cited | Fossum (2019);
dog breed in case series Johnston et al. (2001);
Ettinger & Feldman
(2017)
2 Brachycephalic Very High Consistently among top 3 | Wykes & Soderberg
Boxer reported breeds (1983); Root Kustritz
(2006)
3 Mastiff Large / Giant High Frequently reported in | Bigliardi et al. (2004);
(English & Bull large-breed case series Pretzer (2008)
Mastiff)
4 Saint Bernard Large / Giant High Multiple case reports and | Johnston et al. (2001);
retrospective data Linde-Forsberg
(2005)
5 Labrador Large / Sporting High High overall population | Schaefer-Somi et al.
Retriever numbers inflate reporting | (2003); Root Kustritz
(2006)
6 German Large / Herding Moderate— Recurrent cases | Meyers-Wallen et al.
Shepherd High documented (1986); Fossum
(2019)
7 Moderate Giant breed | Johnston et al. (2001);
Great Dane Giant predisposition confirmed | Fossum (2019)
8. Doberman Large / Working Low— Occasional case reports Root Kustritz (2006);
Pinscher Moderate Pretzer (2008)
9. Rottweiler Large / Working Low— Sporadic  reports in | Ettinger & Feldman
Moderate literature (2017)
10. Mixed Breeds Variable Low Underrepresented Meyers-Wallen et al.
relative to purebreds (1986)

Note: Relative risk categorizations are based on proportional representation in published case series
and retrospective studies relative to population-level breed prevalence. ""Very High" denotes breeds
appearing in the majority of published case series; "High" denotes breeds frequently mentioned;
"Moderate' denotes breeds with consistent but less frequent reporting; "Low-Moderate" denotes
breeds with sporadic but documented occurrences.
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Anatomical predisposing factors

Anatomical conformation plays a significant contributory role, particularly in
brachycephalic breeds (Ettinger & Feldman, 2017). Shorter pelvic dimensions,
altered perineal conformation, and reduced structural support of pelvic floor
musculature in these breeds are hypothesized to lower the threshold for prolapse
development (Fossum, 2019). In large and giant breeds, the increased body mass
and gravitational forces on pelvic structures may similarly predispose to prolapse
(Johnston et al., 2001).

Genetic factors

A hereditary predisposition is strongly suggested by the breed clustering of cases
and the observation of familial recurrence (Meyers-Wallen et al., 1986). Root
Kustritz (2006) explicitly recommends that dogs with vaginal prolapse not be used
for breeding, both to prevent perpetuation of the hereditary predisposition and
because affected females frequently cannot achieve natural mating due to the
mechanical obstruction posed by the prolapsed tissue. The specific genetic loci or
inheritance patterns have not been fully characterized, representing a gap in
current knowledge (Pretzer, 2008).

Parturition associated sectors

A subset of vaginal prolapse cases occurs during or immediately after parturition,
where the combination of physical straining, relaxation of pelvic ligaments under
the influence of relaxion and progesterone withdrawal, and increased intra-
abdominal pressure creates conditions favorable for prolapse (Wykes &
Soderberg, 1983). These cases may involve true circumferential vaginal prolapse
rather than the more common focal fold prolapse associated with estrus (Bigliardi
et al., 2004).
CLINICAL PRESENTATION

History and signalment

Clinicians should maintain a high index of suspicion for vaginal prolapse in any
intact female dog of a predisposed breed presenting with vulvar swelling,
excessive licking of the perineum or apparent dysuria during proestrus or estrus
(Root Kustritz, 2006). The owner may report observation of a pink-to-red tissue
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mass protruding from the vulva which may be the first indication of a Type II or
Type III prolapse (Fossum, 2019).

Physical findings

On physical examination, the hallmark finding is a pink, moist, edematous tissue
mass protruding from the vulvar lips (Johnston et al., 2001). The mass may range
from a small, tongue-shaped protrusion in Type II cases to a large, donut-shaped
or spherical mass representing complete circumferential eversion in Type I1I cases
(Bigliardi et al., 2004). The surface of the prolapsed tissue may appear smooth
and glistening in early cases, but prolonged exposure leads to desiccation,
ulceration, hemorrhage, and secondary infection (Schaefer-Somi et al., 2003).
Urethral patency must be assessed in all cases, as the urethral orifice may be
displaced or compressed by the prolapsed mass (Pretzer, 2008). Inability to pass
a urinary catheter constitutes a medical emergency requiring immediate
intervention (Fossum, 2019).

Systemic signs

Most cases of vaginal prolapse are not associated with systemic illness and
affected dogs are typically alert, normothermic, and otherwise healthy (Johnston
et al., 2001). However, secondary complications including urethral obstruction,
ascending urinary tract infection and ischemic necrosis of the prolapsed tissue can
produce systemic signs including pyrexia, lethargy, anorexia, and signs of sepsis
in severe or neglected cases (Bigliardi et al., 2004).

DIAGNOSIS

Clinical diagnosis

In the majority of cases, diagnosis is straightforward and based on clinical
presentation, signalment and reproductive history (Root Kustritz, 2006). The
presence of a protruding vaginal mass in an intact female dog of reproductive age
during proestrus or estrus is essentially pathognomonic (Fossum, 2019).

Vaginal cytology

Vaginal cytology is a valuable adjunct that confirms the stage of the estrous cycle
and can support the clinical diagnosis (Johnston et al., 2001). During proestrus
and estrus, cytological examination reveals predominantly superficial and
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cornified epithelial cells with reduced numbers of neutrophils, consistent with
estrogen dominance (Schaefer-Somi et al., 2003).

Table 2. Causative and predisposing factors for vaginal prolapse in dogs
(most common to least common)

Rank | Causative Category Frequency Mechanism References

1. Estrogen-driven Hormonal Most Elevated estrogen — submucosal | Johnston et al. (2001);
mucosal  edema Common edema — mucosal hypertrophy and | Fossum (2019); Root
during protrusion Kustritz (2006)
proestrus/estrus

2. Genetic /| Genetic Very Familial clustering; breed-specific | Meyers-Wallen et al.
Hereditary Common amplified tissue response to | (1986); Root Kustritz
predisposition estrogen (2006);  Ettinger &

Feldman (2017)

3 Brachycephalic Anatomical Common Altered pelvic geometry; reduced | Fossum (2019); Ettinger

conformation structural support; exaggerated | & Feldman  (2017);
estrogen response Johnston et al. (2001)

4 Large / Giant | Anatomical Increased gravitational force on | Johnston et al. (2001);
breed body type Common pelvic structures; greater intra- | Bigliardi et al. (2004)

abdominal pressure

5 Straining  during | Obstetric Moderately Increased intra-abdominal pressure | Wykes &  Soderberg
parturition Common + pelvic ligament relaxation (1983); Bigliardi et al.
(dystocia) (2004)

6 Relaxation of | Hormonal— Moderately Relaxin and progesterone | Schaefer-Somi et al.
pelvic ligaments | Obstetric Common withdrawal  reduce  structural | (2003); Linde-Forsberg
(relaxin effect) support at parturition (2005)

7 Chronic tenesmus/ | Mechanical Less Rectal or wurinary straining | Pretzer (2008); Fossum
straining (non- Common increases intra-abdominal pressure | (2019)
obstetric) chronically

8 Exogenous Tatrogenic Less Pharmacological estrogen — same | Root Kustritz (2006);
estrogen Common mucosal edema pathway as | Johnston et al. (2001)
administration endogenous hormone

9 Ovarian cystic | Pathological- | Less Persistent follicular cysts produce | Bigliardi et al. (2004);
disease (follicular | Hormonal Common sustained elevated estrogen Schaefer-Somi et al.
cysts) (2003)

10 Poor perineal | Anatomical Less Reduced structural integrity of | Fossum (2019); Linde-
muscular support / Common perineum and pelvic floor Forsberg (2005)
conformation

11 Previous vaginal | Pathological Uncommon Disruption of normal tissue | Pretzer (2008); Ettinger
trauma or scarring architecture reduces resistance to | & Feldman (2017)

prolapse

12 Obesity Systemic  / | Uncommon Increased  intra-abdominal  fat | Root Kustritz (2006);

Metabolic increases chronic pressure on | Fossum (2019)
pelvic structures

13 Recurrent estrous | Reproductive | Uncommon Repeated estrogen stimulation | Meyers-Wallen et al.
cycles without without the protective effects of | (1986); Johnston et al.
pregnancy gestation (2001)

14 Secondary Infectious Uncommon Infection causes mucosal swelling, | Bigliardi et al. (2004);
bacterial infection (secondary) edema, and prevents spontaneous | Schaefer-Somi et al.
(perpetuating reduction (2003)
factor)

15 Nutritional Nutritional Rare Poor collagen synthesis reduces | Pretzer (2008); Linde-
deficiencies structural support of vaginal wall Forsberg (2005)
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(connective tissue
integrity)

Note: Frequency designations are based on relative reporting rates across published case series and
reviews. "Most Common" to "Rare" reflect the weight of evidence in the available literature rather
than precise epidemiological quantification.

Cytology also helps differentiate vaginal prolapse from vaginal neoplasia, where
exfoliated neoplastic cells may be identified (Pretzer, 2008).

Vaginoscopy

Vaginoscopy allows direct visualization of the vaginal lumen and characterization
of the prolapsed tissue, facilitating classification by grade and identification of the
urethral orifice (Linde-Forsberg, 2005). It also enables differentiation between
true circumferential prolapse and focal fold prolapse which has therapeutic
implications (Fossum, 2019).

Imaging

Radiography and ultrasonography are not routinely required for diagnosis of
uncomplicated vaginal prolapse but may be indicated when complications are
suspected (Ettinger & Feldman, 2017). Abdominal ultrasonography can identify
concurrent uterine pathology, ovarian cysts or urinary tract abnormalities
(Bigliardi et al., 2004). In cases of suspected neoplasia, computed tomography
may be employed to assess for local invasion or metastatic disease (Pretzer, 2008).

Histopathology

Biopsy of the prolapsed tissue is rarely required for diagnosis of uncomplicated
vaginal prolapse but is indicated when neoplasia cannot be excluded on clinical
grounds (Root Kustritz, 2006). Histopathological examination reveals marked
edema, vascular congestion and epithelial hyperplasia of the vaginal mucosa,
without evidence of cellular atypia in benign cases (Schaefer-Somi et al., 2003).

Differential diagnosis
Several conditions must be differentiated from vaginal prolapse including
(Fossum, 2019; Johnston et al., 2001):

e Vaginal neoplasia: Transmissible venereal tumor (TVT), leiomyoma,
fibroma and adenocarcinoma may produce vaginal masses. TVT is
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particularly important in endemic regions and is distinguished by
cytological and histopathological examination.

e C(litoral hypertrophy: Enlargement of the clitoris may be confused with
vaginal prolapse. Digital examination and vaginoscopy clarify the
anatomical origin.

e  Uterine prolapse: True uterine prolapse is rare in dogs and involves
protrusion of the uterine body or horn and it is most commonly
postpartum.

e  Urethral prolapse: Primarily reported in male dogs but documented in
females. It involves protrusion of the urethral mucosa at the external
urethral orifice.

e Perineal hernia: Disruption of the pelvic diaphragm may produce
perineal swelling that can be confused with genital prolapse.

MANAGEMENT

Conservative management

For Type I and mild Type II cases, conservative management may be appropriate,
particularly if the owner declines surgery or the dog is intended for breeding (Root
Kustritz, 2006). Conservative measures include manual reduction of the prolapsed
tissue, application of hypertonic agents such as dextrose solution to reduce edema,
lubrication with water soluble gels, application of protective bandaging and
placement of a temporary vulvar retention suture to prevent re-prolapse (Fossum,
2019; Johnston et al., 2001).

Medical management with progestins or GnRH agonists to suppress estrus has
been employed as an adjunct to conservative treatment (Pretzer, 2008). The goal
is to hasten the transition from estrus to diestrus, reducing circulating estrogen
and thereby facilitating spontaneous resolution of the edema (Linde-Forsberg,
2005). Importantly, vaginal prolapse associated with estrus will typically resolve
spontaneously when the dog transitions into diestrus, making conservative
management viable in cases without complications (Root Kustritz, 2006).

Surgical management

Surgical intervention is indicated for Type III prolapse, cases with urethral
obstruction, ischemic or necrotic tissue, failure of conservative management or
owner preference for definitive treatment (Fossum, 2019; Sathiamoorthy et al.,
2014; Patil & Pawshe, 2012).
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Episiotomy and Manual Reduction: For severely prolapsed tissue, episiotomy
may be required to facilitate manual reduction before definitive surgical repair
(Wykes & Soderberg, 1983). Vaginoplasty (Resection of Prolapsed Tissue):
Surgical resection of the hyperplastic vaginal fold is the definitive treatment for
recurrent or severe cases (Bigliardi et al., 2004). The procedure involves
circumferential resection of the edematous mucosal fold with primary mucosal
apposition. Careful identification and protection of the urethral orifice is essential
(Fossum, 2019).

Ovariohysterectomy (OHE): Ovariohysterectomy is the definitive preventive
measure and eliminates the hormonal stimulus for recurrence (Johnston et al.,
2001). It is strongly recommended for dogs not intended for breeding and may be
performed concurrently with vaginoplasty or as the sole treatment in cases where
spontaneous resolution is anticipated following hormone withdrawal (Root
Kustritz, 20006).

Wound Care and Postoperative Management

Regardless of treatment approach, meticulous wound care is essential (Schaefer-
Somi et al., 2003). The exposed vaginal mucosa should be kept clean and moist
with regular lavage using sterile saline or dilute chlorhexidine solution. Topical
antibiotics and lubricants prevent desiccation and secondary infection (Pretzer,
2008). An Elizabethan collar prevents self-trauma (Fossum, 2019).

Antibiotic therapy

\Systemic antibiotic therapy is indicated when secondary bacterial infection is
confirmed or when necrotic tissue is present (Bigliardi et al., 2004). Antibiotic
selection should ideally be guided by culture and sensitivity results from swabs of
the prolapsed tissue surface (Schaefer-Somi et al., 2003).

PROGNOSIS

The prognosis for vaginal prolapse in dogs is generally favorable when
appropriate treatment is instituted promptly (Root Kustritz, 2006). Cases managed
conservatively during estrus typically resolve without permanent sequelae as the
dog enters diestrus (Johnston et al., 2001). However, recurrence in subsequent
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estrous cycles is highly probable without ovariohysterectomy, occurring in the
majority of affected dogs (Meyers-Wallen et al., 1986). Surgical resection
combined with ovariohysterectomy provides the best long-term prognosis, with
low recurrence rates (Fossum, 2019). Cases complicated by ischemic necrosis,
urethral obstruction or sepsis carry a more guarded prognosis and require
intensive management (Bigliardi et al., 2004). Reproductive prognosis is
compromised in affected dogs. Natural mating is often impossible due to
mechanical obstruction by the prolapsed tissue, and artificial insemination may
be required (Linde-Forsberg, 2005). Whelping complications including dystocia
are more frequent in affected dogs (Wykes & Soderberg, 1983). Given the
hereditary predisposition, breeding of affected individuals is ethically
questionable and professionally discouraged (Root Kustritz, 2006).

PREVENTION AND CONTROL

Prevention centers on elimination of the hormonal stimulus through early
ovariohysterectomy in predisposed breeds (Johnston et al., 2001). Breeders of
predisposed breeds should be counseled regarding the hereditary nature of the
condition and the ethical implications of breeding affected individuals (Root
Kustritz, 2006). Avoidance of exogenous estrogen administration in intact
females of predisposed breeds is also advisable (Ettinger & Feldman, 2017).

CONCLUSION

Vaginal prolapse in dogs is a well-characterized reproductive disorder with a clear
hormonal etiopathogenesis, strong breed predispositions, and a spectrum of
clinical severity ranging from incidental subclinical findings to life-threatening
emergencies. The English Bulldog, Boxer, Mastiff, Saint Bernard, Labrador
Retriever and German Shepherd are among the breeds most frequently reported
in the literature. Estrogen-driven mucosal edema during proestrus and estrus is
the predominant causative mechanism, with genetic predisposition,
brachycephalic conformation, large body type and parturition-related factors
serving as significant contributing elements.

Diagnosis is primarily clinical, supported by vaginal cytology and vaginoscopy.
Treatment ranges from conservative management with lubrication and hypertonic
agents to surgical vaginoplasty with concurrent ovariohysterectomy for definitive
prevention of recurrence. The prognosis is generally favorable with appropriate
and timely intervention.
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Future research priorities should include large scale epidemiological studies to
establish true prevalence and breed specific incidence rates, genetic studies to
identify specific hereditary markers and prospective clinical trials comparing
conservative versus surgical management outcomes across different severity
grades. In Nepal, published epidemiological data on canine vaginal prolapse are
limited and existing knowledge is primarily based on hospital case records and
clinical experience. Veterinary teaching and referral institutions such as
Himalayan College of Agricultural Sciences and Technology report that the
condition is encountered periodically in small animal practice, particularly in
urban centers such as Kathmandu. However, no structured breed wise or
population based epidemiological studies are currently available in Nepal and
therefore no definitive conclusions regarding breed specific risk can be made for
the country. This highlights a significant gap in veterinary reproductive
epidemiology in Nepal and underscores the need for further systematic studies to
better understand disease distribution and risk factors in the canine population.
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