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RESEARCH ARTICLES

POST-HARVEST AND QUALITATIVE
PERFORMANCE OF HYBRID CULTIVARS OF
CAULIFLOWER GROWN AT DANG CONDITION

Manoj Basnet!’, Arvind Srivastava?, Kalyani Mishra? and

Kishor Chandra Dahal!
Tribhuvan University, Institute of Agriculture and Animal Science, Kathmandu
2Agriculture and Forestry University, Faculty of Agriculture, Rampur, Chitawan
"Corresponding Author : manoj @iaas.edu.np

ABSTRACT

The study was conducted at Tulsipur, Dang for two years (2021 and 2022 A.D.)
to assess postharvest quality performance of hybrid cauliflower. Five hybrid
cauliflower cultivars viz. Show Best, Snow Crown, Super White Top, Rami and
Damy were replicated four timesin Randomized Compl ete Block Design. Freshly
harvested curds from respective plots were considered in this study. Highest |eaf
dry matter (13.59%) and TSS (7.060°Brix) was found in Super White Top and
Show Crown, respectively whereas lowest leaf dry matter (11.50%) and TSS
(5.12°Brix) in Rami. The color (7.820), compactness score (8.165) in Snow Crown
and appearance score (7.846) in Show Best was highest whereas lowest color
(6.290), compactness (6.040) and appearance score (5.39) in Rami. Super White
Top showed lowest physiological loss in curd weight with jacket leaves i.e.
13.99%, 20.21% and 27.66% at 5, 7 and 9 days after harvesting (DAH)
respectively whereas Rami showed the highest loss i.e. 19.02%, 24.36%, and
30.73% at 5, 7 and 9 DAH, respectively. Lowest physiological losses in curd
weight without jacket leaves recorded were 13.29%, 18.15%, and 23.70 3% at 3,
5and 7 (DAH,) respectively in Snow Crown and 29.78% at 9 DAH in Super White
Top whereas, the highest lossi.e. 15.46%, 24.65% and 29.56% at 3, 5and 7 DAH
respectively in Dami and 37.80% at 9DAH Rami. Lowest spoilage loss of curd
with and without jacket |eaves was recorded in Snow Crown 29.23% and 35.79%
respectively whereas the highest in Damy cultivar i.e. 35.31% and 43.60%
respectively.

Keywords. Cauliflower, postharvest, hybrid, cultivars, Nepal
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INTRODUCTION

Cauliflower (Brassica oleracea var. botrytis L.), queen of winter vegetables, is
an important vegetable widely grown in Terai, and Mid Hills (Pradhan et al.,
2023) of Nepal and is known to be originated in Mediterranean region (Bose and
Som, 1993). The immature flower buds are usually used for consumption which
contains carbohydrates, protein, fat, potassium, phosphorous, Sulphur, iron,
copper, carotenoids, p-carotene, vitamin-A, B1 and C. In context of Nepal, atotal
of 574,798 mt of cauliflower is produced in an area of 35,765 ha land with an
average productivity of 14.95 mt/ha. In addition, Dang district covers an area of
385 ha of land with total production of 5,899 mt productivity of 15.32 (MOAD,
2020/21). Nepal government has realized the importance and the scope of
vegetable farming along with the emerging cauliflower asagood source vegetable
enterprise providing income within short period of time.

Several hybrid cultivars from different country have been imported in Nepal in
relation to productivity every year because of open boarder situation. Several
production trials have been experimented at farmer'sfield before they reach to the
farmers. In spite of this, the productivity of cauliflower has not still reached the
desired level. The yield variation among different cultivars might be due to the
environmental variations at different regions (Ndiaga, 2000). In addition, genetic
and heritable variability also govern the vegetative characteristics and curd yield
traits. Thereisamust need for genetic improvement and research study to develop
the cultivars with acceptable and better traits.

Magjority of the farmersin Nepal are cultivating cauliflower in winter season and
itisamust need to identify the best hybrid cultivars at Nepalese condition. In the
same line, this study aims to find out the best hybrid cauliflower cultivars suited
for Dang condition of Lumbini province.

MATERIALSAND METHODS

Location and design of the study

The research was carried out at Horticulture department of Campus of Live
Sciences situated at Tulsipur, Dang during 2021 and 2022 A.D. Five hybrid
cauliflower cultivars viz. Snow Crown, Super White Top, Snow Best, Rami and
Damy were replicated four timesin Randomized Complete Block Design. Freshly
harvested curds from the respective plots were considered in postharvest and
sensory study and carried out under laboratory condition. The laboratory research
was laid out in Completely Randomized Design (CRD) with four replications.
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Deter mination of dry matter content of leaf and curd

According to Panthi et al. (2020) the harvested curds and leaves from each plot
were cut individually and 100 gm sample of leaf and curds were oven dried for
48 hoursat 650C in hot air oven (SSU-106 Oven Universal-Memert type, Sanjeev
Scientific Udyog, India). The percent dry matter content was calculated by using

the formula as;

DM = WD) o 100
Ws

Where, DM = Dry matter (%), Ws = curd sample (gm), Ds= Oven dry sample (g)

Deter mination of vitamin c content of curd

Firstly, 5 ml of working standard solution was prepared by dissolving fresh
cauliflower curd sample. Then, 10 ml of 4 % oxalic acid (Fizmerk, Fizmerk India
Chemicals, India) added to the standard solution, and titrated against the dye
(V1ml) until the appearance of pink color (end-point), thus the amount of dye
consumed is equivalent to the amount of ascorbic acid. To make known volume
(100 ml), 0.5-5 g sample was extracted on 4 % oxalic acid and centrifuged. Then,
5 ml of supernatant was pipette out (ZI 2066D, Zeal International, India) and 10
ml of 4 % oxalic acid added. It was titrated against the dye (V2 ml) until pink
color develops (Basnet et al., 2017). Finally, amount of ascorbic acid (vitamin C)

calculated with the following formula
1000.5 mgxV2 ml X100 ml)
V1 ml x5ml xwt.of sample)

Amount of ascorbic acid (mg/100 gm of curd) =

V1= Titrated volume of standard solution against dye
V2=Titrated volume of sample solution against dye

Determination of Total Soluble Solid (TSS)

The cauliflower curds were ground and the curd juice was kept on prism of
Refractometer (RHB 32 ATC, ERMA Refractometer, Japan) to measure TSS in
Degree Brix.

Scale | Colors | Compactness | Appearance Acceptability
1-3 Poor Loose Poor Acceptable
35 Good | Slightly loose | Attractive Preferred
57 Better | Compact More attractive More preferred
7-9 Best Very Compact | Highly attractive | Highly preferred

Organoleptic test

An organoleptic test was conducted by involving 50 personnel to evaluate the curd
characteristics based on the following parameters and numbering system (Giri et
al., 2020).
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Physiological loss in weight: The physiological loss in weight (PLW) of
randomly selected five sample curds with and without their jacket leaves were
examined by keeping them in normal room condition for nine days (Basnet et al.,

2017). PLW was calculated by using following formula:

Intial weight—Fresh weight of the sample
PLW = g & € % 100

Final weight of the sample
Spoilage loss: The spoilage loss of randomly selected five sample curds with and
without their jacket leaves were examined by keeping them in ordinary room
condition for nine days (Basnet et al., 2017). It was cal culated by using following

formula
Weight of the spoiled curds

. 0f) =
SpO”aQe ( /0) Original weight of the curd x 100

Statistical analysis. GenStat for Teaching and Learning (18th Edition) was used
for the analysis of variance and other data analysis. Means were compared using
Duncan’s Multiple Range Test (DMRT) at 0.05 and 0.01 level of significance.

RESULTSAND DISCUSSION

Biochemical parameters of cauliflower

The curd dry matter and vitamin ¢ content on different hybrid cultivars was found
to be insignificant whereas, the highest leaf dry matter (13.59%) was found to be
significant in Super White Top whereas lowest (11.50%) was found in Rami
cultivars. In addition, Snow Crown cultivar showed the significant results with
highest TSS (7.060°Brix) whereas lowest TSS (5.12°Brix) was found in Rami
cultivar (Table 1). The curd and leaf dry matter percent, vitamin ¢ content and
TSS were found to be significant on various hybrid cultivars of cauliflower. The
variation of these biochemical parameters might be due to both genetic and
environmental influences such as nutrient source, climatic condition, soil fertility
status, as similar finding was mentioned by Abbey et a. (2002).

Organoleptic test and sensory evaluation

The color score (7.820) and compactness score (8.165) was found to be
significantly highest in Snow Crown whereas lowest color score (6.290) and
compactness score (6.040) was found in Rami cultivars. Similarly, significantly
highest appearance score of 7.846 was found in Snow Best and |owest appearance
score of 5.939 was found in Rami cultivars. The acceptance score was found to
be non-significant (Table 2).
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Table 1 Mean leaf dry matter, curd dry matter, TSS and vitamin c of
different hybrid cauliflower cultivarsin Tulsipur, Dang (2021 to 2022 AD)

Trestments Leaf dry matter | Curd dry matter TSS Vitamin C
(%) (%) (°Brix) (mg/100 g)
Snow Best 11,59 14.272 5.385° 36.407
Snow Crown 12,509 14712 7.060° 36.822
Super White Top 13.59 15.08° 6.988" 36.742
Rami 11508 13.73 5.12% 36.022
Damy 1163 14.65¢ 5.435" 36.64°
Grand mean 12.2 145 6.0 365
SEM 0.38 0.40 0.32 0.21
F-test % NS *x NS
LSDo.os 1.11 1.16 0.93 0.62
CV % 8.9 7.8 151 16

Means with same letter in column are not significantly different at p = 0.05 by
DMRT. * Significant at 5% (p < 0.05), **significant at 1% (p < 0.01) and ns: not
significantly different at 5% (p > 0.05). SEM = Standard error of mean, LSD =
Least significant difference, CV = Coefficient of variance

The scoring in terms of color, compactness and appearance showed the significant
resultsin hybrid cultivars of cauliflower. The significant variation was a so found
in various cauliflower cultivars, might be due to genetic characteristics of the
varieties (Giri et a., 2020), The similar results were achieved by Meena et a.
(2010); Sharmaet a., (2018) & Pun et al. ,(2003).

Physiological lossin weight of cauliflower with jacket leaves

Physiological loss in weight of curd with jacket leaves of cauliflower during
storage period showed significant resultsonly after 5 days after harvesting (DAH)
whereas it was non-significant at 3 DAH. Super White Top cultivars showed
significantly the lowest physiological loss in weight i.e. 13.99%, 20.21% and
27.66% at 5, 7 and 9 DAH, respectively. Moreover, Rami cultivar showed
significantly the highest physiological loss in weight i.e. 19.02%, 24.36%, and
30.73% at 5, 7 and 9 DAH respectively (Table 3).
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Table 2 Mean color, compactness, appear ance, and acceptance of different
hybrid cauliflower cultivarsin Tulsipur, Dang (2021 to 2022 AD)

Treatments Color Compactness | Appearance | Acceptance
Snow Best 7.079% 6.3522 7.846° 7.2572
Snow Crown 7.820° 8.165 7.345% 8.195
Super White Top 7.696% 7.477% 6.938% 7.850°
Rami 6.2907 6.040 5.939° 6.915
Damy 7.105% 7.287 7.374% 7.4472
Grand mean 7.2 71 71 75
SEM 0.34 0.37 0.42 0.32
F-test * *x * NS
L SDoos 1.00 1.06 123 0.94
CV % 135 14.7 16.9 121

Means with same letter in column are not significantly different at p = 0.05 by
DMRT. *Significant at 5% (p < 0.05), **significant at 1% (p < 0.01) and ns: not
significantly different at 5% (p > 0.05). SEM = Standard error of mean, LSD =
Least significant difference, CV = Coefficient of variance

Physiological lossin weight of cauliflower without jacket leaves

Physiological loss in weight of curd without jacket leaves of cauliflower during
storage period showed significant results. The lowest physiological losses in
weight recorded in Snow Crown were 13.29%, 18.15%, and 23.70 3% at 3, 5 and
7 days after harvesting (DAH), respectively whereas, Damy cultivars showed
significantly the highest physiological lossin weight of curd without jacket |eaves
i.e. 15.46%, 24.65% and 29.56% at 3, 5 and 7 DAH respectively. In addition, on
9DAH, the lowest physiological loss in weight (29.78%) was found in Super
White Top cultivars and highest (37.80%) in Rami cultivars (Table 4).

Spoilage lossin cauliflower with and without jacket leaves

Spoilage loss in relation to jacket leaves and without jacket leaves gave the
significant results. The lowest spoilage loss along with and without jacket leaves
was recorded to be 29.23% and 35.79% respectively in Snow Crown cultivars
whereas the highest spoilage loss was found in Damy cultivar with and without
jacket leavesi.e. 35.31% and 43.60% respectively (Table 5).

10
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Table 3 Mean physiological lossin weight with jacket leaves of different
hybrid cauliflower cultivarsin Tulsipur, Dang (2021 to 2022 AD)

Treatments Physiological lossin weight of cauliflower with jacket leaves (%)
3DAH 5 DAH 7 DAH 9 DAH
Snow Best 10.142 17.83° 23.08° 30.06™
Snow Crown 10.852 15.83° 20.89° 28.00°7
Super White Top 9.602 13.992 20.212 27.66°
Rami 10.452 19.02d 24.361 30.73°
Damy 10.492 18.61¢ 24.119 29.71°
Grand mean 10.3 17.1 225 29.2
SEM 0.50 0.15 0.11 0.18
F-test NS *k *% **
LSDoos 1.46 0.44 0.31 051
CV % 38 25 13 17

Means with same letter in column are not significantly different at p = 0.05 by
DMRT. * Significant at 5% (p < 0.05), **significant at 1% (p < 0.01) and ns: not
significantly different at 5% (p > 0.05). SEM = Standard error of mean, LSD =
Least significant difference, CV = Coefficient of variance

Table 4. Mean physiological lossin weight with jacket leaves of different
hybrid cauliflower cultivarsin Tulsipur, Dang (2021 to 2022 AD)

Trestments Physiological lossin weight of cauliflower without jacket leaves %)
3DAH 5 DAH 7 DAH 9 DAH
Snow Best 14.07 21.51° 27.74¢ 35.01¢
Snow Crown 13.292 18.152 23.702 30.64°
Super White Top 13.80° 18.68° 24.78° 29.78%
Rami 14.59° 22.81¢ 29.00¢ 37.80¢
Damy 15.46¢ 24.65¢ 29.56¢ 34.90°
Grand mean 14.2 21.2 27 336
SEM 0.12 0.17 0.18 0.17
Ftest e s s s
L SDo.os 0.50 0.68 0.53 0.49
CV % 2.4 2.2 1.9 1.4

Means with same letter in column are not significantly different at p = 0.05 by
DMRT. *Significant at 5% (p < 0.05), **significant at 1% (p < 0.01) and ns. not
significantly different at 5% (p > 0.05). SEM = Standard error of mean, LSD =
Least significant difference, CV = Coefficient of variance
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Table 5 Mean spoilage loss with and without jacket leaves of different
hybrid cauliflower cultivarsin Tulsipur, Dang (2021 to 2022 AD)

Spoilage lossin cauliflower

Treatments __ _ _

With jacket leaves Without jacket leaves
Snow Best 33.40° 41.76°
Snow Crown 20.232 35.792
Super White Top 31.00° 37.91°
Rami 34.49¢ 41.07°
Damy 35.31¢ 43.60¢
Grand mean 327 40
SEM 0.10 0.22
F-test *k **
LSDo.os 0.28 0.65
CV % 0.8 16

Means with same letter in column are not significantly different at p = 0.05 by
DMRT. * Significant at 5% (p < 0.05), **significant at 1% (p < 0.01) and ns: not
significantly different at 5% (p > 0.05). SEM = Standard error of mean, LSD =
Least significant difference, CV = Coefficient of variance

The physiological loss and spoilage loss in weight of cauliflower was found to be
significant both with and without jacket leaves. This variation on physiological
loss in weight and spoilage loss in cauliflower curd among different cauliflower
varietieswas achieved by Yadav et a. (2013), Kumar et a. (2011); Kido & Singh
(2018).

The significant differences on postharvest parameter and sensory quality
parameters of different cauliflower genotypes were estimated with each other
even on the same growing condition, which might be due to different
characteristics of genotypes governed by different genes; and they were greatly
influenced by environmental factors and management practices (Khanal et. al.,
2022). Similar results were reported by Poudel et. al. (2017); Khatiwada &
Chaudhary (2004); Budhathoki et al. (2004).

CONCLUSION
It was found that the biochemical parameters such as leaf dry matter and TSS;
organoleptic taste and sensory evaluation, physiological loss in weight and

12
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spoilage loss both with and without jacket leaves were significantly different in
different hybrid cauliflower cultivars. The highest leaf dry matter (13.59%) and
highest TSS (7.060°Brix) was found to be significant in Super White Top and
Snow Crown respectively whereas lowest leaf dry matter (11.50%) and TSS
(5.12°Brix) wasfound in Rami cultivars. The color score (7.820) and compactness
score (8.165) was found to be significantly highest in Snow Crown whereas
lowest color score (6.290) and compactness score (6.040) was found in Rami
cultivars. Similarly, significantly highest appearance score of 7.846 was found in
Snow Best and lowest appearance score of 5.939 was found in Rami cultivars.
Super White Top cultivars showed significantly the lowest physiological loss in
weight of curd with jacket leavesi.e. 13.99%, 20.21% and 27.66% at 5, 7 and 9
DAH respectively. Moreover, Rami cultivar showed significantly the highest
physiological lossin weight of curd with jacket leavesi.e. 19.02%, 24.36%, and
30.73%at 5, 7 and 9 DAH respectively. Thelowest physiological lossesinweight
of curd without jacket leaves recorded in Snow Crown were 13.29%, 18.15%, and
23.70 3% at 3, 5 and 7 days after harvesting (DAH) respectively whereas, Damy
cultivars showed significantly the highest physiological loss in weight of curd
without jacket leaves i.e. 15.46%, 24.65% and 29.56% at 3, 5 and 7 DAH
respectively. In addition, on 9 DAH, the lowest physiological loss in weight of
curd without jacket leaves (29.78%) was found in Super White Top cultivars and
highest (37.80%) in Rami cultivars. The lowest spoilage loss of curd along with
and without jacket leaves was recorded to be 29.23% and 35.79% respectively in
Snow Crown cultivars whereas the highest spoilage loss was found in Damy
cultivar with and without jacket leaves i.e. 35.31% and 43.60% respectively.
Considering the economically important postharvest attributes Snow Crown and
Super White Top were found to be the suitable hybrid mid-season cauliflower
cultivarsto be grown in Dang condition.
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ABSTRACT

Antibiotic resistance is day by day becoming greater health concern. Tremendous
use of antibiotic in poultry is known to be a major cause for antibiotic resistant in
human. An experiment of meat samples was purchased from various meat shops
and examined for bacterial contamination with resistant E. coli. (Total=384)
Samples were taken for the study and among them, 189 isolates were evaluated
for their antibiotic susceptibilities and the presence of antibiotic resistance.
Results of antibiograms revealed that E. coli isolates were resistant to one or
more of the antibiotics tested. Ciprofloxacin (42.32%) is higher resistance from
the for-E. coli. Colistin Sulphate (2.11%) is less resistance for E. Coli. Whereas
Chroramphenicol (42.32%), Gentamicin (41.79%), Levofloxacin (34.92%),
Amikamicin (7.4%), resistance was most frequently observed. Fifteen E. coli
strains showed the multidrug resistance phenotypes and harbour at least three
antibiotic resistances. The results indicated that production methods influenced
the frequency of antibiotic resistant E. coli on poultry products available to
consumers. Future research to identify the specific practices that cause the high
frequency of antibiotic-resistant E. coli in chicken could promote effortsto reduce
consumer exposure to this potential pathogen.

Keywords: E. coli, chicken meat, antibiogram, multidrug resistance.

INTRODUCTION

Microorganisms with resistance to antimicrobials can affect people at any stage
of life and also the animals (livestock) reared in the veterinary and agricultural
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sectors (ECDC 2015). A study conducted in the United States showed
that Escherichia coli (E. coli) isolates from livestock were more resistant than
those from human clinical isolates (Tadesse et al., 2012). Humans are exposed to
antimicrobial-resistant microorganisms and their resistance genesare prevalent in
animals, both via the food chain and through widespread release into the
environment (Silbergeld et al., 2008). Pathogenic bacteria from sources such as
livestock can interact with other bacteria, boosting the sharing of genes and
genetic components that cause antibiotic resistance. These circumstances can
cause non-pathogenic bacteria to develop into resistant reservoirs (Ejaz et al.,
2021). There is indisputable proof that food derived from a variety of animal
sources contains large numbers of resistant bacteria and resistant genes (Marshall
etal., 2011). A past study reported that chicken meat could be one of the potential
causes of infection with multi-drug resistant (MDR) E. coli (Parvin et al., 2020).
Considering the relatively low production cost and absence of cultural and
religious restrictions on its consumption, poultry is one of the most widespread
foods; chicken meat and eggs being the most common (Nhung et al., 2017).
Antimicrobials are used, not only to treat disease in the poultry industry, but also
to promote the growth of broiler chickens (Landoni et al., 2015) (Agunos et al.,
2012). In Europe, use of avoparcin in food animals as agrowth promoter had been
linked with resistance to vancomycin, a last resort antimicrobial in human
medicine (Wegener et al., 2012). Therefore, European countries have
discontinued use of antimicrobials as growth promoters, but other countries in
South America, Africa, and Asia still use it abundantly (Allcock et al., 2017). It
has been found that approximately 80% of medically important antimicrobialsare
used as growth promotersin healthy animals, to fulfill the increasing demand for
foods of animal origin (WHO 2017). The overall consumption of antimicrobias
inlivestock was estimated to have increased by 67% between 2010 and 2030 (Van
Boeckel et al., 2015). As aresult of consumption and accumulation over time,
there is higher chance of the development of multiple pathogens insensitive to
medically important antimicrobials (Lees et al., 2021).

The World Health Organization’s (WHO) global action plan on antimicrobial
resistance (AMR) emphasizes the “one health” approach, which recognizes the
interconnections between humans, animals, and the environment as a single
entity, to tackle resistance (Badau et al., 2021). The one health approach provides
important insights to plan and control the burden of AMR (Parmley et al., 2012).
Systematic reviews on one health approaches have also shown associations
between specific interventions targeting reductions in antibiotic use in food-
producing animals and decreasesin AMR in animals (Scott et al., 2018) (Hoelzer
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et al., 2017). Knowledge on the burden of AMR and resistance patternsin isolates
extracted from food-producing animals is imperative to designing targeted
interventions to limit antibiotic use. The use of commensal intestinal E. coli asa
marker for the presence of resistance in bacterial florais a critical component of
AMR surveillance programs in both food-producing and wild animals (Wasy! et
al., 2013). The chicken gut micro biota constitutes a major source of antibiotic
resistance genes that encode severa drug efflux pumps, leading to resistance to
fluoroquinolones and tetracyclines (Juricovaet al., 2017).

In Nepal, the use of antimicrobials has increased in recent times, in order to
decrease the morbidity and mortality of chickens (Shrestha., 2022) (Ramdam.,
2015). A study conducted in Nepa under the Global Antibiotics Resistance
Partnership (GARP) has shown that 46% of veterinary drugswere sold under self-
prescription and about 12% on farmer’s demand (Ramdam., 2015). Surveillance
of animal pathogens commenced in 2011, with a collaboration between the
National Public Health Laboratory and various veterinary laboratories. The
Ministry of Health and Population, Nepal, attempted to address such issues with
National Antibiotics Treatment Guidelinesin 2014 (Acharyaand Wilson., 2019).
Thereisno clear regulation for control of the use of antimicrobialsin animalsfor
human consumption.

Very few studies have assessed AMR in the poultry sector in Nepal. A study
conducted on bacteriological quality of poultry meat in Nepal showed that various
bacteria, such asE. coli, Staphylococcus, and Klebsiellashowed higher
resistance to commonly found antibiotics on the market, such as amoxicillin and
tetracyclines (Neupane and Kaphle., 2019). While in other study, E. coli was
found in 76.1% of poultry meat samples, and resistance to tetracycline was highest
(87.7%) and lowest for ceftriaxone (1%) (Acharya., 2022). However, thereis no
published literature on the pattern of AMR in isolates from chicken meat samples
in Nepal. Raw meat samples provide a better insight into the resistance pattern in
the microbiota of the chicken and also are not prone to cross-contamination from
the environment in the slaughter house.

Majority of Nepal ese population consume meat products processed in small shops

that store the product at ambient temperature and improper handling, both of
which increase microbial growth and contamination.
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The present study is designed to investigate the prevalence of antimicrobial drug-
resistant bacteria from raw meat sample from Kathmandu, an ancient city and
capital city of Nepal.

MATERIALSAND METHODS
Study area
The study area was Kathmandu valley. Sampling was done from different
daughter houses, slaughter places and live bird markets distributed across the
market. This study was carried out from July 2022 to December 2022.

Sample size

Sample size was calculated using the statistical software Epi Info 7.2 used in the
CDC. The assumptions made were population size of one million broilers in
Kathmandu valley; prevaence of AMR to be 50%, and confidence interval of 95%.
These yields a sample size were 384. These samples were collected to represent
different areas of Kathmandu valley, covering different saughter houses and live
bird markets. Samples were collected following the standard laboratory protocol.

Sample collection protocol

The fresh meat samples were collected together with epidemiological information
such asfarm size, location of daughter house, age of birds, and hygienic practices
of butcher. Samples were collected to represent large, medium and small sized
daughter places as well as to represent samples from small, medium and large
poultry farms. A detailed questionnaire was devel oped to collect epidemiological
information; and the butchers / workers in slaughter places were interviewed
during the sample collection.

Laboratory analysis

Sample processing for identification of bacterial pathogens

The samples collected were transported to the laboratory maintaining cold chain
using the cool box. The samples were then cultured in selective media (Nutrient,
MacConkey and Eosin methyl blue) and then incubated for 24- 48 hours. The
mediawere checked for bacteria growth, and identified by morphology of colony
characteristics and appropriate biochemical tests. If there was growth, the
identified colony was taken, and antimicrobial susceptibility test was performed
according to modified Kirby Bauer disc diffusion method in Mueller Hinton agar.
Antibiotic sensitivity testing by the Kirby Bauer’s disc diffusion method was
performed for the isolates using commercially available antibiotic discs on
Muller—Hinton agar (MHA). Standard suspensions of the isolates were adjusted
to 0.5 McFarland Standard. Immediately after standardization a sterile cotton
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swab was immersed into bacterial suspension; and a lawn culture was performed
on the surface of MHA plate. Commercialy available antibiotic discs were
arranged on the surface of inoculated plates. The plates were incubated at 37°C
for 16-18 hours. After incubation the zone diameter was measured for each
antimicrobial agent. Thereby the zone of inhibition was interpreted as sensitivity
(S), Intermediate (1) or resistant (R) (Bauer et al., 1997). In this study, the main
focus was on common bacteria E. coli. The panel of antibiotics was including
commonly used antibiotics in animal health and critically endangered antibiotics
listed by the World Health Organization.

The sample processing, isolation and identification of bacterial pathogens and
antimicrobial susceptibility test was carried out in the pharmacology and
microbiology laboratory of Institute of Agriculture and Anima Science,
Paklihawa Campus and related government laboratory.

Statistical Analysis

Descriptive analysis and other appropriate statistical procedures were also used
to analyse the antimicrobial resistance pattern of bacterial isolates. The data was
stored in Excel sheet and Epi Info 7.2 software to analyze the data.

RESULTS
Antimicrobia resistance (AMR) is a global growing issue and severa reports
suggest that it isan increasing problem of phenomenal proportions, affecting both
developed and devel oping countries.

E. coli prevalence

Total 384 poultry meat samples were obtained from the market. Among the
sample obtained, total 189 samples were found contaminated with E. coli . The
contamination was found to be 49.29 %.

Table 1. Result of senditivity analysisamong E. coli |solates

Cipro | Chloramphenicol | Gentamicin | Amikacin | Levofloxacin | Colistin
S 64 55 50 92 81 185
| 31 54 60 83 41 0
R 94 80 79 14 66 4
Total
1 1 1 1 1 1
Sample 89 89 89 89 88 89
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Antibiotic resistance among E. coli isolates

Resistance was detected to 6 antibiotics tested. None of the isolates were multi
drug resistant. Among the total meat samples obtained, there were 189 samples
positives with E. coli. These samples were subjected to antibiotic susceptibility
test. Among the antibiotic, Ciprofloxacin had 64 samples were Sensitive,
Chloramphenicol had 55 samples sensitive, Gentamicin had 50 samples sensitive,
Amikamicin had 92 samples sensitive, Levofloxacin had 81 samples sensitive,
Colistin Sulphate had 185 samples sensitive.

Figure 2. E. Coli growth in growth media

Table 2. Sensitivity to different drugs

Drugs Sensitive (f)

Ciprofloxacin 64
Chloramphenicol 55
Gentamicin 50
Amikacin 92
Levofloxacin 81
Colistin 185

Prevalence of resistance among E. coli isolates

The prevalence of antibiotic resistance in E. coli strains simultaneously isolated
from marketed broiler meat. Among the samples, ciprofloxacin had resistancein
94 samples of E.coli, Chloramphenicol had 80 samples resistance, Gentamicin
had 79 samples resistance, Amikacin had 14 samples resistance and Colistin
Sulpahte had only 4 samples resistance.
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Figure 4. Graph showing resistances of different antibiotics

Ciprofloxacin

Ciprofloxacin is a broad-spectrum antibiotic widely prescribed in clinical and
hospital settings. The emergence of antimicrobial resistance against effective
antibiotics is a global issue. In the present study among the total 189 positive
culture, there were 94 samples resistance, 31 samples were intermediate and 64

were sensitive.
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Figure 5. Graph showing the Ciprofloxacin resistance and sensitive pattern

Amikacin

Amikacin isabroad-spectrum antibiotic widely prescribed in clinical and hospital
settings. The emergence of antimicrobial resistance against effective antibiotics
isaglobal issue. In the present study among the total 189 positive culture, there
were 14 samples resistance, 83 samples were intermediate and 92 were sensitive.
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Figure 6. Graph showing sensitivity of Amikacin Anitibiotics

Chloramphenicol

Chloramphenicol is a broad-spectrum antibiotic widely prescribed in clinical and
hospital settings. The emergence of antimicrobia resistance against effective
antibiotics is a global issue. In the present study among the total 189 positive
culture, there were 80 samples resistance, 54 samples were intermediate and 55
were sensitive.

Figure 7. Graph showing sensitivity of Chloramphenicol Anitibiotics

Colistin Sulphate

Coligtin Sulphate is a broad-spectrum gut acting antibiotic widely prescribed
poultry sector. The emergence of antimicrobia resistance against effective
antibiotics is a global issue. In the present study among the total 189 positive
culture, there were 4 samples resistance, 0 samples were intermediate and 185
were sensitive.
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Figure 8: Graph showing sensitivity of Colistin sulphate Anitibiotics

Gentamicin

Gentamicin is a broad-spectrum antibiotic widely prescribed in clinical and
hospital settings. The emergence of antimicrobia resistance against effective
antibiotics is a global issue. In the present study among the total 189 positive
culture, there were 79 samples resistance, 60 samples were intermediate and 50
were sensitive.
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Figure 9. Graph showing sensitivity of Gentamicin Anitibiotics

L evofloxacin

Levofloxacin is a broad-spectrum antibiotic widely prescribed in clinical and
hospital settings. The emergence of antimicrobial resistance against effective
antibiotics is a global issue. In the present study among the total 189 positive
culture, there were 66 samples resistance, 41 samples were intermediate and 81
were sensitive.
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FigurelO. Graph showing different drugs and their resistance
DISCUSSION

In the present study, out of 384 samples, 49.21% samples had E. coli bacterial
growth in different culture medium. A similar but with higher prevalence was
reported from Kathmandu, where they found more than 80.0.

In this study, out of 189 isolates of Escherichia coli from both chicken meats, 30
% were MDR. A study conducted in chicken breast sample in the United States
showed 83.5% prevalence of Escherichia coli, of which 38.9% isolates were
MDR [Zhao et al, 2012]. High number of Escherichia coli in retail meats
indicates fecal contamination at slaughter or during processing.

The present study provides an assessment of the occurrence of multidrug
resistance of E. coli from raw chicken meat collected from local market. The
results indicated that production methods influenced the frequency of antibiotic-
resistant E. coli on poultry products available to consumers. Future research to
identify the specific practices that cause the high frequency of antibiotic-
resistant E. coli in chicken could promote efforts to reduce consumer exposure to
this potential pathogen.

Nepal being an agriculture-based country, in recent years is known to have
increasing production and rise in population dependency on chicken poultry
products for meat, egg and manure (Poudel et al. 2020). The study showslessthan
onefourth (14.82%) of the operating poultry farmsareregistered. Thecommercial
poultry survey 2071/72 has recorded 14% of the registered poultry farm in
Kathmandu valley having 16% of trained owner (CBS, 2015).
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Multi- drug resistant E. coli isolateswerefound for 10 commonly used and market
available antibiotics. Although we did not check the pathogenicity of the isolates,
the gene responsible for multi-drug resistance may transfer to consumer via food
and results in serious public health hazard as because (Boarlin et al., 2005)
reported antimicrobial resistance is more frequent in pathogenic than in other
porcine E. coli strains, and also shows that the resistance genes found in ETEC
isolates are different from those of other porcine E. coli isolates and that clear
associ ations exist between specific resistance and virulence genes. Jhonson et al .,
(2007) also reported that the drug resistant human isolates were similar to poultry
isolates and thus, concluded that many drug-resistant human fecal E. coli isolates
may be originated from poultry. This resistance occurs due to possessing of
resistant gene found in single and multiple size plasmidsin E. coli isolates.

The highest prevalence of multi-drug resistant E. coli isolates was obtained from
chicken meat 76%. (Adesiyun et al., 2007) reported E. coli which was resistant to
at least three or more antimicrobial agents. (Alvarez and Fernandez et al.,2013)
reported that 91.7 % E. coli isolates of poultry were multi-drug resistant.
Indiscriminate use, improper selection, improper dose, incorrect duration of
antibioticsat flock level may be responsiblefor such ahigher occurrence of MDR.
(Hassan et al., 2013) reported 22.7% MDR E. coli isolates from bird samples.

In conclusion, the result of this study provides preliminary data on antimicrobial
resistant bacteria from raw chicken meat of Kathmandu valley. From the study, it
is evident that meat products are biologically contaminated with various
pathogens which have developed various microbia resistance. Extensive
researches on this issue that also involve the molecular dynamics should be
conducted longitudinally to have a better understanding of the exact scenario
throughout the nation and thereby help curb the possible threats. Training and
awareness program should be conducted in order to minimize the irrational use of
antimicrobials and hence reduce drug resistance evolution via poultry and
livestock.

CONCLUSION

Results of antibiograms revealed that E. coli isolates were resistant to one or more
of the antibiotics tested. Resistance was most frequently observed against
Ciprofloxacin (49.73%), Chloramphenicol (42.32%), Gentamicin (41.79%),
Levofloxacin (34.92%), Amikacin (7.4%), and Colistin sulphate (2.11%). Fifteen
E. coli strains showed the multidrug resistance phenotypes and harbored at |east
three antibiotic resistance genes.
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E. coli prevalence

Total 384 poultry meat samples were obtained from the market. Among the
sample obtained, total 189 samples were found contaminated with E. coli. The
contamination was found to be 49.29 %.

Resistance was detected to 6 antibiotics tested. None of the isolates were multi
drug resistant. Among the total meat samples obtained, there were 189 samples
positives with E.coli. These samples were subjected to antibiotic susceptibility
test. Among the antibiotic, Ciprofloxacin had 64 samples were Sensitive,
Chloramphenicol had 55 samples sensitive, Gentamicin had 50 samples sensitive,
Amikacin had 92 samples sensitive, Levofloxacin had 81 samples sensitive,
Colistin Sulphate had 185 samples sensitive.

The prevalence of antibiotic resistance in E. coli strains simultaneously isolated
from marketed broiler meat. Among the samples, ciprofloxacin had resistance in
94 samples of E. coli, Chloramphenicol had 80 samples resistance, Gentamicin
had 79 samples resistance, Amikacin had 14 samples resistance, Levofloxacin
had 66 samples resistance and Colistin Sulpahte had only 4 samples resistance.
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ABSTRACT

Turkey (Meleagris gallopavo) isan important avian speciesin Nepal contributing
in the nutrition security and income generation. Present study was carried out in
the National Avian Research Program (NARP), Lalitpur, Nepal from August to
November 2021 to eval uate selected morphological characteristics of turkey eggs.
A total of forty eggs from 45-48 weeks hens were examined for different internal
and external egg quality parameters. Further, the effects of different egg quality
parameters on egg weight in Turkey were examined. The data were recorded in
MS-Excel and analyzed through Satistical Package for the Social Sciences
(SPSS 25. The mean egg weight, length, breadth, fresh shell weight, shell
thickness, albumin height, yolk diameter, yolk weight and yolk height of turkey
was 72.32+3.29 g, 6.36£0.20 cm, 4.70+0.12 cm, 9.68+0.33 g, 0.47+0.03 mm,
6.88+0.73 cm, 5.62+0.19 cm, 25.15+ 1.87 g and 0.98+ 0.20 cm, respectively. There
was significant differencein almost all traits of external and internal traits of egg
weight, fresh eggshell thickness, albumen height, yolk diameter and yolk height.
This research provides important information about the egg quality parameters
of Turkey raised in Nepal and serves as a reference for further investigation.

Keywords: Turkey, Avian species, Egg quality parameters

INTRODUCTION
Turkey (Meleagris gallopavo) is an important poultry species reared mainly for
meat production around the globe. The egg and meat production per turkey bird
has doubled during the last four decades, mainly dueto the high selection pressure
imposed on economically important traits such as body weight, meat quality, and
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egg production (Anna Anandh et al., 2012). The domesticated turkey, M
gallopavo, which originated in North America, israised throughout the world, but
its wild progenitor descends from the Eastern and Southern United States and
central and northern Mexico (Thornton et al., 2012). Turkey ispopular in Western
countries for those who love white meat and is also associated with Christmas and
Thanksgiving among the Christian population. The breeds reported include
commercial and industrial strains, local types, and recognized breeds in many
countries. The American Standard of Perfection has recognized eight distinct
varieties. Beltsville small white, Black turkey, Bourbon Red, Bronze,
Narragansett, Royal palm, date, and white Holland. The present domesticated
turkey has been developed by crosshreeding and line-breeding programs and is
characterized as a single breed with eight distinct varieties based on the plumage
colour (Kennamer et a., 1992).

History of turkey breeding in Nepa goes back to January 2001, with import of
200 embryonated eggs from the Central Avian Research Ingtitute, |zantanagar,
India. Performance of these turkeys was 11.34+ 1.30 kg and 5.99 + 0.83 kg for
male and female, respectively at 43 weeks of age in Khumaltar of Nepal (Karki et
al., 2002). Commercial turkey farming is becoming more popular in Nepal
because of demands and farmer’s interest. The bird is suitable for the upliftment
of small and marginal farmers as it can be easily reared with little investment in
housing, equipment, and management. One of the main objectives in turkey
breeder production is to increase the number of poults.

Egg yield in turkeysislower than that of other poultry species. In addition to low
egg yield, unsatisfactory egg fertility and hatchability constitute a major problem
for turkey breeding enterprises (Ozcelik et al., 2009). The age of the first puberty
of Tom and Hen was 198.95 + 7.3 and 200 + 3.1 days, respectively. Similarly, the
average weight of the tom and hen at puberty was 7.6 + 0.67 and 5.3 + 0.36 kg,
respectively. The hatchability of eggs ranged between 10 and 90%, with an
average of 52.4 + 6.9% (Bhattarai et al., 2018). Quality has been defined by
Kramer (1951) as the properties of any given food that have an influence on the
acceptance or rejection of thisfood by the consumer. Egg quality isageneral term
that refers to several standards that define both internal and external quality.
External quality is focused on shell cleanliness, texture, and shape, whereas
internal quality refersto egg white (albumen) cleanliness and viscosity, size of the
air cell, yolk shape, and yolk strength. The proportions of components for fresh
eggs are 32% yolk, 58% abumen, and 10% shell (Leeson, 2006). The egg yolk
from a newly laid egg is round and firm. As the egg gets older, the yolk absorbs
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water from the egg white, increasing its size. This produces an enlargement and
weakness of the vitelline membrane; the yolk looks flat and shows spots. As soon
astheeggislaid, itsinternal quality startsto decrease, the longer the storage time,
the poorer the internal quality. It is believed that the chemical composition of the
egg (yolk and white) does not change much.

There are few studies that are focused on factors affecting egg weight of Turkey.
Egg weight is an important parameter that will affect the resulting fertility, and
optimum egg weight increases fertility and hatchability. Further, a small number
of studies are focused on egg quality parameters of Nepalese turkey. Therefore,
the main objective of this research is to evaluate the external and internal egg
quality parameters of the egg weight of aturkey. Further, the correlation between
different egg quality parameters will be studied to find out their association.

MATERIALSAND METHOD
Study site
The study was carried out under the National Avian Research Program (NARP)
Khumaltar, Lalitpur, Nepal, during the months of August till November 2021. The
poultry unit at NARP lies at a mean elevation of about 1350 masl. The yearly
average temperature in Khumaltar is 15-20 °C, and it receives a yearly average
rainfall of 2000-2400 mm.

Experimental birdsand their management

Turkeys were reared in deep litter pens and fed conventional starter, grower, and
layer rations. A lighting schedule of 16 hours per day was applied during the
laying period. Standard procedures with respect to preventive vaccination and
medication were followed during the study period. Altogether, 150 eggs were
evaluated, and the eggs of 45, 46, 47, and 48 weeks were taken as samples. The
eggswere collected in the early hours of the day, placed in the egg tray, and stored
at room temperature until parameters were measured.

Measurement of external egg parameter

Theindividual egg was weighed using an electronic digital balance to the nearest
0.00 gm accuracy. The length (L) and breadth (B) of the egg were measured with
the help of digital Vernier calipers, and the shape index was calcul ated astheratio
of breadth to length times 100, as suggested by Anderson et a. (2004). The fresh
shell was weight by digital balance in gram. The thickness of eggshell was
measured to the nearest of 0.01 mm with the help of screw gauze micrometer and
averaged record.
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Measurement of internal egg parameter

Thelength and width of the albumen and yolk were measured in mm with the help
of vernier caliper (least count 0.01 mm). The height of yolk and albumen were
measured with the help of triphoid spherometer. The yolk index percentage was
calculated as the ratio of the yolk height to yolk diameter times 100.

Statistical analysis

All the egg quality data was entered in MS-Excel sheet. L east square means with
standard errors (LS+SEM) were analyzed through Statistical Package for the
Social Sciences (SPSS) 25.

RESULTSAND DISCUSION
The results on comparative of mean value of internal and external parameters of
turkey eggsis presented in Tablel and Table 2, respectively.

External quality traits

Egg weight

The mean egg weight of turkey was observed 72.32+3.29 gm on weekly basis,

egg weight of turkey on 45 weeks was 70.12+0.74 gm. The egg weeks in

succeeding weeks of 46, 47 and 48 were 71.71+0.46 gm, 71.79+0.47 gm and

75.67+1.35 gm respectively. Egg weight differ significantly (p< 0.001) at

different weeks of recording.

Tablel. Comparison of Mean value of different parameters of Egg weight,
length, breadth, fresh shell weight and shell thickness of Turkey birdsin

different age (N=40)

Week | No | Egg Weight Length Breadth Fresh shell | Shell
S . (9) (cm) (cm) weight (g) | thickness
(mm)

45 10 | 70.12+0.74 6.31+0.05 4.64+0.0 | 9.53+0.19 | 0.46+0.01
3 6

46 10 | 71.71+0.46 6.38+0.07 4.65+0.0 | 9.65+0.02 | 0.48+0.00
2 4 6

47 10 | 71.79+0.47 6.32+0.05 4.68+0.0 | 9.69+0.02 | 0.47+0.01
2 9 0

48 10 | 75.67£1.35 6.43+0.06 4.85+0.0 | 9.86+0.07 | 0.48+0.01
3 2 3

Mean | 10 | 72.32+3.29 6.36+0.20 4,70+0.1 | 9.68+0.33 | 0.47+0.03
2

Pvalue 0.000** 0.532 0.408 0.000** 0.182
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** pvalue significant at 1% level of significance and No. refers to the number of
eggs taken for observation

Salgado et al. (2020) observed the egg weight of 75.54+8.07 gm for Mexican
native turkey, which were higher than our present finding. Our finding agreeswith
finding from (Rodrigo et al. 2020), who observed egg weight of Mexican turkey
to be 75.54+8.07. Mroz et al. (2014) was observed egg weight of turkey to be
101.40 gm, higher than this study. However, Yahaya et al. (2021) observed egg
weight of Turkey to be 69.12+8.4 gm, which was lower than the present study.

Egg length

The overall mean of egg length of turkey was observed to be 6.36t+0.20 cm.
Results of this study indicated that mean egg length of turkey was 6.31+£0.05 cm
at 45 weeks of age and 6.38+0.07 cm, 6.32+0.05 cm, 6.43+0.06 cm and 6.43+0.06
cm respectively in 46, 47 and 48 weeks. There were non-significant differences
in egg length of turkey in different weeks. Our finding correspondsto the research
from previous researcher, who observed egg length of black strain of Nigerian
turkey to be 48.0+1.02 mm and white strain 54.1+1.02 mm (Y ahaya et al ., 2021),
which was lower than the present study.

Egg breadth

Mean egg breadth of turkey egg in our present study was observed to be 4.64+0.03
cm, 4.65+0.02 cm, 4.68+0.02 cm and 4.85+0.03 cm, respectively. There were
significant increments (p<0.001) in egg breadth across weeks. Egg breadth of
turkey egg at 48" week of egg was significantly higher than preceding weeks.
This could be due to more mature hen, which facilitates egg laying of higher
weight. Yahayaet al. (2021) observed egg breadth of 31+ 0.91 mm for turkey egg
at early stage of production in Nigeria.

Fresh shell weight

Average fresh shell weight of turkey bird in this study was found in different
weeks were 9.53+0.19 g, 9.65+0.024 g, 9.69+0.029 g and 9.86+0.072g.
According to the results there was not significantly different in different weeks
but somehow more weight as week increases. The Nigerian Turkey shell weight
was found to be 9.11+1.22 gm in black strain and 9.45+1.20 g in white strain
which was lower than the current study. Shell weight of turkey from the current
study agree with the finding from (Y ahaya et al., 2021), 9.11+ 1.22 g in Nigeria.

Shell thickness
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The average mean of different weeks of eggshell thickness of Turkey birdsin this
study was 0.46+0.016 mm, 0.48+0.006 mm, 0.47+0.010 mm and 0.48+0.013 mm
respectively. The eggshell thickness is closely correlated with the deposition of
calcium, which is metabolized from the skeleton of the birds and dietary sources
(Melesse et al., 2010). The Nigerian turkey shell thickness was found to be
0.27+0.001mm in black strain and 0.27+0.002 mm in white strain which was
lower than this study (Y ahayaet al., 2021).

Table 2. Comparison of meansand standard Error (SE) of albumen weight,
yolk diameter, yolk weight and yolk height of Turkey birdsat different age

Wee | No | Albumen height Yolk diameter Yolk weight | Yolk height
ks . (cm) (cm) (9) (cm)

45 10 | 6.38+0.092 5.49+0.05 24.50+0.72 0.85+0.03
46 10 | 6.70+0.101 5.50+0.05 25.41+0.45 0.84+0.05
a7 10 | 6.73+0.019 5.70+0.04 24.76+0.66 1.06+0.06
48 10 | 7.70+0.330 5.77+0.03 25.91+0.45 1.18+0.070
Mean | 10 | 6.88+0.73 5.62+0.19 25.15+1.87 0.98+0.22
Pvalue 0.000** 0.000** 0.335 0.000**

** pvalue significant at 1% level of significance and No. refers to the number of
eggs taken for observation

Internal quality traits

Albumen height

Albumen height of turkey eggs in this study was observed to be 6.38+0.092 cm,
6.70+£0.101 cm, 6.73+0.019 cm and 7.70+0.330 at 45, 46, 47 and 48 weeks,
respectively as shown in the Table 2. Theinternal egg quality of albumen height
of Mexican native turkey hens was 5.74+1.05 cm which was lower value as
compared to this study. Rodrigo et al. (2020) observed the height of albumin to
be 5.74 £ 1.05 cm, which is similar to the finding from the current research.

Yolk diameter

Results of this study reflected that the comparison of mean of different weeks egg
yolk of Turkey was 5.49+0.05 cm, 5.50+0.05 cm, 5.70+0.04 cm and 5.77+0.03
cm respectively. Higher age significantly differs (p<0.0001) in the yolk diameter
in this study. The Nigerian turkey yolk diameter was found to be 2.49+0.03 cm in
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black strain and 2.83+0.02 cm in white strain which was lower than the current
study.

Yolk weight

The average mean of the egg yolk weight of Turkey birds in 45, 46, 47 and 48
weeks 24.50+0.729g, 25.41+0.45 g, 24.76+0.66 and 25.91+0.45 g correspondingly.
The Nigerian Turkey yolk weight was found to be 22.36 £1.58 g in black strain
and 23.24+1.60 g in white strain which was lower than the current study whereas
yolk weight of Mexican native Turkey hens found to be 25.44+5.19 gm which
was higher than thisstudy. Y olk weight from the current study issimilar to finding
from (Rodrigo et al., 2020), who observed yolk weight of 25.44 + 5.19 gm.

Yolk height

Results from the present study demonstrated that egg yolk height of turkey were
0.85+0.03 cm, 0.84+0.05 cm, 1.06+0.06 cm and 1.18+0.070 at 45, 46, 27 and 48
weeks, respectively. Results showed that yolk height increased significantly
(p<0.001) with the age of maturity of the birds. Rodrigo et al. (2020) observed
theyolk height of 1.55+0.23 cm for Mexican native turkey, which was lower than
the present finding.

CONCLUSION
The results of this study provide support to suggest that both external and internal
egg quality parameters increase with increasing age up to 48 weeks of age. We
did not measure egg quality parameters before 45 and after 48 weeks and cannot
extrapolate outside that window period. This study gives the ideas about the egg
quality of Turkey birds available in NARP farms.
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ABSTRACT

This research was conducted to analyze the economics of production and value
chain of Kiwi in Dolakha district of Nepal. A pre tested questionnaire was
administrated to survey 165 randomly selected respondents from two
municipalitiesand four rural municipalities by using simple random sampling for
collecting primary data relevant for the study. Focus group discussion, various
value chain actors and key informants’ interview was also done during November
to December, 2021 A.D. Total cost of production and gross return was found
NRs.480128.40. and NRs. 902222.22 per hectare respectively. Smilarly gross
profit margin was found 60.7 percentages. On an average benefit cost ratio was
found 1.84. The study reveals that on an average B:C ratio of Kiwi per hectare
was found 1.84. Kiwi production ishigher from 6! year onward to 20" year which
has an average B/C ration found 2.47. The marketing margin, producer’s
(farmer’s) share and marketing efficiency of Kiwi was found NRs 213.67 per kg
and 19.67 percent and 0.34 respectively. Smilarly, Price spread was found 80.33
percent in the Kiwi value chain. Total cost involved in Kiwi production by the
farmerswas found as NRs. 53 per kg which is17.99 percent of total cost of actors
in the value chain of Kiwi in the study area. Processing and packaging, actors
took the average profit of NRs. 96.67 per kg which was 45.24 percent of total
profit for the whole chain. In total 42 percent margin was found. The entire
channels of Kiwi value chain the total average cost incurred were NRs. 294.67/kg
and which came to 58 percent of total cost. While profit margin NRs/kg was
213.67 which was equalsto 42 percent as a whole in value chain process. Major
production constraint faced by the farmerswas no availability of saplings on time
and having huge gap between farm gate and retail price.

Key Words: Kiwi, B:C ratio, Value chain, Producer's share, Marketing margin
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INTRODUCTION

Kiwi isa spreading type of fruit plant (shrub) which bears egg-shaped fruit. This
fruitis considered to be the native to Chinabut massive cultivated in New Zealand
having a thin brown skin and tart green flesh. Fruits are covered with light and
thin fur like hairs. Onceit planted it can grow and thrive for 30-40 years and gives
continue fruiting. Kiwi (Actinidia deliciosa) farming is gaining popular among
Nepalese farmersin recent years. High value cash crop farming isthe only option
to increase the income through agriculture-oriented livelihood system. It is an
emerging perennial fruit crop becoming popular acrossthe mid hillsand high hills
of Nepal. It has gained a worldwide popularity in recent few years because of its
unique taste, wide climatic adaptability along with its high nutritive and medicinal
values. It can be grown well at an atitude of 1200 m. to 2400 m. in the hills of
Nepal. Hayward, Alison and Montie are the major cultivated varieties. The fruits
range in weight from 40 to 90 g. Kiwi can be consumed as afresh fruit, juice, jam,
wine, biscuit, ice-cream etc. The fruit has a good source of vitamin C, exceeding
that of orange, pear and apples. Thus, it is described as “King of fruit” due to its
high vitamin C content. Kiwi generaly ripens from October to December, which
isthelean period for other fruitsin the market, so the price for kiwi fruit isalways
high. The fruits can be stored for longer period of time which makesit possible to
supply for extended period. ICIMOD knowledge park Godavari Lalitpur (1998)
plays very important role for the extension of kiwifruit in the country.
Internationa Centre for Integrated Mountain Development (ICIMOD) is said to
be the first doing research work on kiwi fruitsin Nepal. Government farms such
as Dolakha, Kirtipur, Solukhumbu and Daman started to produce saplings and
training for the extension of kiwifruit in the hill areas of the country. Commercial
kiwifruit growing started since 2009 AD in Nepal.

MATERIALSAND METHODS

Selection of the study area

The present study was conducted in four Rural Municipalities (Kalinchowk, Bigu,
Gaurishankar and Sailung) and two Municipalities (Bhimeshwor and Jiri) of
Dolakha District. These areas were highly potential for Kiwi production because
of PMAMP PIU program has given focused and working in these areas as a zone
program.

Selection of respondents
Actors of Kiwi producer and value chain were of eight categories, namely; Input
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suppliers, Kiwi producer, Collector, wholesalers, Processor/ conditioner/
packagers, retailer, consumer. Service provider and K|l were the major enablers.
Therefore, the selection of input suppliers, key chain actors, service provider,
enablers and Kiwi consumer were done by following techniques. Out of 995
farmers, 95 farmers (10 percent of the total population) and 25 value chain actors
were selected as sample for the study. Altogether 165 samples were selected for
the study. List of farmers and major value chain actors were obtained from
PMAMP PIU Dolakha and Agriculture section of Bhimeshwor Municipality.

Sour ces of data collection

Primary data were obtained from Kiwi producing farmers, wholesalers,
processors, traders and retailers. The entire information was collected through a
household survey using interview schedule. Focus Group Discussion (FGD), in
depth interview was held with various value chain actors and Key Informant
Interview (KI1) was used to triangulate the data. The secondary information were
obtained through reviewing different publication mainly produced by GOs,
NGOs, market studies of study areas, research articles from national and
international journals along with the previous studies in the study aress.

Methods and techniques of data analysis

Both statistical and none statistical tools were used for analyzing the collected
data after editing for missing and incomplete. The information collected from the
field were first coded and entered into the computer. Data entry and analysis was
done by Microsoft Excel. Data were analyzed by computing descriptive statistics
to determine frequencies, percentages and means. For the objective of mapping
Kiwi value chain were used to determine cost flow and invol vement of different
actorsand enablesto thefinal consumers. Similarly, problem ranking formulawas
used to determine major factors influencing production and marketing of Kiwi in
the study area.

Cost of production

For analyzing the cost of production, the variable cost items and fixed cost items
were considered. The variable cost includes expenditure on saplings, field
preparation, labor, fertilizers, irrigation, plant protection chemicals,
micronutrients, harvesting, packaging, transportation, etc. Total cost of
production was calculated by using following formula.

Total cost =Total variable cost+ Total fixed cost
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Grossmargin analysis
Gross margin analysis was used as to determine profitability and as a means of
selecting farm plan. The gross margin depends on the service provided, market
structure, market price, perish ability of the product and distance between
producers and consumers. Gross margin was cal culated using following formula:
GM =X PiQi- X CjXj
Where,
GM=Gross Margin
Pi=Unit price of production
Qi=Quantity produced of product iCj = per unit variable cost of input
jQj=quantity of input used
>PiQi=Gross Return
Z CjXj=Variable cost
Benefit cost analysis (B/C ratio)
Benefit cost ratio was analyzed by two methods. First total gross return was

compared with total variable cost and second, total gross return was compared
with total cost.

Gross return
Total variable cost

B/C (Overtotalvariblecost) =

Gross return
Total cost

B/C (Overtotalcost) =
Marketing margin, producer's share and return on investment (ROI)
Marketing margin (MM) is the difference between the farm gate price and the
retailer’s price which was calculated as:

Marketing margin (MM) was calculated by subtracting farm —gate from Mill
gate price MM= Retailer price (PR) — Farm gate price (PF)

Producer’s share is the price received by the producer’s (farmers) expressed as
a percentage of the retailer price, that is, price paid by the consumers. It was
calculated by using following formula:

Ps = (pf/pr)x100
Where,

Ps = producer share
Pr = Retail price
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Pf = producer’s price (farm- gate price)
Return on investment on per kg of seed/ sapling per piece was calculated to
understand the strength of the value chain to attract investment indifferent value

streams.

Total revenue-Total cost/Total cost N
Where ROl = Return on investment %

ROI (%) = 100

Price spread
Price-spread is the difference between the actual price received by the producers,
the price paid by the consumers, costsincurred and margins earned by the various
market intermediaries in the process of marketing of Kiwi. The net price received
by the producers, total marketing costs and margins were analyzed separately for
Kiwi producer in order to evaluate the marketing efficiency of different marketing
channels.
Price spread (%) = (PF-PC)/PC*100

Where, PF=Price received by the farmers PC=Price paid by the
consumer

Marketing efficiency

Marketing efficiency is the ratio of net price received by farmers to the sum of
marketing cost and marketing margin. For each production system, marketing
efficiency was estimated by following formula. (Acharyaand Agrawal, 2001)

ME= NPF/EMC+XMM

Where,

ME =Marketing Efficiency

NPF= Net price received by the farmers
YMC=Sum of marketing cost

~MM=Sum of marketing margin of the intermediaries

Problems on production and marketing

For identifying major problems of production and marketing, index was prepared
based on response frequencies. Production and marketing problems were ranked
by using five-point level of influence comprising most serious, serious, moderate,
low and very low or no problem at all using scores of 1.00, 0.80, 0.60, 0.40 and

44



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279

0.20 respectively. The formula given below was used to find the index for
intensity of production and marketing problems faced by Kiwi growers. The
priority index for each variable was calculated by weighted average mean in order
to draw valid conclusion and making responsible decision.

Index of influence is calculated by using following formula:

linf _sifi
=
Where,
linf=index of influence

Y= summationSi=scale value
fi=frequency of influence given by respondentsN=total number of
respondents

RESULTSAND DISCUSSION
Cost of production of Kiwi (Quintal per hectare)

Variable cost and Fixed cost

The study showed that total average cost of production per hectare of Kiwi was
NRs.480128.40. Tota variable cost was obtained higher (NRs. 354628.40)
followed by the total fixed cost (NRs. 125500.00).

Table 1. Average cost of production of Kiwi per hectare

3rd5 4th 5 5th 5 Average
Particular 1st5Years | 2nd5Years | Years Years years Total
Variables
Cost 456460.69 | 581974.012 577860 97998 59119 354682.34
Fixed Cost 125500 125500 125500 125500 | 125500 | 125500
Total cost
(A+B) 581960.69 | 707474.012 703360 223498 | 184619 | 480182.34

Cost of production over various cost concepts

The table showed the cost of production with various cost concepts. In total 235
Kiwi plant were planted in average land 43.09 ha. Individuas had an average
landholding size was 7.18. Similarly, Average production per plant Yield (Kg)
was found 38.9 with production was 90222 kg/ha. Average cost of production of
1 kg of Kiwi was found NRs 53 at the rate of NRs 100 per kg.
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Table 2. Cost of production over various cost concepts

Productive number of Kiwi plant (Ha) 235
Total area (Ha) 43.09
Areaof individual farms (Ha) 7.18
Average production per plant Yield (Kg) 38.9
Average production per hector Yield (Kg) 90222
Average cost of production of 1 kg Kiwi 53
Sales price per kg of Kiwi at farm (NRS) 100

Cost and Return from Kiwi

The study revealed that the total gross return from the Kiwi production was NRs.
902222.22/-.ha. The study revealsthat on an average B/C ratio of Kiwi per hectare
was found 1.84. This indicates that Kiwi farming is somewhat worthy business.
In other word the Kiwi farming returns 1.84 times till the 25 years of farming
which is two times greater than investment on it. Kiwi production is higher from
6™ year onward to 20" year which has an average B/C ration found 2.47. Thusit
can be concluded that Kiwi farming acrossthe study areaswas profitable business.
The study revealed that the gross margin of Kiwi was NRs. 547593.82 per hectare
or 60.7 percentages. This indicates that the variable cost for the production of
Kiwi high at the study areas of Dolakha district.

Value addition analysis of Kiwi value chain

Total cost involved in Kiwi production by the farmers was found as NRs. 53 per
kg whichis 17.99 % of total cost of actorsin the value chain of Kiwi in the study
area. Total margin for the Kiwi producer was found as NRs. 47/kg which was 22
percent of the total profit in the chain. Kiwi producer usualy sell randomly
without grading or categorized and sold average price at NRs. 100/kg of Kiwi.
After purchasing from the Kiwi producing farmers, collectors, processors and
packages had performed sorting, grading, boxing, branding and storage in cold
room and finally packaging of conditioned Kiwi. During those processes total
average value-added cost incurred was NRs. 120/kg which is aimost 40.27 % of
total value addition cost. After the processing and packaging, they sold their
product to the traders. In this node of processing and packaging, actors took the
average profit of NRs. 96.67 which is almost 45.24 % of total profit for the whole
chain.
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Table 3. Cost and Return from Kiwi

A Total Gross Income (NRY ha) 902222

B Cost of production (NRS ha) 480128

C Net Return (A+B) 422094
BC Ratio 184

D Variables Cost 354628

E Gross Profit Margin 60.7 %

After the processing and packaging, activity to carryout wastrading. Average cost
of trading was NRs. 294.67/kg which is amost 71.83 % of total cost. In this node
of value chain, total profit gained by traders was NRs.70 which is amost 32.76
%of the whole chain. In total 42 percent margin was found in Kiwi value chain
with 58 percent value added cost of production. The marketing efficiency was
found 0.34. There was higher price spread in the Kiwi value chain mainly due to
the higher cost incurred in the process of processing, conditioning, packaging,
branding, promotion and advertisement and trading. Kiwi producing farmers are
getting only NRs.100/kg for selling whereasfinal consumerswere paying average
price of NRs. 508.33/kg, which resulted the total price, spread of 80.33% in the
Kiwi value chain.

Flow of Cost and valuein the Kiwi value chain in the study area

Kiwi producing farmers had the production cost of NRs. 53/kg and sold at an
average price that was NRs 100/kg. Collectors and wholesalers buy from farm
gate of farmers at an average pricei. e. NRs. 100/kg. Then soon after sorting and
grading was done at three different grade "A", grade "B" and grade "C". When
accomplished the grading they moved for further processing and packaging
process.

The major cost involving chain in kiwi value chain is processing, conditioning,
boxing, branding and tagging. In which value chain they added an average cost
NRs. 20/kg for each grade A, B and C and sold at NRs. 150/kg, NRs. 200/kg and
NRs. 300/kg respectively. A study showed that these phases had incurred higher
cost in as a whole value chain of Kiwi. They had received on an average 45
percent margin which was quite handsome margin. After that they added some
additional cost on it, which was on communication and promotional activities cost
and received around 24 percent of margin from that. The entire channels of Kiwi
value chain the total average cost incurred was NRs. 294.67/kg and which came
to 58 percent of total cost. While profit margin NRykg was 213.67 which was
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equals to 42 percent on as a whole value chain process. Considering the amount
of value addition and share of profit margin in each chain of Kiwi value chain,
higher value in terms of price was added NRs/kg 180, 80 & 30in grade A, B &
C, respectively.

Table 4. Value addition analysis of Kiwi value chain in the study area

Procure ’ .
Value added Margin | Selling
Actors Cost Involved on Z]ant cost NRs/Kg | NRs/Kg | NRs/Kg Grade
Purchase agri inputs,
Kiwi producin production, interculture
P 9 operation and harvesting | O 53(53) 47 (47) 100 No
farmers )
and packaging (loca
materials)
Collectors, 100 20 (80) 30(20) | 150 c
processor and lecti .
packagers Collection, sorting, 100 20 (60) 80(40) | 200
. grading. Boxing,
(commercial ) .
farmers/coll ector branding and Storagein
Jwholesders and cold room. 100 20 (40) 180 (60) | 300 A
PMAMP unit
96.67
Subtotal (A) 100 20 (55) (5) 216.67 Average
Handling, losses, tagging, | 150 5 45 (23) 200 C
Traders promotional activities, 7 5 7525 | 275 B
communication and
Taxes 300 5 95 (24) 400 A
Subtotal (B) 216.67 5 (48) 70 (24) 291.67 Average
Total (A+B) 21667 | 78(58) (2223)'67 508.33
Price Spread 80.33

(%)

Major constraint regarding production and value chain of Kiwi

Production related problems
The value obtained from the ranking scale revealed that no availability of sapling
on time was the mgjor problems related with Kiwi production with highest index
value of 0.78. Similarly, farmers had faced serious problems of lack of storage
facility farmers compelled to sell at lower price from farm gate in the study area,
which ranked second most serious problem among the categorized problems with
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index value of 0.74. Likewise Lack of technical knowledge regarding training and
pruning of Kiwi resulted in low quantity of production ranked third among the
categorized problems with index value of 0.73 followed by lack of post-harvest
technology like, stage of harvesting, grading and packaging resulted post-harvest
losses and fetch lower price at market with index value of 0.68 and problem of
Inadequate subsidies from government sectors with index value of 0.67 (Table
11). Inthe study area, thus all these problems were faced in the production stages
of Kiwi by farmers.

Table 11. Various problemson Kiwi production in the study area

Major problem (1) to medium

Problems problem (0.2) Weight | Index | Rank
1/08]|06 04 0.2
No availability of saplings on time 57| 22| 19 14 8 93.2 0.78

Lack of storage facility farmers

compelled to sell at lower price from
farm gate

46

26

25

12

11

88.8

0.74

Lack of technica knowledge
regarding training and pruning of

42

29

23

17

87.6

0.73

Kiwi resulted in low quantity of
production

Lack of post-harvest technology like,
stage of harvesting, grading and
packaging resulted post-harvest
|osses and fetch lower price at market

40 | 25| 22 10 23 81.8 0.68 v

Lack of subsidies from government

sectors 35 |28 |15 |25 |17 |798 |067 |V

Major problemson value chain of Kiwi

The value obtained from the ranking scale revealed that the major value chain
problem of huge gap between farm gate and retail price had the highest index
value of 0.76 and ranked as maor marketing problem among categorized
problems followed by fewer number of processor, packagersindex value of 0.75,
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=

mEsmrms s e ey

Insufficient transportation facility to the market showing index value of 0.72,
problem of market information system with index value of 0.71 and the last
problem was sell bulk volume without grading in same price transportation and
inaccessible market with index value of 0.70.
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Table 12. Variousvalue chain related problems of Kiwi producing farmers

Major problem (1) to medium problem
Problems ©.2) Weight | Index Rank
1 038 0.6 04 0.2
Huge gap
between farm
gate and retail 52 25 19 14 10 91 0.76
price
Fewer number
of processors, 40 34 27 12 7 89.6 0.75 1
packagers
Lack of
appropriate
transportation 43 27 21 18 11 86.6 0.72 11
facility to the
market
Lack of market
information 38 28 27 16 11 85.2 0.71 v
system
Sell bulk
volumewithout | 2 |18 |23 |12 |85 070 |V
grading in same
price
CONCLUSION

Kiwi isthe most promising and profitable high value medicina cash crop having
potential to significantly contribute to improve the rura livelihood through
income generation and self-employment. Nepal has a special and unique
topography and wide climatic adaptability for Kiwi production, kiwi having
unigue taste, high nutritive and medicinal values. The study reveals that on an
average B/C ratio of Kiwi per hectare was found 1.84. This indicates that Kiwi
farming is somewhat worthy business. Production is higher from 61 year onward
to 20" year which has an average B/C ration found 2.47. Thusit can be concluded
that Kiwi farming across the study areas was profitable business. Considering the
amount of value addition and share of profit margin in each node of Kiwi value
chain was found higher value. Higher price incurred during the process of
processing and packaging may be due the less equipped structure and low level
of technical advancement in processing and packaging equipment’s. Also, there
was a higher price spread. The main challenges include timely unavailability of
saplings, Lack of storage facilities, inadequate scientific research on kiwi
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production technology, insufficient investment, access of credit, Inconsistent
quality of product (no grading) to meet buyers demand, Lack of few processing
industries and value addition activities, Lack of organized marketing and post-
harvest infrastructure, unstable prices and high profit margins along with
inappropriate market channels. Strengthen the farmers for group-marketing of
kiwi fruits, increase farm gate price, increase farmer’s share and operation
efficiency in sale. Further research hasto be done on Kiwi production and itsvalue
chain and supply chain approaches for more appropriate to al actorsinvolved in
marketing systems. To reduce the market margin and price spread in Kiwi vaue
chain, shorten the marketing channels with possible one-way outdoor system. For
that farmers should be engaged in cooperative base marketing system and use of
new technology to reduce the production cost and make profit maximization.

ACKNOWLEDGEMENT

The author acknowledge Himalayan College of Agricultural Sciences and
Technology Kathmandu, Nepal, Temperate Fruit Rootstock Development
Center(TFRDC), Boach, Dolakha. Prime minister agriculture modernization
project (PMAMP PIU), Dolakha, for providing the support. The author would a so
like to acknowledge the valuabl e support provided by Mr. Kamal Rgj Gautam and
Dr. Binayak Prashad Raj Bhandari in the preparation of the manuscript.

REFERENCES

Acharya, S.S. and Agrawal, N.L. (2001). Agricultural Marketing in India. Oxford & IBH
Publishing Company, New Delhi

Adhikari, B.H. (2014). Production Technology for Kiwi fruit. Communication and
Publication Division, NARC, Khumaltar, Lalitpur.

Agrawal, G. R. (1999). Marketing in Nepal. Modern Printing Press, Kathmandu. pp. 70-
80.

Belrose, Inc. (2006). World Kiwifruit Review. 2006 Edition. Pullman. United States of
America

Belrose, Inc. (2006). World Kiwifruit Review. 2006 edition. Pullman, WA, Belrose, Inc.

Bhandari, N. B., &Aryal, M., (2014/15), A report on average cost of production and gross
profit of fruit farming in Nepal; MoAD; Agribusiness promotion and marketing
development directorate, Market research and statistics management program,
Hariharbhawan, Lalitpur.

CBS (2021). Satistical year book Nepal (Sxteenth). Central Bureau of
Statistics(CBS).http://cbs.gov.np/image/data/2022/Statistical Y ear
Book2021.pdf

Celik H (2006). Enhancing germination of kiwifruit seeds with temperature, medium and
gibberellic  acid.  Horticultural  Science (PRAGUE) 1.  39-45.
DOI:10.17221/3738-HORTSCI

52


http://cbs.gov.np/image/data/2022/Statistical%20Year%20Book%202021.pdf
http://cbs.gov.np/image/data/2022/Statistical%20Year%20Book%202021.pdf
https://doi.org/10.17221/3738-HORTSCI
https://doi.org/10.17221/3738-HORTSCI

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279

Callins, R. C., Dent, B. & Bonney, L. B. (2016). A guide to value-chain analysis
anddevel opmentfor Over seasDevel opmentAssi stancepr oj ects.AustralianCentref
or International Agricultural Research: Canberra

Dhakal S.P. (2018).An Introduction of Kiwifruit & Cultivation Technology. Temperate
Fruit Rootstock Development Center.

FAOSTAT(2020).Retrieved0718,2021,fromStati sti csdivision,foodandagricul tureorganiz
ationoftheUnitedNations.: http://www.fao.org/faostat/en/#data.

Ferguson AR and Bollard EG (1990). Domestication of the kiwifruit. Kiwifruit: Science
and Management 165-246.

Ferguson AR, Huang H. (2007). Genetic resources of kiwifruit: domestication and
breeding. Horticultural reviews 33:1- 21. DOI: 10.1002/9780470168011.ch1

Fournier, Jean-Michel and Hassan, Daniel. (2003). Economic aspects of the French
kiwifruit sector: impact of profit margin policy on channel operation.
International Society for Horticultural Science. V International Symposium on
Kiwifruit. Wuhan, China.

Gautam |IP & Gotame TP (2020). Diversity of Native and Exotic Fruit Genetic Resources
in Nepal. Journal of Nepal Agricultural Research Council 6: 44-55. DOI:
https://doi.org/10.3126/jnarc.v6i0.28114

Guroo |, Wani S, Wani S, Ahmad M, Mir S &Masoodi F (2017) A Review of Production
and Processing of Kiwifruit. Journal of Food Processing & Technology 8(10):
699. DOI: 10.3126/jnarc.v6i0.28114

ICIMOD, (2013), Kiwifruit Cultivation, ICIMOD Knowledge Park, Godavari, Lalitpur,
Nepal

Jindal KK and SharmalL (2016). Kiwi: A Potentia Fruit Crop, in North East India.

John L. Dillon, J. B. Hardaker, Food and Agriculture Organization of the United Nations
FAO, 1993

Joshi, PK. & Kumar, P. (2016). Food demand and supply projections for India. In:
International trade and food security- the future of Indian agriculture (Floor
Brower & P.K. Joshi, eds.). CAB International, Wallingford, UK.

Kaini, B.R. & Singh, P.B. (1998). Status of Horticulture M arketing Research and Extension
in Private and Public Sectors, Proceeding of the National Seminar on Fruit and
Vegetable Marketing in Nepal held from 15-16 September, Kathmandu, Support
on New Kalimati Market Project, FAO.

Kaplinsky,R.&M.Morris.(2001).A handbookforval uechainresearch.Preparedforthel nternat
ional Development Research Centre(IDRC).

Kofoed A (2015) A quantitative analysis of global kiwifruit trade. Uppsala: Swedish
University of Agricultural Sciences.

Kohls, R. L. and J. N. Ohl. 1985. Marketing of Agricultural Products. Sxth edition.
Macmillan Publishing Company Inc, New Y ork. Pp. 5-10.

Lees, Nic. (1993). Kiwifruit Industry 1980-1992: an Examination of the Development of
the New Zealand Kiwifruit Industry under High Product Prices, its Subsequent
Restructuring under Falling Returns, and the Effects of Government Policy.
MAF Policy: 50. Ministry of Agriculture. Wellington.

53


http://www.fao.org/faostat/en/#data.
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1002%2F9780470168011.ch1
https://doi.org/10.3126/jnarc.v6i0.28114
https://doi.org/10.3126/jnarc.v6i0.28114
https://www.google.com.np/search?tbo=p&tbm=bks&q=inauthor:%22John+L.+Dillon%22
https://www.google.com.np/search?tbo=p&tbm=bks&q=inauthor:%22J.+B.+Hardaker%22
https://www.google.com.np/search?tbo=p&tbm=bks&q=inauthor:%22Food+and+Agriculture+Organization+of+the+United+Nations%22

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279

Mani G, KundraA &Hague A (2018). Kiwi vaue chain in Arunachal Pradesh: issues and
prospects. Agricultural Economics Research Review 31(1): 123-130. DOI:
10.5958/0974-0279.2018.00012.5

Mayeux, L. & Mackie, G. (2007). Making the Strongest Links: A Practica Guide to
Mainstreaming Gender Anaysis in Vaue Chain Development. Addis Ababa:
International Labor Office.

MDD (1999). Agricultural Marketing System in Nepal. Annual Report. Marketing
Development Division, Kathmandu, Nepal.

MOAD (2021). Statistical Information on Nepalese Agriculture.

Obare, G., Shiferaw, B., Muricho, G. (2006). Leveraging Rural Institutions for Collective
Action to Improve Markets for the Poor: Lessons and Policy Options. Policy
Brief No. 8. ICRISAT

Peterson, Hikaru. H. and Willett, Lois. S. (2000). U.S. Kiwifruit Industry Model: Annual
Supply and Monthly Demand. Journal of Agricultural and Applied Economics
32(2000): 479-491.

Prime minister agriculture modernization project. PIU. (2077/78). Annual progress report.
Dolakha

Rhodes, V.J. and Dauve, J.L. (1998). The Agricultural Marketing System. 5th ed. Holcomb
Hathaway Publishers, Scottsdale, Arizona, USA.

Scott, G.J., (1995). Prices, products and people: Analyzing agricultural markets in
developing countries. Lynne Reiner Publishers, Boulder, London. 36p

Shrestha, C. M, and D. B. Thapa. (2013). Commercia kiwifruit production. Kathmandu:
Krishakra Prabidhi, (Nov/ Dec 2013) 11-19.

Taylor,D.H.(2005).Supply Chain Anaysis. an approach to value chain improvement
inagri-food chains; The International Journal of Physical Distribution and
Logistics Management, 35 (10): 744-761

TEPC (2019). Retrieved from Trade and Export Promotion Centre: Government of
Nepal :www.tepc.gov.np
wikipidia.org.wiki/kiwifruit.www.hort.prudue.edu/newscrop/morton/kiwifruit-
ars.html ww.lib.icimod.org/record/28277/files/technol ogy%620(5).pdf

Xu X& Zhang, Q (2003). Researches and utilizations of germplasm resource of Kiwifruit
in China. Chinese Bulletin of Botany 20(6):648-655.

Y erex, David and Haines, Westbrook. (1983). The Kiwifruit Sory. Masterton, Agricultural
Publishing Associates. New Zealan

54


https://doi.org/10.5958/0974-0279.2018.00012.5
http://www.tepc.gov.np/

Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279

EFFICIENCY OF MAIZE (ZEA MAYS. L)
VARIETIESFOR SEEDLING ESTABLISHMENT
UNDER DROUGHT STRESS

Avinash Shresthal, Shreena Pradhan?!, M ahesh Subedi?, and

Jenny Shresthat
IAgriculture and Forestry University, AFU, Chitwan
°Nepal Agriculture Research Council (NARC), Khumaltar
Corresponding author : shresthaavinas99@gmail.com; avishres@ttu.edu

ABSTRACT

Drought stressis one of the major abiotic factors affecting seed germination and
plant growth, especially in arid and semi-arid regions. The effect of drought stress
on seed germination and seedling growth of four varieties of maize was studied
using randomized complete block design with three replications. Germination
percentage (GP), germination index (Gl), mean germination time (MGT), root
length (RL), shoot length (SL) and dry root weight (DRW) were measured to
evaluate the varieties’ response to field drought stress. Drought stress, variety,
and the interaction drought x variety had a significant effect on all studied
parameters. GP and Gl decreased with the increase in stress level, while MGT
increased. Shoot length decreased with increasing drought stress but different
varieties show different performance under stress environment. Root length
decreased with increasing level of severe drought stress. Water stress was found
to affect the growth of roots the most. The varieties ‘Paheli local’ and
‘Manakamana 3’ exhibited the highest germination percentage and the best early
seedling growth, given their higher biomass and longer root length. Thus, they
could be recommended for environments with early cropping cycle drought.

Keywords: Drought, dry root weight, germination, growth trend, rainfed

INTRODUCTION
Maize is the second most important staple food crop both in terms of area and
production after ricein Nepal (MOAD, 2017). It isatraditional crop cultivated as
food, feed, and fodder on steep landsin the hills (Shrestha et al. 2019). Itisgrown
under rainfed conditions during the summer (April-August) as a single crop or
relayed with millet later in the season. Under the rainfed condition, drought
severely limits plants’ growth, development and productivity, particularly in arid
and semi-arid regions, where the rainfall variesfrom year to year. Thisisaso the
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case for the research site, which is in a semi-arid region of Nepal. However,
depending upon plant species, certain stages such as germination, seedling or
flowering could be the most critical stages for drought stress (Pena & Hughes,
2007). Proper seed germination depends on the availability of appropriate
moisture contents for metabolic activation to breakdown the dormancy or to
convert stored food into consumable form (Hadas, 2004). Among different stages,
critical crop establishment is accomplished up to the development of 7th or 8th
leaf. Crop density or number of emerged seeds, meantime for emergence and
synchronization of emergence are characteristic features which determined the
efficacy of seedling establishment (Finch-Savage, 1995).

Seedling growth after germination is another important stage for the life cycle of
plants, which would affect the size, development and genetic variation ability of
plant population (Woltz et a., 2006). Successful establishment of plants depends
on their germination quality which in turn depends on water availability (Ma,
Liang, & Kong, 2008).

Global warming islikely to increase the incidence of drought in many established
maize growing areas (Zaidi et a., 2004). Drought can be defined as a period of
below-norma precipitation that limits plant productivity in a natura or
agricultural system (Kramer and Boyer, 1995). Understanding the physiological
behavior of plants under drought conditions may result in predicting drought-
tolerant varieties of crops (Kerepesi and Galiba, 2000). Differences in resistance
to drought are known to exist within genotypes of plant species and were found
in many studies of maize (Lorenset al., 1987; Adhikari et al., 2021). The objective
of this study was to determine the effects of deficit water stress on germination
and seedling establishment of maize genotypes. Germination is regulated by the
duration of wetting and the amount of moisture in the growth medium (Gill et a.,
2002). Seedling growth after germination is another important stage for the life
cycle of plants, which would affect the size, development and genetic variation
ability of plant population (Woltz et al., 2006).

MATERIALSAND METHODS
Site of theresearch
The research was conducted at two locations;
* Farmer’s Field (Gyan Bahadur Gurung), Sidhhicharan MP 4,
Okhaldhunga. The site was at an elevation of 1750 masl with 28° 65° N
latitude and 82° 16’ E longitude
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* Plagtic housein District Agriculture Development Office, Siddhicharan

MP 4, Okhaldhunga. The sitewasalso at an elevation of 1750 masl with

27°30° N latitude and

86°50° longitude.
The soil typeissandy loam and climatically upper-tropical with an average annual
rainfall of 1868.5 mm. The research location is characteristics of sub-tropical to a
temperate climate. Rainfall in Okhaldhunga during the time of the study March to
May 2018 was 700 mm while the average temperature was 20°C as obtained from
mfd.gov.np

Table 1. Name of varieties, recommended site and site of collection used in

the study
SN [Nameof Variety Recommended site  |Collected from
1. |Manakamana-3 Inner terai to Mid hills [Siddhicharan Municipality Office,
Okhaldhunga
2. |Khumal-Hybrid 2 Inner terai to Midhills INARC, Khumaltar
3. |Arun6 Inner terai to Foothills NMRP, Chitwan
4. |Nutan IL60 (Comm. Hyb) {1000 to 1800 masl Seed Distributor, Khumaltar
5. |Paheli locd Okhaldhunga Local farmer, Siddhicharan, Okhaldhunga

The experiment was a double factorial randomized complete block design, with
threereplications. Thefirst factor wasthe variety, with fivelevels, and the second
wasthe induced water condition with two levels namely rain-fed and water stress-
induced. Water stress was induced by choosing a plastic house raised above the
ground and restricted water. Seeds were sown in both conditions a 75 X 30
cm?spacing with 20 plants per row and 3 rows per plot.

Germination parameters were counted after 8, 14, 18- and 21-days following
sowing. Seeds were considered germinated when they appeared above the soil
profile. For germination percentage, the number of seeds germinated by day 21
was considered.

Germination Percentage (GP) = (No. of germinated seeds/ Total no. of seeds
sown) x 100

Germination index (G = (No. of germinated seed)/
(Days of the first count) + --- + (No. of germinated seed)/
(Days of the last count)

(Moradi, Akbari, Ramshini, & Khorasani, 2012)
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Mean Germination Time (MGT) = (3, TiNi)/ > Ni

Where, Ti = Total time for germination

Ni = number of seedlings emerged

Unit = day
Shoot length was measured from the cotyledons to the collar, and the root length
was measured from the collar to the root tip.

Satigtical analysis was conducted with the software package Agricolae in R
studio. Data were subjected to an analysis of variance (ANOVA) to determine
statistically significant differences among varieties, drought stress, and their
interaction levels. Duncan’s multiple range test (DMRT) was applied to compare
treatment means. A multivariate ANOV A was also conducted to study the growth
profilein different conditions of water availability.

RESULTS AND DISCUSSION

Drought stress effects on ger mination

Results of analysis of variance indicated that drought stress significantly affected
maize seed germination percentage (GP), germination index (Gl) and mean
germination time (MGT). There was also a significant effect of variety and its
interaction with drought on these parameters (Table 1). GP and GR decreased,
while MGT increased with the increase in water stress (Figure1 & 2).

25.00 m Stress
m Rainfed
20.00
=
£ 15.00
8 10.00
()
5.00
0.00
Khumal Nutan

Maize Vairietes
Figure 1. Germination percentage of different maizevarietiesin responseto
field water condition
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Figure 2. Germination indices of different maize varietiesin responseto a
field water condition

The highest GP (75 %) was observed under rainfed condition, and the most
significant decline was seen in Nutan IL60 which is aso acommercia hybrid.

Germination index of drought resistance

The Paheli local showed similar Gl for both rain-fed (217.3) and stressed
condition (217.7). The varieties showed higher Gl for rainfed condition compared
to stress condition. The best one was Paheli loca followed by Nutan IL60,
Manakamana 3 and Khumal Hybrid 2.

Table 2. Analysis of variance (mean squares) for seed germination and
seedling growth-related traits of maize varietiesvs. field water condition

d MG
sov f | GP Gl T SL RL | DRW
213.90* | 2203.4* 52.22** | 918 | 0.01**
Varl ety 3 * % ** 180 * * *
973.92F | 112.4* 389.81* 0.27%*
Condition 1| ** * 050 | ** 7.27% | *
Vareity X 0.00%*
Condition 371 63.9%** | 070 | 1551* |059 |*

Abbreviation: SOV: Source of Variation GP: Germination Percentage; Gl:
Germination Index; MGT: Mean Germination Time; SL: Shoot Length; RL: Root
Length; DRW: Dry Root Weight
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Shoot length and root length

hanges in morphological characters are the ultimate determinants of stress effects
on plants (Jaleel et. al., 2009). Following germination, cellular growth appears to
be the most sensitive response to drought stress (Rezaeieh & Eivazi, 2012). A
study has shown that water shortage declines corn canopy height, leaf areaindex
and root growth (Hirich, Fatnassi, Ragab, & Choukr-Allah, 2016) Paheli local,
Manakamana 3 and Nutan | L60 performed better than Khumal Hybrid 2 regarding
shoot length which means that drought inhibited the cellular growth the most in
Khumal Hybrid 2.

Genotypes could be declared as tolerant and susceptible based on traits like root
length, dry root weight, fresh root weight, fresh shoot weight, etc (Naveed et. Al.,
2015). In this study, the highest root length under drought stress belonged to
Paheli local and the shortest one belonged to Khumal Hybrid 2. Manakamana 3
and Nutan IL60 were at par considering their root lengths at both stressed and
rainfed condition. Higher root length of Paheli local followed by Manakamana 3
and Nutan IL60 theoretically signifies higher chances of exploration and
absorption of water and nutrients from the soil under drought stress. Therefore, in
an unfavorable environment, with water deficit, root growth is very important to
alow greater exploration of the soil in search of water, without excessive energy
consumption. Decreased root length in Khumal Hybrid 2 was probably because
of low photosynthetic assimilates devoted to parts of the plant due to diminished
photosynthesis. This was mentioned in a study by (Moradi, Akbari, Ramshini, &
Khorasani, 2012).
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Figure 3. Root length of different maize varietiesin responseto afield
water condition

Dry root weight
Khumal Hybrid 2 having less dry weight in both the conditions least tolerant to
water stress. On the other hand, Paheli local could be utilized in a breeding
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program considering its morphological traits are most tolerant to drought. A study
by Horne, Ross & Hughes (1992) reported that maize genotypeswith low root dry
weight are less tolerant to drought stress. So,

0.50 0.27 0.32 0.37 0.40
0.07. 0.12 0.14 0.18

0.00 — [ [ ]
Khumal Man Nutan Local

MaizeVarieties

Dry root weight

E Stress ® Rainfed

Figure 4. Dry root weight of different maize varietiesin responseto field
water condition

Growth profile study
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Figure5. Growth curveof traitsper week in stressed and rainfed condition.
(A: Shoot length; B: Root length; C: Fresh shoot weight; D:
Dry shoot weight; E: Fresh root weight; F: Dry root weight)
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The growth profile curve (Figure 5) shows the gain in shoot length every week
steadily increased in rainfed condition except in the last two weeks. While in the
stressed condition, there was a constant fluctuation in the gain in shoot length
throughout the 5 weeks. It decreased during the interval between 2" and 3" week
and again in the interval between 4™ and 51 week. The gain in shoot length every
week steadily decreased as the plant matured for both rain-fed condition and
stressed condition. There isa significant gain in shoot length for both conditions
especially when the plant is of the knee-high stage (4" to 5" week). Similarly, the
gain in fresh shoot weight gradually increased from the 1% week to 2" and then
from 2™ to 3" in both rain-fed and stressed condition. The only difference was
that in the case of the rainfed condition, there was a more gain/week. Thegainin
dry shoot weight per week steadily increased as it is supposed to for the rainfed
condition. But for the stressed condition, the gain in dry shoot weight decreased
from 2" week to 3 week. Thegainin dry root weight per week increased for the
rain-fed condition while it decreased dlightly for stressed condition suggesting a
lowered tolerance for drought.

CONCLUSION

Based on the results of this study, the varieties ‘Paheli local’ and ‘Manakamana
3’ germinated better than the other varieties under drought conditions. The
observed variation among varietiesisareliableindicator of genotypic differential
for drought tolerance in maize. This suggests that the choice of the maize variety
to be planted in a given environment should depend upon the presence and the
degree of the stress observed in such an environment. In drought-stressed
environments, the varieties ‘Paheli local’ and ‘Manakamana 3°, exhibiting the
highest germination percentage, should be recommended. These varieties contain
traits like longer root length and higher root dry biomass which, according to
previous studies, are most linked with drought tolerance ability. Furthermore, it
can be identified whether these traits have a role in reducing/altering the grain
yield and breeding programs can be designed accordingly.
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Annexe 3. Agrometeorological data during the research period (Source:
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ABSTRACT

A study was conducted in National Goat Research Program, Bandipur, Tanahu,
Nepal to evaluate the growth performance of Saanen pure goats. A total 19 off
spring born on FY 2074/075 were used for the analysis of mean of birth weight,
weaning weight and eight-month weight. Out of all born 12 kids were male and 7
kids were female and the twining per centage and mortality rate were 58.33 % and
5.26%, respectively. The birth weight for Saanen pure kids were 3.75+ 1.24 kg for
male and 3.60+ 1.84 kg for female kids. The mean weaning weight and eight-
month weight were 16.14+ 2.67kg, 29 +2.95kg for males and 15.50 +2.29 kg and
22.2 +3.12 kg for females, respectively. The body weight gain from birth to eight-
month age was 107.29 g per day for male and 77.50 g per day for female kids,
respectively. These resultsindicated a genetic progress of the breed.

Keywords: Birth weight, Saanen, Growth performance, Weaning weight
INTRODUCTION

Saanen is the milk producing breed in the world. Goat production is regarded as
afeasible means to improve the income and nutrition of rural communities and to
bring these communities in to bring these communities into commercial
marketing systems (Braker et al., 2002). Goats are important for both commercial
and subsistence farming system in Nepal. Saanen is the most popular milk breed
of world. The Saanen Goat isa Swiss breed, originating in the Valley Switzerland.
Commercial farmer’s rears goats primarily for meat production and subsistence
farmers use them as a source of meat and milk, aswell as cash for other expenses
(Casey and Van Niekerk, 1988). The dairy goat’s popularity continues to increase
rapidly as more people discover the dairy goat’s appeal, utility and
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productiveness. The Saanen breed originates from Switzerland, from the Saanen
Valley, where the annual average temperatures are 9.5° C (Silva et al. 2006).
Saanen does are heavy milk producers and usualy yield between 3% and 4% fat.
The Saanen isatypical dairy-type animal, it has adished or straight facia lineand a
wedge-shaped body. Saanens are of medium height when compared with the other
Alpine breedsin Australia. Does weigh at least 64 kg. The average height measured
at the withersis about 81 cm for does and 94 cm for bucks. The coat is all white or
all cream and the hair is generally short and fairly fine athough some may have
longer hair along the spine, hindquarters, or both. Between different goats available
it occupiesthe place that the Holstein-Friesian has among cattle breeds (Weppert,
1998). The present paper aims to know the growth performance of Saanen pure
goats at research station.

MATERILASAND METHODS

Study site and selection of experimental kids

This study was conducted at National Goat Research Program, Bandipur of
Tanahu digtrict which is located 135km from capita city Kathmandu, at an
altitude of § Omasland at2 ° 6’ 8” N and 8§ 2’ ”E. The mean annual temperature
is 21.01°C and annual rainfal is 340.8mm with average relative humidity of
74.65%.This study was performed in FY 2074/75 of GRS, Bandipur. A total 19
off spring born kids were used for the analysis of mean of birth weight, weaning
weight and eight-month weight. Out of al born 12 kidswere male and 7 kidswere
female. Kids were weaned at the age of four month

Shed and health management and feeding regime

Saanen goats were kept in semi-intensive system and improved farm managed
condition of Goat Research Station. Seasonal mix fodder (provide name of
fodder) was provided to experimental kids in groups twice daily during noon and
evening. Concentrate mixture was given @ 1% of body weight. Anthelmintics
was provided based on fecal examination at regular interval and kids were dipped
in malathion solution against external parasites. Vaccination was performed
against PPR, FMD and Clostridium Perfringens Types C & D- Tetanus Toxoid.

Data collection and analysis

All the weight was measured using electronic weighing machine. Weight were
taken from birth weight, weaning weight and eight month weight were recorded
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in morning before feeding and watering at monthly interval. The data were
analyzed using Statistical Package for the Social Science (SPSS). Means were
compared using Ms-excel.

RESULTSAND DISCUSSION

Growth performance of experimental kids

The birth weight of pure Sannen kids were 3.75 kg for male and the 3.60 kg for
females, respectively which was higher than that of study made by Khandoker
et.al.(2018) as in Maaysian condition (3.07+0.58 kg for male and 2.75+0.62 kg
for females). Weaning weight (age) for male was 16.17kg and female for 15.50
kg, respectively. Tek et al. (2011) reported that the average live weight of Saanen
kids on birth was 3.29 kg, which was lower than the value found in the present
study. In addition, higher birth weight was recorded in male (3.23+0.62kg) than
that of the female (2.75+0.58 kg) in the present study whic was supported by the
previous study of Wenzhbong et al. (2005) and Djemali et al.(1994). Eight month
weight were 29.5kg for male and 22.2 for females. Weight gain from birth to 8
month weight gain for male was 107.29 g/day and 77.50 g/day for female, which
is more than that of Khari and other Boer crosses breeds (Ref) (Table 1).

Table 1. Body weights gain of pure Saanen kids

Parameter Male Female
Weight Weight gain . Weight
(kg) g/day Weight (ko) | in grday
Birth Weight 3.75+1.24 3.60+1.84
Weaning weight  [16.14 + 2.67 103.25 15.50+2.29 99.16
Eight-month 2054295 | 107.29 2224312 77.50
weight
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Figure 1. Saanen kid weight measurement
Kid mortality and twinning per centage

During fiscal year 2074/75, at NGRP, Bandipur atotal of 19 kids were born from
does at kidding rate of 1.58 kids/doe. Out of all born kids 12 were males and 7
were females. Tthe kid mortality rate was found to be 5.26 % on an average up to
the eight months. Does with single kids accounted for 41.66% and twins 58.33%,
respectively (Figure 2).

H Single

B Twin

Figure 2. Doeswith single kidsand twins
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CONCLUSION

From this study, it can be concluded that Saanen kids have good growth
performance. The significant effect of sex at different ages indicates potentia of
the breed for better productivity under improved management system. Moreover,
continuous improvement in genetic selection, feeding method and management
system may contribute to faster growing rate.
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ABSTRACT

This study evaluated comparative profitability and technical efficiency of small-
scale rice farmers with and without access to improved production technology in
North Central Nigeria. Multistage sampling technique was adopted for this study,
Data were collected through the use of a well-structured questionnaires from
1500 sampled smallscale rice farmers with access to technology and also 1500
sampled smallscale rice farmers without access to technology making a total of
3000 rice farmers in the study area. The following statistical and econometrics
tools were used to achieve the stated objectives; descriptive statistics, budgetary
technique, stochastic production frontier and F-Chow test statistics. The results
showed that the average age of the sampled rice farmers with technology was 36
years, while those without access to technol ogy was 46 years. About 53.2% of the
farmers with technology had formal education and also about 65.4% of the
farmerswithout technology al so had formal education. Theresultsfurther showed
that rice production was profitable for both catagories of the farmersThe average
technical efficiency obtained by smallscal e farmerswith accessto technology was
higher (81.1%). The datistical significant (P<0.01) factors influencing rice
production for both catagories of the smallscale farmers access to technology
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were: land size, labour, fertilizer and agrochemicals. The dtatistical significant
(P<0.01) factors influencing technical inefficiency of both catagories of the the
farmers were education), land size, experience, household size and extension
contact or cooperative. The major challenges faced by smallscale rice farmers
with access to technology were: poor credit facilities, shortage of farm input,
inadequate rainfall season, high cost of labour and instability in planting
calendar. The smallscale rice farmers without access to technology also faced
with the following constraints: soil fertility, attitude of farmers towards adoption
of innovation, poor credit facility, high cost of labour and instability in planting
calendar and ineffectiveness of agricultural chemicals used due to delay in
rainfall. The F-Chow test showed that there was significant impact on technical
efficiency, productivity and profitability of rice farmers with access to improved
technology. The study has recommended that inputs such as improved seed
varieties, fertilizers, chemicals and extension services should be provided timely
to the farmers by the government of Nigeria or NGOs at affordable price or
subsidized rate.

Keywords. Profitability, Technical Efficiency, Rice Farmers, Small-Scale,
Access to Technology

INTRODUCTION

Rice (Oryza sativa) is an important food crop in Nigerig; it is one of the major
staples and a strategic commodity to Nigeria’s economy. Nigeria’s demand for
riceisabout 7.9 million Metric tonnes per year out of which an average of about
2 million metric tonnes are imported; the country spends between $500 million
and $1 Billion on rice importation per annum since 2002 (RMM, 2017).
Furthermore, theyield per hectare of locally produced rice stands at about 2 metric
tonnes compared to global average of 6.0 metric tonnes; due to poor seed quality,
low soil fertility, low use of fertilizer, iron toxicity, poor adoption of improved
technology, in addition to problems of pests and diseases (Adesina,2012). Rice
consumers in Nigeria generally perceive local rice as poor in quality. Therefore,
achieving the rice self-sufficiency goa of the government requires changesin the
level of production, processing and marketing of rice that meets the quality
demand of local consumers. Rice production is a vital component of Nigeria's
agricultural sector, particularly in the North Central region, where small-scale
farmers congtitute a significant portion of the farming population (FAO, 2020).
However, small-scale rice farming in the region faces challenges, including low
productivity, resource constraints, and limited access to modern agricultural
technologies (Adeyemo & Arokoyo, 2018). To address these challenges, the
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adoption of technology has been identified as a potential solution to improve the
profitability and efficiency of small-scale rice farming. This study aims to
investigate the comparative profitability and technical efficiency of small-scale
rice farmers in North Central Nigeria, focusing specifically on the utilization of
technology. By comparing farmers who have adopted improved production
technology with those who have not, this research seeks to provide insights into
the potential benefits and challenges associated with technological interventions
in the rice farming sector. The use of technology in agriculture has the potential
to enhance productivity by improving resource allocation, reducing production
costs, and increasing yield levels. Technological interventions, such asimproved
seed varieties, use of agrochemicals mechanization, and precision farming
techniques, can contribute to higher yields and improved farm profitability.
Additionally, technology adoption may lead to increased technical efficiency by
enabling farmers to optimize the use of inputs and achieve higher output levels
per unit of resources employed. However, the adoption of technology by small-
scale rice farmers may face several barriers, including limited access to capital,
lack of awareness and knowledge about available technologies, and inadequate
infrastructure. These challenges can hinder the adoption process and limit the
potential benefits that technology can offer to small-scale rice farmers. The
profitability and technical efficiency of small-scale rice farmersin North Central
Nigeria can vary significantly depending on their adoption or non-adoption of
technology. However, there is a gap in empirical research examining the
comparative performance of these two groups.

MATERIALSAND METHODS

Area of Study

The study was conducted in North Central Nigeria which comprises of six states
namely, Kwara, Kogi, Niger, Nasarawa, Plateau and Benue states. Niger State,
and Nasarawa State were sel ected for the study. Niger Statelies between L atitudes
3920’ and 7°40" North of the equator and Longitudes 8°11" and 11°2" East of the
Greenwich  Meridian (Niger State Ministry of Information and
communication,2008). The State shares boundaries in the North with Zamfara,
Kebbi States and Federal Capita Territory, Abuja. It aso shares common
boundary with Republic of Benin at Babanain Borgu Local Government Areain
Niger state. It islocated in the Guinea Savannah agro ecological zonein Nigeria,
with annual rainfall of 1100 mm in the north and 1600mm in the south (Niger
State Ministry of information and communication, 2008).Nasarawa State is
bounded in the North by Kaduna State, in the West by the Abuja Federal Capital
Territory, in the South by Kogi and Benue Statesand in the East
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by Taraba and Plateau States. The State lies between Latitudes7° 45” and 9° 25’
North of the equator and between Longitudes7°® and 9° 37° East of the Greenwich
meridian. The average annual temperature is 28.4 °C and about 839 mm of
precipitation falls annually. Most of crops produced by farmersin these states are
rice, cowpea cassava, groundnut sesame seed, sorghum etc and also reared
livestock like goats, pigs, cows and sheep.

Method of Data Collection

Data used for this study were obtained from primary sources. The relevant
primary data was obtained from rice farmers in two selected states in the study
area. Themain instrument for data collection was pre-tested structured interview
schedule administered on respondents by trained enumerators under the
supervision of the researchers.

Sampling Technique and Sample Size

The target populations for this study were rice farmers in North Central Nigeria.
Multi stage simple random sampling technique was used for the study. Two States
randomly selected were Niger and Nasarawa State. A cross sectional data was
used for the study comprising of 1500 rice farmersthat were exposed to improved
rice production. Furthermore, another set of 1500 that were not expose to the
technologies were selected as well. Therefore, a total of 3000 rice farmer were
used for the study.

Method of Data Analysis
Descriptive statistics such as frequency distribution, mean, and standard variation
were used to capture the socio-economics characteristics of the respondents.

Budgetary Technique
Farm Budgetary Analysis were used to capture costs, returns and profitability
ratios of rice farmers. The Budgetary Analysisinvolved the estimation of net farm
income and return on Naira (ROI) invested which was used to determine the
profitability of rice production of respondents with and without access to
improved production. Following Olukosi and Erhabor (1988), the net farm
income was estimated on per hectare basis as follows: -

GM =TR—-TVC ... .. (D
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NFl =GM - TFC ....... 3)
Where,

NFI= Net Farm Income; GM = Gross Margin (N/ha); TR= Total Revenue Py . Y
(N); P =PriceRicein (N), Q = Total quantity of rice (Kg/ha); P;= Price of Input
(N/KQ);X; = Quantity of Input Used (Kg/ha), Py = Price per unit output (N¥);Y =
Total quantity of output (Kg)/unit/Ha

TFC = Total Fixed cost per hectare (¥) (Average annual depreciation cost for all
input was used)

Financial Analysis. According to Alabi et a. (2020), gross margin ratio is
defined asfollows:

G Marein Ratio = Gross Margin 4
ross Margin Ratio = Total Revenue ™ " ™" . (4)

According to Olukosi and Erhabor (1989), operating ratio (OR) is defined as
follows:
TVC

Operating Ratio = QL e e e e e e e (5)
Following Lawal (2008) return on Nairainvested (ROI) was obtained asfollows:
NI
RORI = — ... ... ... 6

Where,

RORI= Rate of Return per Naira Invested (Units);

NI= Net income (Naira);

TC= Tota Cost (Naira).

Decision rule: ROI value should be greater than one for an enterprise to be
profitable.

Stochastic Production Frontier M odel

Stochastic frontier model was used to estimate technical efficiency values and
identify factors determining inefficiency. Productivity of resource use estimate
would be calculated from the coefficients of the stochastic frontier model. The
explicit model form is presented as:

Y= fXuBei=1,..,N e (7).
6

LnY; = By + zﬂi LnX; + - PplnX, +V —U; ... ... .....(8)
i=1
Lnill = ﬁo + BanXl + BanXz + [33LTLX3 + ﬁ4LnX4 +
,BsLTLXS + Vi_Ul" (9)
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Where,
LnY; = Rice Output (Bags)
X =Land size (ha)
X,=Labour (Man days)
X3=Rice Seed (Kg)
X 4= Quantity of Fertilizer (Kg)
Xs=Agro Chemical Input (Litres)
Bo = Constant Term
B1 — B¢ = Parametersto be Estimated
The Technical Inefficiency Component of the Stochastic Frontier Model is
stated thus:
Ui =ag+a1Zy +ayZ, +azZz + a2y +asZs + agZe
+a,Z;.....(10)
Where,
U; = Technical Inefficiency Component
Z1= Education (Y ears Schooling)
Z,= Age of Farmers (Y ears)
Z3=Farm size (Hectares)
Z 4= Farming Experience (Y ears)
Zs= Household Size (Number)
Z¢ = Extension contact (Number)
Z, = Sex (1, Mde; 0, Otherwise)
ay = Constant Term
a, — a7 = Regression Coefficients
F-Chow Test Statistics
According toDoughery (2007) and Chow, (1960) F-Chow test statisticsis often
used in determining the equality of error variancesin two linear regression
equations thisis the main restriction assumed in Chow test.
The pooled Regression model is specified as;

Yij = a+ BXyij + 0Xaij + €ij cve v e (11)
If we split the datainto two groups, then we have,
Yij = aqij + B1X1ij + @10 X2ij + €ij e e e . (12)
Yij = azij + B2 Xaij + ¢21jX2i5 + €ij v e oo (13)
Where,
Y;;

= Qutput of Rice from farmers with and without access to technology
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Chow test is an application of the F-distribution test, if F-Chow is greater than
the F-table, then there is a significant difference between the output of rice
farmers with and without technology or otherwise. The model is specified as
follows:

RSS — (RSS; + RSS,)/K

F + —Chow Test =
W e = R GS, + RSS, /[N, + N, — 2K]

N ¢ V)

Where,

RSS = Sum of Square Residual from Pooled Data,

RSS; =Sum of Squares from the rice producers with access to technology
RSS,

= Sum of Squares from rice producers without access to technology,
K = Total Number of Parameter ,

N; ,N, = Number of Observation in Each Group ,

Study Hypothesis

HoB11j = Baij: Thereisno significant differences of productivity between rice
farmers with and without access to improved technology. The main hypothesis
in the Chow test isthat the coefficient (Rice output) s are equal for both sub-
samples.

RESULTSAND DISCUSSION

Socio-economic characteristics of the smallscale rice farmers with and
without accessto improved production technology

Theresults of the socio-economic characteristics of the sampled scalericefarmers
with and without technology is presented in Table 1. The average age of the
sample rice farmers with technology was 36 years while those without technology
was 46 years, this implies that the rice farmers from both categories were still
energetic and in their active age of productivity but rice farmers that adopt
technology were much younger than those without technology, there is a
difference of 9 years between farmers with technology and those without
technology, the younger the rice farmers the higher the chances for them using
technology and innovation in rice production that would lead to increase in
efficiency and profit maximization. This is in consonance with Okello et al.
(2019) who reported an average age of 38 years for rice farmers and contrary to
the findings of Aboaba, (2020) who reported the mean age of rice farmers to be
54 years. The study also shows that majority (84.2%) of the sampled rice farmers
with access to technology were male while majority (83.3%) of the sampled rice
farmerswithout technology were malerice farmers, thisindicates that majority of
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the rice farmers using technol ogy and without technology were malerice farmers.
This result in in line with Oladele et a. (2020) who reported that the male
dominancy in agriculture is expected especialy due to great energy required in
carrying out farming activities. About 83.1% of the sampled rice farmers using
technology were married and 83.3% of those without technology were aso
married implying that most of the sampled rice farmers from both categories have
labour supply for rice production in the study area. Furthermore, the results show
that majority of the sample farmerswereliterate, only 10.5% and sampled farmers
with access to technology and 3.4% of farmers without access to technology has
no formal education. The average household size of the sample rice farmers with
and without technology was 7 and 9 persons respectively. On average farmers
without access to technology had larger household size than those with access to
technology with adifference of 2 persons per household. While the average length
years of rice cultivation by farmers with and without technology was 10 and
13years respectively. There is a difference of 3 years in the average years of
farming experience between farmers with access to technology and those without
access to technology. Length of years in rice cultivation makes farmers to
accumulate experience and knowledge about rice cultivation which could make
farmersto maximize profit. About 44.2% of the sampled farmers with technology
were members of the cooperative association while majority (61.5%) of the
sampled rice farmers without technology were also members of the cooperative
association.

Cooperative association makes farmers to organize themselves in such way that
they can contribute their resources and pull it together which could enable them
to purchase inputsin bulk at lower price rate. The study also shows that majority
74.7% and 76.9% of the sampled rice farmers with and without technology had
no accessto formal credit facilities respectively. More so, most (63.2%)of therice
farmers with technology and 67.9% of the farmers without technology source
their capital or finance through personal savings. Majority of the sample rice
farmers with access (73.7%) and without access (70.5%) to technology has land
size of lessthan 2 hawith average land size of 1.5 haand 1.4 hafor farmers with
access to technology and without technology respectively. Thisisin line with the
findings of Abdul et al. (2017) who reported farmers with similar farm size for
farmers.
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Table 1. Socio-economic char acteristics of the sampled small-scalerice
farmersin thestudy area

Variables Rice Farmerswith Rice Farmerswithout
Technology n =1500 Technology n=1500
Frequency | Percentage Frequency Per centage

Age (Years)

21-30 300 20.0 250 17.7

31-40 789 52.6 442 29.5

41 -50 363 24.2 596 39.7

> 50 47 3.2 212 14.1

Mean 36 46

Sex

Male 1263 84.2 1250 83.3

Female 237 15.8 250 16.7

Marital Status

Single 205 13.7 231 15.4

Married 1247 83.1 1250 83.3

Widow 47 3.2 19 1.3

Education L evel

Quaranic 174 11.6 96 6.4

Primary 253 16.9 269 17.9

Secondary 615 41.1 500 33.3

Tertiary 189 12.6 480 32.1

Adult Education 110 7.4 96 6.4

No Formal Education 158 105 58 3.8

Household Size

(Number)

1-5 474 31.6 538 35.9

6-10 805 53.7 480 32.1

11-15 221 14.7 480 32.1

Mean 7 9

Length of

RiceCultivation

1-5 174 11.6 404 26.9

6-10 710 47.4 500 33.3

11-15 410 27.4 154 10.3

>15 205 13.7 442 29.5

Mean 10 13

Member Cooperative

Members 663 44.2 923 61.5

Not Member 837 55.8 577 38.5

Accessto Credit

With access 379 25.3 346 23.1

No access 1121 74.7 1154 76.9
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Sour ce Finance

Personal 947 63.2 1019 67.9
Bank 32 2.1 38 25
Friend Relative 221 14.7 19 13
Cooperative 300 20.0 423 28.2
Farm Size (Ha)

0.1-2 1105 73.7 1058 70.5
214 221 14.7 250 16.7
4.1-6 174 116 192 12.8
Mean 15 14

Sour ce: Field Survey Data (2023)

Costs, Returns and Profitability of Small-Scale Rice Farmers with and
Without Accessto Improved Production Technology

Table 2 presents the results of costs, returns and profitability of rice producers
with and without accessto improved rice production technology in the study area.
The results show that the total variable cost incurred by the small-scale rice
producers with technology was N175,354.76 and those without technology
incurred atotal variable cost of N123,857.34 with cost incurred on labour having
the highest proportion of 43% for farmers with access to technology and 49% for
those without technology while the total variable cost incurred by the small-scale
rice farmers without access to technology carries 79.3% proportion of total cost
of production. The total fixed cost incurred by the small-scale rice farmers with
and without technology N39474.28 and N22,427.42, respectively. The estimated
total revenue realized by the rice farmers with access to technology was
N830,244.75 while the revenue obtained by small-scale rice farmers without
technology was N350,287.55.

The gross margin estimated for small-scale rice farmers with technology was N
615,415.71 while those without technology obtained N194,002.79 and the net
profit of about N575,941.43 and N171,575.37 for both small-scale rice farmers
with access to technology and without technology respectively. The gross margin
ratio obtained was 0.75 and 0.55for small-scale farmers with and without
technology respectively while the operating ratio obtained by small-scale
producers with technology was 0.26 and small-scale producers without
technology was 0.35. The rate of return on investment realized by farmers with
technology was estimated to be 2.75 while the small-scale rice farmers without
technology was 1.10.
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Table 2. Average costs, returnsand profitability per hectare of rice
producerswith and without accessto improved production technology

Variables Rice farmerswith Technology Rice farmers without Technology
Average Financial | Proportion | Average Financial | Proporti
Value Ratios (%) Value(N) | Ratios on (%)
(MNyha

Variable Cost

Seed 30,080.82 0.140 22,459.02 0.0.144

Fertilizer 48,000.00 0.22 6500.00 0.0142

Manure kkkkhkkhkkkk *kkkkkkkkkk 4,85714 0031

Herbicide 19,236.30 0.089 6,830.34 0.044

Pesticides 3,926.80 0.018 *Rkkk *hkk

Cost of Labour

Land preparation 24,722.41 13,103.33

Planting cost 15,223.73 9,581.72

First weeding el 3500.00

Second weeding 11,279.63 18,124.39

Fertilizer 18,72.34 8,831.71

Application

Harvesting 25,503.39 11,762.07

'r:greshl ng/winnowi 14.272.41 12,012.05

Tota 92,873.91 0.432 76,915.27 0.492

Transportation 8,308.93 6,295.57

Total Variable 175,354.76 0.816 123,857.34 0.793

Cost

Fixed Cost

Depreciation on 9,474.28 17,427.41

Farm Implement

Interest on capital 30.000 15,000

Total Fixed Cost 39, 474.28 0.184 22,427.42 0.144

Total Cost 214,829.04 156,284.76

Total Revenue 830,244.75 350,287.55

Gross Margin 615,415.71 194,002.79

Net Profit 575,941.43 171,575.37

Gross Margin 0.74 0.55

Ratio

Operating Ratio 0.26 0.35

RORI 2.75 1.10

Source: Field Survey Data (2023)

This study shows that rice production with technology and without technology is
profitable but rice production with access to technology was more profitable than
those without access to technology the rate of return on investment of 2.75 for
small-scale rice producers with technology and 1.10 for those without access to
technology implies that every 1 naira invested 2.75 kobo and 1.10 kobo was
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obtained as profit respectively which covers interest cost of capital, fees and
commission. This is in line with Alabi et al. (2023) who reported that rice
production is a profitable enterprise that worth investing in and undertaking.

Distribution of Technically Efficiency Scoresamong Rice Farmerswith and
without Accessto Improved Production Technology

Table 3 presents the results of summary distribution of the technical efficiency
score of the sampled rice producers with and without access to technology in the
study area. The results show that technical efficiency varies among the sampled
rice farmers with and without access to technology. The study also revealed that
about 42.1% of the rice producers with technology attained technical efficiency
score between 0.81-1.0 while only 6.4% of the rice farmers without technology
were able to attain 0.81-1.0 level of technical efficiency score. The minimum
technical efficiency level attained by rice farmers with access to technology and
without those without access to technology were 0.001 and 0.011 respectively
while the maximum technical efficiency level obtained by each category was
0.999 and 0.9821 respectively with average technical efficiency of about 81.1%
for farmers with access to technology and 52.7% for farmers without access to
technology. This indicated that rice farmers with access to technology were
technically more efficient than those without access to technology. This study is
in line with the findings of Okello et al. (2019) who reported technical efficiency
of 78% and asserted that rice farmers level of technical efficiency is less than
100%. Severa other studies found similar result Ahmed and Melesse (2018),
Aboba (2020) and Biara et al. (2023).

Table 3. Distribution of technically efficiency scoresamongrice farmers
with and without technology

Technical Farmerswith Technology Far mer s without Technology
Efficiency

Score

Frequency Per centage Freguency Per centage

0-0- 0.20 16 11 58 38
0.21-0.4 300 20 134 8.9
0.41-0.6 395 26.3 1096 73
0.61-0.8 158 105 115 7.7
0.81-1.00 632 42.1 96 6.4
Minimum 0.001 0.011

Maximum 0.999 0.9821

Mean TE 0.8129 0.5270

Source: Field Survey Data (2023)

82




Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esjindex ID = 6279

Estimates of the Factors Influencing Total Output and the Technical
Efficiency of Rice

Production among Smallscale Rice Farmers with and without Access to
Improved

Production Technology

Table 4 shows the results of the maximum Likelihood estimates of the factors
influencing technical efficiency of the smallscale producers with and without
technology, the first stage of the stochastic frontier production function show that
the statistically significant factors influencing total output of rice production for
smallscale rice producers with technology were: land size, labour, seed, fertilizer,
and agrochemical while the factors influencing total output of rice producers
without technology were: land size, labour, and fertilizer. This is consistent with
Amaechinaand Eboh, (2017) who reported that land size, labour and fertilizer had
positive influence on rice production in Anambra State, Nigeria. Land size
influence total output of rice production positively for rice producer with and
without access to technology and was statistically significant at (P<0.01). The
coefficient of land size for rice producers with technology (0.2076) and 0.3177)
for rice producers without access to technology implied that a unit change in the
land size will result in theincrease in thetotal output of rice producers with access
to technology and without technology by 20.8% and 31.8% respectively. This
result is consistent with Abdulai et al. (2018) and Amaechina & Eboh, (2017) who
reported that farm size has a positive influence on total output of rice production.
Labour influence total output of rice production positively for both smallscalerice
farmers with access to technology and those without access to technology and it
was dtatistically significant at P<0.01 probability level. The magnitude of the
coefficient of labour for smallscale rice farmers with technology (0.9695) and
(0.1764) for smallscalerice farmerswithout accessto technology, thisimpliesthat
percentage change in labour supply for rice production will result in the increase
in total output of rice production by 96.9% and 17.6% for smallscale rice farmers
with access to technology and without technology respectively. Rice seed
influence total output of rice positively for smallscale rice farmers with access to
technology and was statistically significant at (P<0.01) but wasn’t significant for
farmers without access to technology, the coefficient of rice seed for rice farmers
with access to technology was (0.3033) implying that percentage change in the
quantity of rice seed planted by smallscale rice farmerswill result in the increase
in the total output of rice production by 30.3% for rice farmers that has accessed
to technology. Access to improved seed variety could be the reason why seed
influence total output of rice production among the farmers that had access to
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technology. Fertilizer has a positive influence on the total output of rice
production among smallscale rice farmers that had access to technology while for
farmers without access to technology fertilizer influence total output of rice
negatively and it was datistically significant at (P<0.01) and (P<0.10)
respectively. The coefficient of fertilizer for farmers with access to technology
was (0.2102) while for farmers without access to technology was (-0.1002), this
signifies that percentage change in the quantity of fertilizer applied to rice farm
by rice farmers will technology will result in the increase in the total output of
rice production by 21.1% and those without access to technology will experience
a decrease in total out of rice by10.1%. This finding conforms to the results of
Amaechina & Eboh (2017) and Mabe et a. (2018)who posited that fertilizer had
positive effect on total output of rice production but contrary to the result of
Abdulai et a. (2018) who reported negative influence of fertilizer on rice
production output and in confirmation to the results of the farmerswithout access
to technology. Agrochemical was statistically significant and influence the total
output of rice production positively for farmers with access to technology only,
the magnitude of the coefficient of agrochemical (0.3053) implying that
percentage change in the use of agrochemical by smallscale rice farmers with
access to technology will result in the increase in the total output of rice
production by 30.5%.The technical inefficiency component of the stochastic
frontier which is the second stage of the production function show that the
statitically significant factorsinfluencing technical inefficiency of the smallscale
rice farmers with access to technology and without technology were: Age of the
farmers as seen in Table 4 influence technical inefficiency of the smallscale rice
farmers with access to technology negatively and positively for rice farmers
without technology and it was statistically significant at (P<0.01) and (P<0.10)
respectively. The estimated coefficient of the age of the smallscale farmers with
access to technology (-57.1175) and those without access to technology (0.0718)
implying that a unit change in the age of the farmers with access to technology
will result in the decrease in technical inefficiency of the smallholder rice farmers
by 57.1% while for those without access to technology will result in the increase
in technical inefficiency by 0.7%. The result connotes that younger farmers are
technically efficient than old farmers because younger farmers are risk takers and
adopt new innovation. This conforms to the finding of Ishiaku et al.
(2017).Education of the sampled smallscale rice farmers had negative influence
on technical inefficiency of the smallscale rice farmers that had access to
technology while smallscale farmers without access to technology education had
positive influence on technical inefficiency and was statistically significant at
(P<0.01) for both smallscale farmers with access to technology and without. The
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coefficient of education level of therice farmers with access to technology was (-
0.2024) and for those without access to technology was (0.0213) this result
revealed that aunit changein the level of education of smallscale ricefarmerswill
result in the decrease in technical inefficiency for farmers with access to
technology by 20.2% and increase in technical inefficiency (decrease in technical
efficiency) for rice famers without accessto technology by 2.1%. Theimplication
of the positive sign for farmers without technology is that they are not well
educated as a result they don’t consider technology as a means that will improve
their productivity, they prefer to stick to their traditional method of rice production
thereby resulting in technical inefficiency. Thisisin line Dominic et al. (2019)
who reported negative association of education with technical inefficiency. This
means that an increase in the year of education of farmers increases the level of
technical efficiency in production. The results also conforms with the finding of
Danso-Abbeam et al. (2015) who also found that access to education affects
technical inefficiency negatively. Land size influence technical inefficiency
negatively for smallscale rice farmers with and without access to technology
negatively (P<0.01) and (P<0.10) respectively. The coefficient of land size for
both categories of smallscale rice farmers implies that a unit change in land size
will result in the increase in technical efficiency of rice production among
smallscale rice farmers by 63.3% and 62.5% respectively. Experience influence
technical inefficiency of rice production for smallscale rice farmers with access
to technology negatively and was statistically significant at (P<0.01) while for
farmers without access technology was positive. The coefficient of farming
experience for both smallscale rice farmers was (-1824) and (0.0394) respectively
meaning that a unit increase in the years of farming experience will result in the
decrease in technical inefficiency for smallscale farmers with access to
technology by 18.2% while those without technology will lead to decrease in
technical efficiency by 3.9%. Thisisin conformity with the Nwahia et a. (2020)
who reported that farmers with more experience tends to be technically efficient
than those that has less farming experience. Household size influence technical
efficiency of smallscale rice farmers with access to technology positively and
negatively for farmers without technology and it was statistically significant at
(P<0.05) and (P<0.01) respectively. The coefficient of household size for farmers
with access to technology (0.0269) and those without technology was -0.0628.
This show that a unit change in the number of household size per person for
farmers with access to technology will result in the decrease in technical
efficiency (increase in inefficiency) of rice production by 2.7. The number of
persons in a household could have negative relationship with technical efficiency
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in the sense that available resources may be diverted for solving family problems
rather than farm activities.
Table4. Maximum likelihood estimates of the stochastic frontier of rice
production function for producer s with and without technology

Variable Far merswith Technology Far mer s without Technology

Coefficients | Std Error Z- Coefficients Std Error Z-
Score Score

Land Size 0.207577* 0.0359482 | 5.77 0.3177182* 0.1221348 | 2.60

Labour 0.9694883* | 0.3839501 | 2.53 0.1764158* 0.1127985 | 6.78

Rice Seed 0.3033543* | 0.0186010 | 16.31 0.153018 0.2862165 | 0.53

Fertilizer 0.2109786* | 0.0309272 | 6.28 -0.170330*** | 0.1001697 | -1.70

Agrochemical | 0.3052799* | 0.0422674 | 7.22 -0.3556807 0.2018589 | 0.76

Constant 4.099452 5.895435 0.70 0.3712768 0.6059639 | 0.61

I nefficiency

M odel

Education -0.202436* 0.0072075 | -28.09 0.0212888*** | 0.0432501 | 2.93

Age -57.11753* 19.18636 -2.98 0.0717677*** | 0.0072658 | 1.66

Land Size -0.6330422* | 0.2192555 | -2.89 -0.624897*** | 0.3553213 | -1.76

Experience -0.1823747* | 0.0381327 | -4.78 0.0393537*** | 0.0206194 | 1.91

Household 0.0268977** | 0.012722 211 -0.0628044* 0.0193691 | -3.24

Size

Extension - 0.0159691 | -1.92 -0.0663106 0.0495128 | -1.34

Contact 0.030728***

Cooperatives | - 0.0139493 | -2.19 -0.257457*** | 0.129831 -1.98
0.3051075%*

Sex 0.0037830 0.0143900 | 0,26 -0.028159 0.0178288 | -1.58

Diagnostic

Statistics

Log -95.8000 834.7854

likelihood

Sigma 71.5117 0.05654

sguare

Gama 0.544071 0.22177

Source: Field Survey Data (2023)

*Significant at the 1%, ** Significant at the 5%, *** Significant at the 10%
Probability Levels

Thisisin line with Okello et a. (2019) who reported that larger household size
could result in the decline in technical efficiency in rice production while for
farmers without access to technology will result in the increase in technical
efficiency by 6.3%.Extension contact influencetechnical efficiency for smallscale
rice farmers with access to technology negatively and it was datistically
significant at (P<0.01) probability level, it was not significant for farmers without
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access to technology. The coefficient of extension contact for smallholder rice
farmers with access to technology was (-0.0307) which signifies that a unit
increase in access to extension contact for services will result in the increase in
technical efficiency of rice production by 3.1% for farmers with access to
technology. These results indicated that rice farmers with access to technology
who have access to extension service are more technically efficient than their
counterparts that do not have access to technology. This result is consonance with
the findings of Dominic et al. (2019), Danso-Abbeam et &.(2015); Abdulai et
al.(2018).Cooperative association influence technical efficiency for smallscale
rice farmers with access to technology negatively and was statistically significant
a (P<0.05) and (P<0.10)probability level. The coefficient of cooperative
association for smallscale rice farmers with access to technology was -0.3051
while for farmers without technology was -0.2575 implying that a unit change in
the possibility of being a member of cooperative association by smallscale rice
farmerswill result in the increase in technical efficiency of rice production among
smallscale rice farmers by 30.5% and 25.7% respectively. This is in line with
Alabi et a. (2023) who reported that cooperative membership makes farmers to
have access to farm inputs at alow cost because they may purchase the inputsin
bulk at alower price which could make them to be efficient and maximize profit.

Constraints Faced by Smallscale Rice Producers with Access to |mproved
Production

Technology

Table 5 presents the constraints faced by sampled smallscale rice farmers with
access technology. The results show that majority 95.8% of the sampled
smallscale rice farmers with access to technology encountered poor access to
credit facilities as the major constraints faced in rice production and it was
ranked first 1% based on the number of rice farmer’s opinion. Also most of the
farmers with access to technology encountered shortage of farm input as a
challenge and was ranked second 2" while 91.6% of the rice farmers were faced
with the challenge of inadeguate rainfall season and high cost of labour
respectively. The results also revedled that about 90.1% of the sampled
smallscale rice farmers with access to technology encountered instability in
planting calendar as a major constraint militating against rice production in the
study area and it was ranked 4™ in the order of severity among the smallscale
ricefarmers. Other constraints encountered by smallscale farmerswith accessto
technology were: 83.2% of the rice farmers encountered ineffectiveness of
agricultural chemicals used due to delay in rainfall and Attitude of farmers
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towards adoption of innovation respectively. Furthermore, about 81% of the
sampled smallscale rice farmers with access to technology were faced with the
challenges of small size of farm land while 76.8% of rice farmers encountered
poor soil fertility and poor accessto market centers due to bad roads in the study
area. Thisresult isin line with Parveen et al. (2016); Cooker et al. (2018) and
Alabi et a. (2023) who reported similar problems of rice production faced by

farmersin their respective study areas.

Table5. Constraint faced by rice producerswith and without accessto

technology in the study area

Constraints Faced by Farmerswith Frequency Per centage Rank
Technology

Poor credit facilities 1437 95.8 1=
Shortage of farm input 1405 93.7 2nd
Inadequate rain fall season 1374 91.6 3¢

High cost of labour 1374 91.6 3¢
Instability in planting calendar 1358 90.1 4th
Ineffectiveness of agricultural chemicals used due | 1247 83.2 5th
to delay inrainfall
Attitude of farmers towards adoption of 1247 83.2 5th
innovation

Small Farm Size 1167 81.0 6
Poor soil fertility 1153 76.8 7th
Poor access to market centers due to bad roads 1153 76.8 7th

Problem of land ownership 1026 68.4 gh

| nadequate extension contact 458 30.5 gth

Total 1500 100

Source: Field Survey (2023)

Constraints Faced by Smallscale Rice Producer swithout Accessto Il mproved
Production Technology

Table 6 presents the constraints faced by smallscale rice farmers without access
to technology in the study area, the results show that majority (97.4%) of the
sampled rice farmers identified poor soil fertility and attitude of farmers towards
adoption of innovation were both ranked 1% while 96.2% of the respondents
ranked poor access to credit facilities as 2"high cost of labour as the most
important constraints to rice production in the order of severity. This result isin
linewith Alabiet a. (2020) and Alabi et al. (2023).
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Table 6: Constraint faced by rice producer s without access to technology

Constraints Faced by Farmers Frequency Per centage Rank
Poor soil fertility 1462 97.4 18
Attitude of farmers towards adoption of 1462 97.4 18
innovation
Poor credit facilities 1442 96.2 2nd
High cost of labour 1385 92.3 3
Instability in planting calendar 1365 91.0 4th
Ineffectiveness of agricultural chemicals used 1327 88.5 5th
dueto delay inrainfall
Inadequate rain fall season 1250 83.3 6t
Shortage of farm input 1134 75.6 7
Problem of land ownership 1115 74.4 g
Small Farm Size 1115 74.4 gh
Poor access to market centers due to bad roads 769 51.0 gt
Inadequate extension contact 711 474 10t
Total 1500 100

Source: Field Survey Data (2023)

Table 7: F-Chow Test Outcome

RSSP RSS1 RSS2 F* F(K, T-K) at Decision
5%
significance
level
5818.887 | 9323.600 | 4858.988 | 26.44 | 2.495 Thereis Significant
Impact on
Productivity of Rice
Farmers with
Accessto Improved
Technology in the
Study Area

Sour ce: Field Survey Data (2023)

Chow Test Result to Deter mine the Difference between Rice Producer swith
and without Accessto Improved Production Technology in the Study Area.

Theresults of Chow-test are presented on Table 7. The residual sum of square for
pooled sample was 5818.887, while the residual sum of square for farmers with
access to technology was 923.600 and that of famers without technology was
4858.988 with calculate F* Value of 26.44 and the Table F-Value of 2.495. In the
Chow test, if thereisno significant statistical difference between two sub-samples
(i.e,if o =03),thenthe regression test statistic in Equation (11) follows an
F(K, T-2K) distribution. However, if the test statistic (F*) is greater than the
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respective F-statistic at 5% level of significance (as in this study), the null
hypothesis should be rejected. Consequently, the relevant conclusion is that the
sub-samples are significantly different. This was the statistical evidence which
justifies the decision to estimate separate models for the sub-samples. The
coefficients of the rice farmers with access to technology were more significant
than those without access to technology.

CONCLUSION

The general conclusion drawn from this study is that access to improved rice
production practicesincreasesyield, profit and technical efficiency of thefarmers.
Farmers with access to technology have Return on Naira Investment and mean
technical efficiency that is significantly higher than that of rice farmers without
access to technology The average technical efficiency obtained by smallscale
farmers with access to technology was 81.1% while those without access to
technology obtained 52.7% indicating that farmerswith accessto technology were
more technically efficient than the smallscale rice farmers without technology.
The factorsinfluencing total output of rice production for smallscale farmerswith
access to technology were: land size, labour, fertilizer and agrochemical whilethe
datigtically significant factors influencing total output of rice production for
smallscale farmers without access to technology were land size, labour and
agrochemical. It was also discovered from the study that statistically significant
factorsinfluencing technical inefficiency of the farmers with access to technology
were education, Age, land size, experience, household size and extension contact.
The statistically significant factors influencing technical inefficiency for farmers
without access to technology were: education, land size, experience, household
size and cooperatives. The magjor challengesfaced by smallscalerice farmerswith
access to technology were poor credit facilities, shortage of farm input, and
inadequaterainfall. The smallscal e rice farmers without accessto technol ogy were
faced with the following major constraints poor soil fertility, attitude of farmers
towards adoption of innovation, and poor credit facility.

POLICY RECOMMENDATIONS

The study recommends the following policy implications: Theere is need to
expose al small-scale rice farmers to improved production practices. Inputs such
as mechanization of land predation use of improve seed varieties, precision
planting, fertilizers and agro chemical inputs. These inputs should be provided to
farmers by government of Nigeria or Non-Governmental Organizations at
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affordable price or subsidized rate and timely. Extension services should be
provided to smallscal e rice farmers on the improved rice production, technologies
utilization advices should be provided to farmers with training and farm
demonstration on how to use technology appropriately, workshops, seminars
including media broadcasting through television, radio and internet/social media
and symposium should be properly organized for adequate training of smallscale
farmers to understand the technicalities of rice production using technology.
Farmers should be encouraged to join cooperative organizations for them to have
accessto credit facilitiesin order to boost their production capacity that will make
them have the ability to adopt rice production technologies which will in turn
increasetheir output, income and improvetheir livelihood and welfarein the study
area
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ABSTRACT

A case control study was conducted to ascertain the prevalence of clinical disease
and clinical disorders of sick pet dogs presented to the City Veterinary Hospital
Kathmandu Valley Nepal for a period of one year from July 2020 to June 2021.
A total 1409 clinically ill pet dogs were examined and recorded the disease and
disorders on the basis of age, season and breeds of dogs. Among diseases and
disorders the highest prevalence (26.54%), was significantly (p <0.01) seen by
viral disease followed by digestive disorders (10.14%), ear and eye disease
(8.72%), respiratory disorders (7.73%), fungal disease (7.16%), protozoan
disorders (6.52%), urinary disorders (5.53%), metabolic and nutritional disease
(5.39%), genital disease (5.03%), skin disorders (4.54%), helminthiasis (3.97%),
external parasite (3.12%), poisoning (3.12%), and lowest (2.41%) by edema. Itis
observed that the preval ence of diseases and disorderswas significantly (p <0.01)
higher above 36 months of age group and moderate in 7-36 months’ age and
lowest in 0 to 6-month age groups. According to season the highest prevalence
(29.59%) was seen in winter season (December-February) followed by 25.90%
in summer (March-May), 24.27% in autumn and lowest 20.22 % in rainy season
and it was statistically significant (p <0.01). According to breed the prevalence
was significantly higher 34.56% in local dogs followed by 14.05% in German
shepherd dogs, 10.14% in Labrador breed, 7.94% in pug, 7.59% in Golden
Retriever breed, 6.03 % in |hasa Apso breed, 5.89% in Doberman breed, 4.61%
in Spitz breed, 3.97% in Boxer breed, 3.26% in Beagle breed and lowest 1.92%
seen in Spaniel breed. The present study demonstrated the excellent efficacy of
Amoxicillin @ 20mg/kg body weight against secondary bacterial infection of
canine parvo virus infection reduced the clinical signs of CPVI within 6.0+ 0.32
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daysthan Ceftriaxone @ 25 mg/kg body weight and Enrofloxacin @ 8mg/kg body
weight that took recovery period of 7.4+ 0.25and 7.9+ 0.37 days respectively but it
was not statistically significant and present study demonstrated the excellent
efficacy of Doxycycline @ 10mg/kg body weight against Ehrlichiosis reduced the
clinical signs within 5.0+£0.32 days than Rifampicin @ 20 mg/kg body weight
orally that took recovery period of 8.0+ 0.25 days In conclusion it was observed
that the age, seasons and breed has effect on disease and disease conditions of
pet dogs and commercial drug was found effective to control infections and
healing of CPVI lesion.

Keywords: Canine Disease, Antibiotics, Age, Season, Breeds

INTRODUCTION

Dog, (Canis lupus familiaris),domestic mammal of the family Canidae (order
Carnivora). It isasubspecies of the gray wolf (Canislupus) and isrelated to foxes
and jackals. Thedog is one of the two most ubi quitous and most popular domestic
animals in the world. For more than 12,000 years it has lived with humans as a
hunting companion, protector, object of scorn or adoration, and friend. Dogs are
the most thriving canids, adapted to human habitation worldwide including
Bangladesh. They have contributed to refresnment by pet keeping, physical, social
and emotional well-being for their owners (Robertson et al., 2000; Dohaoo €t al.,
1998). Usually, pet keeping is associated with certain responsibilities like housing,
disease management (William et al., 2002). However, in spite of the beneficial
effects, close bond between dogs and humans remain a mgjor threat to public
health, with dogs harboring alarge number of infective stages of disease causative
agents transmissible to man and other domestic animal's (Robertson et al., 2000;
Molyneux, 2004). Since pets share the same environment with humans, they
constitute an important reservoir of zoonotic diseases (Kornblatt and Schantz,
1980). Household pets have been found to play a direct role in transmitting
zoonosis (Kornblatt and Schantz, 1980; Dada et al., 1979).

A lot of diseases and disease conditions are frequently occurred in dogs. Among
the viral diseases rabies, infectious canine hepatitis, canine distemper, canine
parvo vira infections are very common in Indo-Bangladesh sub-continent
(Biswaset al., 1996). Rabiesis the most important zoonotic disease in worldwide
including Bangladesh (Biswas et al., 1996) and approximately 90% of human
cases result from dog bites. Almost all human deaths caused by rabies originating
from Asia and Africa and there are an estimated 55,000 human deaths annually
from rabies, with about 31000 in Asia and 24,000 in Africa (Samad, 2008).
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Otherdly, on bacterial  conditions, dogs are usually affected with leptospirosis,
brucellosis, kennel cough, clostridium etc.

Ectoparasites and intestinal helminth speciesarewidely prevalent health problems
in dogs. Parasites documented in dogs throughout the world including Nepal with
a pronounced difference in prevalence and density among the regions.
Considering the high prevalence of ectoparasites and intestinal helminth
infections found in dogs, and the close bonds in which dogs live together with
people, therisk of transmission of these parasitesto humans seemsto be obviously
elevated. Higher prevalence rate of fleas, ticks, lice, mites have been reported by
Rodriguez-Vivas et al., 2003; where Demodex canis (23.0%) as a most frequent
mite, followed by Sarcoptesscabei var canis (7.0%) and Otodectes cynotis (3.5%).
Seasonal frequency of ectoparasites infestations has aso been reported by
Shoorijeh et al., 2008. The higher rate of echinococcosis has been available in
stray dogs in Bangladesh (Molan and Saida, 1989). In our country, dogs are
generally infected with various diseases. A lot of cases are frequently observed in
City Veterinary Hospital, kathamndu. Considering those important facts the
present study is anticipated to following objectives:

To investigate the prevalence of disease and disorders in dogs in Kathmandu
Valley, Nepal and to know the age, breed and season-wise prevalence of dog
diseases and eventualy to evaluate the efficacy of commercial drugs against
canine parvo virusinfection and canine Ehrlichiosis.

MATERIALSAND METHODS
Study area
This study was executed on dogs residing at different areas of Kathmandu valley,
Nepal. All dog breeds come to “City Veterinary Hospital Kathmandu valley,
Nepal were examined thoroughly.
Study Period
The study was conducted for a period of 1 year from July 2020 to June 2021.
Study population
The examined dogs mostly were exotic such as Spitz, German Shepherd, Golden
Retriever, Labrador, some were street dogs and few were cross with exotic. A
total 1409 clinically ill dogs of different age brought to the City Veterinary
Hospital, Kathmandu valley, Nepa was under investigation.

Questionnaire design and data collection
In order to collect data, a structured questionnaire was carefully prepared on the
basis of the objectives. It was a cross sectiona study and the questionnaire was
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designed to comprise mostly closed ended (categorical) questions to ease data
processing, minimize variation and improve precision of responses (Thrusfield,
2005). The questionnaire was filled up by repeated questioning to the owner,
personal observation of patient and taking records from register book. |mportant
data recorded including owner’s complaint, breed, age, sex, body condition,
weakness, onset and duration of illness of the dog. Other information sought
included history of birth, de-worming, vaccination, pregnancy status, parity,
housing pattern, diet, environmental condition. Clinical examinations were
performed according to questionnaire designed mentioning about temperature,
respiration, pulse, hair coat, skin, genera attitude of animal, posture, gait,
lameness, fracture, depthness of wound etc.
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(Source:  https.//www.researchgate.net/figure/Urbanizing-Nepal -showing-the-
Kathmandu-Valley-in-the-set-map_figl 332713605)
Figure 1. Map of working area (City Veterinary Hospital Kathmandu
Valley Nepal)

Caseidentification
The sequential procedure of clinical diagnosis of the patient:
i. Owner’s complaint
ii. Anamnesis: History was taken about weakness of patient, onset and
duration of illness from owner. Identify the pre-disposing factors of
diseases.
iii. Clinical examination of patient; It includes:
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a. Inspection

Distant I nspection: Firstly the general attitude of the patient (alertness/ dullness/
depression) was carefully inspected. Following this, the body condition of the
animal (Cachectic/ poor/ fair/ good/ fat/ over fat) was observed as described by
Radostitis et al., (2000). In addition, posture and gait (normal or defective) were
examined according to the condition of the dog.

Close | ngpection: Following distant inspection, the patient was closely examined
by visual examination, parting of hair/fleece, light palpation and close direct
ingpection to detect hair coat and skin abnormalities. Skin lesions, nature of
lesions (foul odorous discharge, crusts, scale and dandruff), location/ distribution
of those lesions were also studied. In addition, external parasites (eg. ticks, lice,
fleg, flies and larvae of flies) identified during examination were documented.

b. Clinical examination and deter mination

Wounds were identified by inspection and further examined for more precise
diagnosis to categorize the nature of the wound whether it might be septic/
lacerated/ incised/ punctured/ perforating/ abrasions/ avulsion/ hematoma. Needle
puncture was also performed if required. Temperature, pulse, respiration was
taken through other scientifically clinical method. In case of fracture, extension
and flexion were occurred in the dog.

c. Laboratory diagnosis

Samples considered significant for diagnostic purposes weretaken. Fecal samples
and skin scrapings were examined at City Veterinary Hospital Kathmandu Nepal .
Blood and urine sampleswere collected for routine and specific examinations and
were examined at Laboratory of City Veterinary Hospital. Owners were asked to
perform X-ray to diagnose fracture. Dead pets were subjected to post mortem
examination to find out the gross lesions and collect samples for pathological
observation.

Among the infected dogs 30 were treated with different commercial drugs. The
dogs were divided into 3 groups and treated as shown in Table 1. Among the
infected dogs 20 were treated with different commercial drugs. The dogs were
divided into 2 groups and treated as shown in Table 2.
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Table 1. Grouping of dogsfor antibacterial treatment against secondary
bacterial infection in canine parvo virusinfection

Name of the | No. of dogs | Name of | Dose & route of administration

group treated drugs

Group-A 10 Amoxicillin | @ 20 mg/kg body wt. i/v daily for
7 days

Group-B 10 Ceftriaxone | @ 25 mg/kg body wt. i/v daily for
7 days

Group-C 10 Enrofloxacin | @ 8 mg/kg body wt. i/v daily for 7
days

Table 2. Grouping of dogsfor evaluation efficacy of commercial drugs
against Ehrlichiosis

Name of the | No. of | Name of | Dose & route of administration
group dogs drugs
treated

Group-D 10 Doxycycline | @ 10mg/kg body wt. i/v daily for 3 days
followed by orally for 18 days

Group-E 10 Rifampicin @ 20 mg/kg body wt. oraly daily for 21
days

Data analysis

Results are reported as percentage and the differences between the case and
control groups for age, gender, season and breed were compared with X2 analysis.
All analyses were performed with standard software (SPSS, version 20.0, SPSS
Inc, Chicago, I1); values of p < 0.05 were considered significant.

RESULTSAND DISCUSSION

Different clinical and laboratory methods were used to study the prevaence of
clinical diseases and disorders of pet dogsin City Veterinary Hospital during July
2020 to June 2021. A total of 1409 pet dogs were examined for diseases and
conditions.

Prevalence of clinical diseases and disorder of pet dogs:

Among all diseases and disorders the highest prevalence was seen by viral disease
(26.54%), followed by digestive disorders (10.14%), Ear and eye disease (8.72%),
respiratory disorders (7.73%), fungal disease (7.16%), protozoan disorders
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(6.52%), Urinary disorders (5.53), Metabolic and nutritional disease (5.39%),
genital disease (5.03%), skin disorders (4.54%), helminthiasis (3.97%), external
parasite (3.12%), poisoning (3.12%), and lowest by edema (2.41%) shown in
Table 3.

Table 3. Prevalence of clinical diseases and condition of pet dog
No of

Diseased Disorders 3ffected (Po;oe)valence ;;ﬁicancgf
0gs

Digestive disorders 143 10.14

Respiratory disorders 109 7.73

Genital 71 5.03

Vird 374 26.54

Helminthiasis 56 3.97

Protozoan diseases 92 6.52

External parasite 44 312

- <0.001***

Ear and eye diseases 123 8.72

Urinary disorders 78 5.53

Edema 34 241

Metabolic and nutritional 76 5.39

Poisoning 14 3.12

Fungal (Dermatomycosis) 101 7.16

Skin disorders 64 454

***means statistically highly significant

Age-wise prevalence of clinical diseases and condition of pet dogs

It is observed that the prevalence of diseases and disorders was highest above 36
months of age group and moderate in 7-36 months’ age and lowest in 0- 6months
age groups shown in Figure 2.

50.00%
M Prevalence (%)
0.00%

XA T

Figure 2. Age-wise prevalence of clinical diseases and condition of pet dogs
(P-value = 0.001***) ***means statistically highly significant
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Season-wise prevalence of clinical diseases and disorders of pet dogs:
According to season the highest prevalence (29.59%) was seen in winter season
(December-February) followed by 25.90% in summer (March-May), 24.27% in
autumn and lowest 20.22 % in rainy season shown in Table 4.

Table 4. Season-wise prevalence of clinical diseases and disorders of pet

dogs
No. of
Season affected | Prevalence (%) P Value
dogs
Summer (Mar-May) 365 25.90
Rainy (June-Aug) 285 20.22 <0.001***
Autumn (Sep-Nov) 342 24.27 ’
Winter (Dec-Feb) 417 29.59

**means statistically significant at 1% level of significance

Breed-wise prevalence of clinical diseasesand disorders of pet dogs

According to breed the highest prevalence 34.56% of clinical disease and
disorders were seen in local dogs followed by 14.05% in German shepherd dogs,
10.14% in Labrador breed, 7.94% in pug, 7.59% in Golden Retriever breed, 6.03 %
in Ihasa Apso breed, 5.89% in Doberman breed, 4.61% in Spitz breed, 3.97% in
Boxer breed, 3.26% in Beagle breed and lowest 1.92% seen in Spaniel breed and
shown in Table5.

Table 5. Breed-wise prevalence of clinical diseases and disorders of pet dogs

Total no. | Name of the breed No. of | Prevalence (%) P Value
of dogs affected
dogs

German Shepherd 198 14.05

Local 487 34.56

Doberman 83 5.89

Golden Retriver 107 7.59

Lhasa-Apso 85 6.03

Labrador 143 10.14 <0.000***
1409 Pug 112 7.94

Boxer 56 3.97

Spaniel 27 1.92

Beagle 46 3.26

Spitz 65 4.61

***means statistically highly significant
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Efficacy of antibacterial drugs against secondary bacterial infection in
canine parvo virusinfection

Among the canine parvo virus infected dog, 30 animals were selected for
antibacterial treatment against secondary bacterial infection. The antibacterial
efficacy of Amoxicillin (Clavam®, Alkem Ltd.), Ceftriaxone (Monocef®, Aristo
Ltd.) and Enrofloxacin (K FLOX®, KAP Animal Health Ltd.) were determined
on the basis of recovery of the disease showed in table 6. The present study
demonstrated the excellent efficacy of Amoxicillin @ 20 mg/kg body weight
against secondary bacterial infection of canine parvo virus infection that
significantly (P<0.05) reduced the lesions of CPVI within 6.0+0.32 days than
Ceftriaxone @ 25 mg/kg body weight and Enrofloxacin @ 8 mg/kg body weight
that took recovery period of 7.4+0.25and 7.9+0.37 days respectively. Amoxicillin
injection was found more effective to control the secondary bacteria infections
and healing of CPVI lesion than the other Ceftriaxone and Enrofloxacin.

Efficacy of commercial drugsagainst Ehrlichiosisin dog:

Among the Ehrlichiosisinfected dog, 20 animals were selected for treatment. The
efficacy of drug Doxycycline (Docline®, Ear india overseas) and Rifampicin (R-
Cin®, Lupin Ltd.) were determined on the basis of recovery of the disease showed
in Table 7. The present study demonstrated the excellent efficacy of Doxycycline
@ 10 mg/kg body weight against Ehrlichiosis reduced the clinical signs within
5.0+0.32 daysthan Rifampicin @ 20 mg/kg body weight orally that took recovery
period of 8.0+0.25 days.

Table 6. Efficacy of antibacterial drugs against secondary bacterial
infection in canine parvo virusinfection

Name of | No. of | Name of | Dose & route  of | Average
thegroup | animal antibiotic administration duration of
treated complete
recovery
(days)
(Mean+SE)
Group-A 10 Amoxicillin | @ 20mg/kg body wt. i/v | 6.0+0.32
daily for 7 days
Group-B 10 Ceftriaxone | @ 25 mg/kg body wt. ifv | 7.4£0.25
daily for 7 days
Group-C 10 Enrofloxacin | @ 8mg/kg body wt. i/v daily | 7.9+0.37
for 7 days
Level of significance 0.070 (NS)

NS = means not significant
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Table 7. Efficacy of commercial drugs against Ehrlichiosisin dog

Name of the | No. of | Name of | Dose & route of | Average duration
group animal antibiotic administration of complete
treated recovery (days)
(Mean+SE)

Group-D 10 Doxycycline @ 10mg/kg body wt. i/v daily | 5.0+0.32

for 3 days followed by orally

for 18 days
Group-E 10 Rifampicin @ 20 mg/kg body wt. oraly | 8.4+0.25

daily for 21 days
Leve of significance 0.170 (NS)

NS = means not significant
DISCUSSION

The different clinical and laboratory methods were used to study the prevalence
of clinical diseases and disorders of pet dogs in City Veterinary Hospital
Kathmandu Nepal for a period of 1 year. A total of 1409 sick pet dogs were
examined during the study.

Prevalence of clinical diseases and condition of pet dogs

In this study the prevalence of Viral Disease was (26.54%) and internal parasites
was (3.97%) which were higher than the findings of Hossain et al., (2017) and
Tarafder and Samad (2010). The prevaence of digestive disorders was (10.14%)
which isclosely related with the findings of Rakha et al., (2015). In this study the
prevalence of skin diseases was 7.16% which were lower than the study of Runa
et al., (2016) who found 18.69% skin infection. The prevalence of protozoan
disease 6.52% was L ower with the findings of Smith et al., (2011) and higher than
the study of Samad et al., (2010). Fungal disease and viral diseases of our study
was Higher than the findings of Hossain et al. (2017).

Age-wise prevalence of clinical diseasesand condition of pet dogs

In my study the prevalence of clinical diseases and disorders was highest above
36 months of age group and moderate in 7-36 months’ age and lowest in 0-
6months age groups which is similar with the findings of Tarafder and Samad
(2010).

Season-wise prevalence of clinical diseases and condition of pet dogs

In this study the prevalence (29.59%) was highest in winter season (December-
February) followed by 25.90% in summer (March-May), 24.27% in autumn and
lowest 20.22 % in rainy season which were lower than the findings of Ghada
Tagorti (2019) and similar with the findings of Hossain et al. (2017).
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Breed-wise prevalence of clinical diseases and condition of pet dogs

In my study the highest prevalence 34.56% of clinical disease and conditionswere
seen in local dogs followed by 14.05% in German shepherd dogs, 10.14% in
Labrador breed, 7.94% in pug, 7.59% in Golden Retriever breed, 6.03 % in lhasa
Apso breed, 5.89% in Doberman breed, 4.61% in Spitz breed, 3.97% in Boxer
breed,3.26% in Beagle breed and lowest 1.92% seen in Spanidl breed, al the
findings are nearly similar with the findings of Tarafder and Samad (2010).

Efficacy of antibacterial drugs against secondary bacterial infection in
canine parvo virusinfection

The antibacterial efficacy of Amoxicillin (Clavam®, Alkem Ltd.), Ceftriazone
( Monocef®, Aristo Ltd.) and Enrofloxacine (Bacnil®, JJ Laboratories pvt.Ltd.)
were determined on the basis of recovery of the disease. The present study
demonstrated the excellent efficacy of Amoxicillin @ 20mg/kg body weight
against secondary bacterial infection of canine parvo virus infection that
significantly (P<0.05) reduced the lesions of CPVI within 6.0+£0.32 days which
was similar with the findings of Kataria and Agnihotri et al., (2020).

Efficacy of commercial drugsagainst Ehrlichiosisin dog

The present study demonstrated the excellent efficacy of Doxycycline @ 10mg/kg
body weight against Ehrlichiosis reduced the clinical signs within 5.0+0.32 days
than Rifampicin @ 20 mg/kg body weight orally that took recovery period of
8.0+0.25 days was similar with the findings of Harrus et al., (1998).

CONCLUSION

On the basis of present findings, conclusion were found that among the clinical
disease and disordersin dogs the highest prevalence was seen by Viral (26.54%)
and the lowest prevalence was by Edema (2.41%),according to age wise
distribution of diseases old dogs were more prone to disease and disorders than
younger dogs ,seasonal prevalence of clinical disease were found more in winter
season ,according to breed wise prevalence pure breed were found less prone to
disease than local disease ,according tochoice of antibiotic for reduction of
secondary bacterial infection was Amoxicillin as it significantly reduces the
secondary bacterial infection in canine parvo virus infection than other
antibacterial drugs.
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ABSTRACT

In this study, titled "Comparative Analysis of Packaging Materials and Modified
Atmospheric Packaging on the Postharvest Life of Broad Leaf Mustard (Brassica
juncea var. rugosa),” conducted in HICAST, Kathmandu, Nepal, from June 13 to
June 19, 2023, Investigation of the postharvest condition of 17 kg of freshly
harvested broad leaf mustard. The experiment employed four distinct packaging
materials—polythene, perforated polythene, muslin cloth, and MAP bags—in
addition to a control group, following a Completely Randomized Design with four
replications. Critical parameters such as shelf life, weight loss, moisture content,
chlorophyll content, total soluble solids (TSS), pH, color, and pathological
infection at 3-day intervals was monitored and evaluated. Remarkably, T2
(Polythene) and T3 (Perforated polythene) displayed a meager 3-day shelf life
due to rapid decay and saturation, warranting early disposal. T5 (MAP Bag)
emerged as the standout performer with a substantial average shelf life of 6 days.
Moisture loss was most pronounced in the control group (T1), dropping from
96.76% to 91.2%, whereas T4 (Muslin Cloth) reached 94.82%, and T5 recorded
95.5%. MAP bags (T5) also excelled in preserving chlorophyll content and color
stability. In conclusion, findings underscore the superiority of MAP bags,
particularly T5, in preserving the postharvest quality and prolonging the shelf life
of Brassica juncea var. rugosa, offering a promising solution for enhancing
postharvest management in horticulture.

Key Words: Broad Leaf Mustard, MAP Bags, Packaging Materials, Post-harvest,
Shelf life
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INTRODUCTION

Broad Leaf Mustard (BLM), 2n=36, scientifically known as Brassica juncea var.
rugosa, is a popular leafy vegetable in Nepal, cultivated widely for its
affordability and nutritional value (Khatiwada, 2008). Commonly referred to as
'Rayo,' it belongs to the Brassicaceae family and is grown in diverse climates,
displaying resilience to frost. BLM, with its short shelf life, requires careful
handling to maintain quality (Bhattarai, 2018). Leafy vegetables, including BLM,
are crucial for globa nutrition, offering a cost-effective source of essential
nutrients (Kennedy, 2011; Mohammed & Hussaini, 2023). However, addressing
postharvest losses is essential for food security, especially in Nepal, where
subsistence farming and high postharvest losses contribute to food insecurity
(FAO, 2022; Thapa et al., 2019). Innovative solutions like modified atmospheric
packaging can extend shelf life and minimize wastage, contributing to sustainable
food production (Lucia & Assennato, 1994).

Postharvest 1osses, a substantial component of food loss and waste, largely stem
from biological deterioration after harvest. Fresh fruits and vegetables deteriorate
due to factors like respiration, ethylene production, compositional changes, water
loss, physiological disorders, and pathological breakdown (Kader, 2004).
Mitigating these lossesis essential for sustainable food production.

Post-harvest losses indicate quantifiable reductions in both quantity and quality
following harvest (Mohammed & Hussaini, 2023). Countries like Nepal grapple
with inadequate knowledge of proper practices and technologies, contributing to
significant losses in vegetable quality and quantity (Parazuli, 2015). Biological
and environmental factors, including transpiration water loss, significantly
contribute to postharvest deterioration. Leafy vegetables are deemed unsalable if
they lose over 3% of their water content (Ambuko et al., 2017). Broad leaf
mustard's cultivation spans 10,851 hectares, yielding 146,756 metric tonnes in
Nepal (MoALD, 2022).

Modified Atmosphere Packaging (MAP) involves modifying the atmosphere
within a package to enhance shelf life and preserve food quality, achieved
either actively or passively (Robertson, 2019). While beneficial, MAP does not
replace proper temperature management. Applying passve MAP at non-
optimal storage temperatures necessitates finding films with appropriate
Oxygen Transmission Rates that align with product respiration rates (Lange,
2000).
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MATERIALSAND METHODS
A study conducted at the Himalayan College of Agricultura Sciences and
Technology in Nepal examined the postharvest life of Broad Leaf Mustard. The
experiment involved using different packaging materials and modified
atmospheric packaging. The research utilized ZY No.2 Leaf Mustard and
employed a completely randomized design with five treatments.

Treatments:

WX |17 G150
WD | NI

Broad Leaf Mustard were kept asit is
without any treatments.

High density polyethylene (HDPE)
T2 Polythene Bag bags of thickness 40 were used. No
perforations were done.

HDPE bags of thickness 40y were
T3 Perforated Polythene Bag | used by making perforations. Overall,
there were 12 perforations.

Musdlin cloths were wrapped around
the Broad Leaf Mustard.

Modified amosphere packaging
T5 MAP Bags (MAP) bags which is biodegradable
was used as packaging material.

T1 Control

T4 Muslin Cloth

Parameters Observed:
Physical Parameters:
Color: Evaluated using a standardized color chart. The color of the leaves was
matched to the closest swatch on the Royal Horticulture Society's color chart to
determine color intensity or shade (Roya Horticulture Society, 2019).
Moisture Content/Dry Matter Content: Measured using a precision balance.
Moisture Content(%)
Initial Weight Of Fresh Sample - Weight of Oven Dried Sample
a Initial Weight Of Fresh Sample
Biochemical Parameters:
Chlorophyll Content: The chlorophyll content was assessed using the Wellburn
technique. Broadleaf mustard’s samples weighing 0.2 g was extracted with 7 mL

X 100%
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of 80% acetone and the optical density of the solution was measured at 645 nm
and 663 nm (Wellburn, 1994). The chlorophyll content was determined by using
equation given below:
» Chlorophyll a (mg/g) = (12.70 x A663 - 2.690 x A645) x V /
(1000 x W)
» Chlorophyll b (mg/g) = (22.90 x A645 - 4.680 x A663) x V /
(1000 x W)
» Tota chlorophyll content = chlorophyll a+ chlorophyll b
Where, V= Volume of acetone used and W = weight of the fresh cucumber peels
Total Soluble Solid (TSS): Monitored using a digital refractometer.
pH: Measured using adigital pH meter.
Shelf-life Parameters:
Shelf Life: Assessed by monitoring pathological infestations and marketability.
Weight L oss: Measured using a digital weighing machine (Teixeiraet al.,
2012).
Weight Loss(%) = Initial Weight - Final Weight % 100%
Initial Weight
Spoilage Ratio: Calculated based on the count of spoiled or damaged leaves.
Initial Total Fresh Leaf - Fresh leaf

il Ratio (%) = 1009
Spoilage Ratio(%) Initial total Fresh Leaf x 100%

Pathological Infection: Evaluated by monitoring microbial growth through
swabbing and incubation.

Experimental Design:

Replication: The experiment had four replications for each treatment.
Statistical Analysis. Data analysis was conducted using Excel and GENSTAT
software, considering various observed parameters.

RESULTSAND DISCUSSION

The research study titled "Comparative Analysis of Packaging Materials and
Modified Atmospheric Packaging on the Postharvest Life of Broad Leaf Mustard
(Brassica juncea var. rugosa)" was carried out, on the 4" day of the experiment,
treatments 2 and 3 were excluded from further analysis due to their nearly
complete decay and saturation in their own liquid. However, the experiment
continued with treatments 1, 4, and 5. Detailed findings from the experiment are
presented below:
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Physical Parameter

Effect of Packaging Materialson Color

Selected fresh and visualy appealing leaves from each treatment group were
compared. On theinitial observation day, leaf color closely matched 140A on the
color chart. The MAP bag notably maintained consistent color throughout storage,
aligning with Yang et al. (2022) findings. Their study indicated that MAP not
only preserved color but also increased vitamin C levels, maintained stable
polyphenol content, reduced cell membrane damage, suppressed enzymes related
to phenolic metabolism, and mitigated lignin deposition during storage.

Table 1. Effect of Packaging materials on Color of Broad L eaf Mustard

Days of Storage

Treatment Initial Color Color
39Day | 6" Day
T1 (Contral) 140A 140B 141C
T2(Normal Polythene (40W)) 140A 144A N/A
T3 (Perforated Polythene (40W)) 140A 141C N/A
T4 (Mudlin Cloth) 140A 140A 141C
T5 (MAP bag (351)) 140A 140A 140A

Effect of Packaging Materials on Moisture Content

Freshly harvested produce, with 65-95% water, is regulated by protective layers
with small pores, primarily on leaves (Collalti et al., 2020). The study found an
initial moisture content of 96.76%. By the 3rd day, moisture varied significantly.
T1 (control) had the lowest at 93.87%, T2 (polythene) decayed to 96.46%, T5
(MAP Bag) maintained freshness at 96.33%, T3 (perforated polythene) showed
95.99%, and T4 (wet mudlin cloth) had 95.81%. Treatments 2 and 3 were
discontinued on day three due to decay.

On the 6th day, T1 wilted to 91.2%, while TS5 (MAP Bag) retained the highest

moisture at 95.5%, and T4 recorded 94.83%, preserving freshness. The significant
results align with Aguero et al., (2011) on lettuce quality loss, emphasizing water
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content changes in different storage conditions and variations between outer and
inner leaves.

Table 2. Effect of Packaging materials on Moisture Content of Broad L eaf

Mustard
Days of Storage
Treatment Initial Moi(it/(tj)reCmtent Moisture %
39 Day 6™ Day/
T1 (Contral) 96.76 93.87 | 91.2
T2(Normal Polythene (40p)) 96.76 96.46 | N/A
T3 (Perforated Polythene (401)) 96.76 95.99 | N/A
T4 (Mudlin Cloth) 96.76 95.81 | 94.82
T5 (MAP bag (351)) 96.76 96.33 | 955
Mean 95.69 | 93.84
CV % 0.5 11
LSD 0.71 1.76

Biochemical Parameter

Effect of Packaging Materials on Chlorophyll Content

Chlorophyll is crucial for Broad Leaf Mustard quality, influencing color and
freshness. Enzyme-induced degradation, detailed in Table 4 and Appendix 1,
follows multi-pathway chlorophyll breskdown (Xiao et al., 2014). Day one
average chlorophyll was 0.96 mg/g. By day three, T2 and T3 decayed to 0.15
mg/g and 0.17 mg/g, while the MAP Bag maintained stability at 0.84 mg/g. T1
had 0.46 mg/g, and T4 had 0.55 mg/g. T2 and T3 were discontinued on day four.
By day six, T1 and T4 averaged 0.22 mg/g and 0.35 mg/g, respectively, while the
MAP Bag retained 0.47 mg/g, double that of T1. Statistical analysis supports the
MAP Bag's superior chlorophyll preservation, aligning with Thapa et al. (2019).
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Table 3. Effect of packaging materials on chlorophyll content of broad |eaf

mustard
Days of Storage
Initial Chlorophyll
Treatment Chlorophyll Content
(mg/g) (mg/g f.w)
39Day | 6" Day
T1(Control) 0.963 0.46 0.22
T2(Normal Polythene (40u)) 0.963 0.15 N/A
T3 (Perforated Polythene 0.963 017 N/A
(40u))
T4 (Muslin Cloth) 0.963 0.55 0.35
T5 (MAP bag (35u)) 0.963 0.84 0.47
Mean 0.43 0.34
CV % 321 47.1
LSD 0.21 0.28

Note: f.w = fresh weight

Effect of Packaging materialson TSS

Our research reveds that Broad Leaf Mustard's Total Soluble Solids (TSS)
content increases during storage, following an initial steep incline that gradually
levels off (Rajak et al., 2014). At the experiment's start, TSS was 2 °Brix. By the
3rd day, T1 had the most significant change, reaching 3.75 °Brix, while T2, T3,
T4, and T5 remained stable, indicating a subtle taste ateration. On the 6th day,
the control group (T1) showed the highest increase to 5.75 °Brix, T4 reached 5
°Brix, and T5 had the smallest change at 4.25 °Brix, suggesting a relatively
sweeter taste in the other treatments compared to the MAP bag. T5 exhibited a
more consistent and natural taste. Notably, athough T2 and T3 maintained
constant TSS levels, they decayed and became unusable.

Effect of packaging materials on pH

Vegetables pH levels decrease as nutrient constituents diminish (Fimbres-Acedo
et al., 2023). On day one, the pH was 5.24, gradually increasing. By day 3, T3
had the highest pH at 8.57, followed by T2 at 8.1 due to decay. T5 showed the
least variation with a stable pH of 5.66. T4 increased to 5.98, while T1 reached
5.89.
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Table 4. Effect of Packaging materialson TSS of Broad L eaf Mustard

Days of Storage
Treat N Initial TSS :
rea' men (o B”X) (O B”X)
39Dpay | 6" Day
T1 (Contral) 2 3.75 5.75
T2(Normal Polythene (40u)) 2 2 N/A
T3 (Perforated Polythene (401)) 2 2 N/A
T4 (Musdlin Cloth) 2 3 5
T5 (MAP bag (35)) 2 3 4.25
Mean 2.75 5
CV % 8.1 18
LSD 0.35 1.55

Treatments 2 and 3 were discontinued on day 4 due to decay. By then, T5's pH
was 6.01, T1 and T4 reached 6.51 and 6.61, respectively. pH tends to increase
with extended storage of green leafy vegetables, less pronounced in T5 (MAP
bag). T4 and T1 also had relatively minor pH alterations.

Table 5. Effect of packaging materials on ph of broad leaf mustard

Days of Storage
Treatment Initial pH pH
3" Day 6" Day

T1 (Control) 5.24 5.89 6.51
T2(Normal Polythene (40u)) 5.24 8.1 N/A
T3 (Perforated Polythene (40p)) 5.24 8.57 N/A
T4 (Mudlin Cloth) 5.24 5.98 6.61

T5 (MAP bag (351)) 5.24 5.66 6.01
Mean 6.84 6.38

CV % 39 2.7

LSD 0.41 0.30
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Shelf-Life parameters

Effect of Packaging Materials on Shelf Life

Research shows that TS5 (MAP Bags) exhibited the longest average shelf life,
approximately 6 days, followed closely by T4 (Wet Mudlin Cloth) and T1
(Control) with 4.5 and 4 days, respectively. In contrast, T2 (Polythene) and T3
(Perforated Polythene) had the shortest average shelf life at 3 days. These findings
align with Thapa et al. (2019), who observed extended shelf life for broadleaf
mustard stored in Modified Atmosphere Packaging (MAP) bags.

Broad Leaf Mustard's shelf lifeisinfluenced by factors pre- and post-harvest, such
as rootstock selection, cultivar choice, cultural practices, harvesting conditions,
and maturity stage (Kader et al., 1973). Post-harvest considerations include
operationa efficiency, pre-cooling methods, treatments like fungicides, and
overall storage process efficiency.

Table 6. Effect of Packaging Materialson Shelf Life of Broad L eaf Mustard

Treatment Average Shelf Life

(Days)
T1 (Contral) 4
T2(Normal Polythene (40u)) 3
T3 (Perforated Polythene (401)) 3
T4 (Muslin Cloth) 45

T5 (MAP bag (35u)) 6.25
Mean 4.05

CV % 17.3

LSD 1.08

Effect of Packaging Materials on Weight loss

Broad Leaf Mustard faces weight loss after harvest due to factors like
transpiration and respiration, causing shrinkage. Leafy greens, with over 90%
water content, are particularly vulnerable to such issues. The choice of packaging
iscrucial to combat these challenges (Mohammed & Hussaini, 2023).

Ina7-day study, significant differencesin weight losswere noted. By the 3rd day,
losses ranged from 1.51% to 35.34%. The control group (T1) suffered the most,
while T2 (Polythene) had the least due to its sealed packaging. T2 and T3
deteriorated quickly. By the 6th day, T4 (Wet Mudlin Cloth) had the highest
weight loss at 33.08%, and the MAP Bag (T5) had the lowest at 8.70%.
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The MAP Bag (T5) maintained freshness, unlike T2, which, despite showing no
weight loss, had decayed leaves stuck to the polythene by day 4. T5 persevered,
keeping low weight loss and freshness. Statistical analysis validated results on the
3rd and 6th day, aligning with Thapa et al. (2019), emphasizing the packaging's
crucia role in mitigating weight lossin Broad Leaf Mustard.

Table 7. Effect of Packaging materials on Weight L oss of Broad L eaf

Mustard

Days of Storage

Treatment InitiaI(V)Veight Weight loss (%)
J 39Day | 6" Day

T1 (Contral) 2435 35.34 39.46

T2(Normal Polythene) 2445 151 N/A

T3(Perforated Polythene) 2446 12.88 N/A
T4 (Muslin Cloth) 2487 27.67 33.08

T5 (MAP Bag) 2424 6.07 8.7
Mean 16.69 23.75

cv 129 19.9

LSD 331 8.19

Effect of Packaging materials on Spoilage

Packaging is vital for preserving leaf lettuce quality, but polymeric films, while
reducing deterioration, can introduce issues like moisture and decay. Spoilage in
Broad Leaf Mustard was observed in different treatments. By day 3, T3 had the
highest spoilage at 94.68%, while the MAP bag had the least at 33.74%. T1 had
65.31% spoilage, and T4 had 77.9%. Despite some wilted leaves in T1, most
remained marketable. T2 had the second-highest spoilage. Treatments 2 and 3
decayed and were discontinued by day 4.

By day 6, spoilage was highest in T4 at 89%, followed by T1 at 74.95%, with the
MAP bag having the least at 47.8%. MAP bags proved significantly better for
long-term storage, reducing spoilage in Broad Leaf Mustard compared to T2, T3,
and T4. These results align with Thapa et a. (2019), emphasizing the superiority
of MAP bagsin decreasing decay and extending shelf life by slowing respiration
and reducing moisture loss.
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Figure 1. Effect of Packaging materials on Spoilage of Broad L eaf Mustard

Effect of Packaging Materials on Pathological | nfection

Pathological diseases challenge Broad Leaf Mustard's postharvest handling,
impacting marketability and shelf life. Research on microbia growth found no
growth on the 1st and 3rd days. By the 6th day, microbial growth appeared in T1
and T4. T2 and T3 decayed rapidly, submerging in liquids by the 4th day. T4
showed some decay, possibly due to constant moisture. T5 had incipient decay at
basal leaf ends, maintaining overall freshness. The control group (T1) had no
decay but rapid wilting and yellowing from moisture loss.

In summary, T1 (Control) showed no decay but rapid wilting. T5 (MAP Bag) had
minimal decay, maintaining overall freshness. These findings align with Khan
(2020) and Thapa et al. (2019), emphasizing passive modified atmosphere
packaging's efficacy in mitigating postharvest infestations and extending storage
life, consistently upholding product quality.

CONCLUSION
In this research investigation, the impact of various packaging materias,
particularly Modified Atmospheric Packaging (MAP) bags, on postharvest
broadleaf mustard quality was assessed. The findings highlighted the remarkable
performance of MAP bags, exemplified by T5, which extended shelf life to an
impressive 6 dayswhile minimizing weight loss. Notably, T2 (Polythene), despite
indicating lessweight | oss, concealed complete decay dueto itsairtight condition.
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In contrast, T2 and T3 treatments experienced swift and comprehensive
deterioration, leading to early disposal. These results underscore the unparalleled
effectiveness of MAP bags in preserving postharvest broadleaf mustard,
consistently maintaining critical quality parameters such as color, chlorophyll
content, and pH. As such, MAP bags emerge as the superior choice for extending
the freshness and longevity of this vegetable during postharvest handling. To
address moisture loss, exploring optionslike T4 & T5 (MAP Bag) which retained
higher moisture levels compared to others, is recommended. In terms of superior
parameters, MAP bags outperformed all other packaging materialsin preserving
postharvest Broad leaf mustard quality.
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ABSTRACT

A comparative impact analysis about conventional packaging materials and
modified atmosphere packaging (MAP) on the postharvest life of cucumber was
conducted in the post-harvest lab of HICAST on mid June 2023. The experiment
was conducted under ambient condition of 28-32°C and 70-80% relative
humidity. Five different treatments consisting of one control and 4 different
packaging materials which included polythene bag, perforated polythene, mudlin
cloth and MAP bag were applied to access the effect on post-harvest life and
different quality parameters of cucumber. The experimental setup was based upon
completely randomized design with each treatment being replicated four times.
The physiological 1oss of weight (PLW) across treatments ranged from 0.35% to
9.37% (days 1-4) and 1.13% to 9.55% (days 4-8) with cucumbers in non-
perforated polythene bags recording lowest PLW at 0.35% and 1.13% in both
cases. The firmness of cucumber initially which was at 2.856 kg/cm? decreased to
arange of 1.410 to 2.410 kg/cm? by day8 with biodegradable MAP bagsretaining
the maximum firmness while the control group had lowest. MAP also ensured
stable TSS, delayed chlorophyll degradation, and maintained cucumber freshness
throughout storage. During the experiment MAP demonstrated superior
performance in preserving various quality parameters and also significantly
enhanced cucumber marketability over extended storage period. While polythene
can reduce weight loss, it raises problems with firmness, marketability of the
packaged material along with its pertinent environmental issues. The MAP stands
superior over conventional polythene packaging by preserving the overall quality
of cucumbers for longer period.

Key words: MAP, Post-harvest, Cucumber, Packaging Materials, shelf life
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INTRODUCTION

Cucumber (Cucumis sativus L.) is an economically important crop which is used
for pickling and eaten fresh. At immature stage cucumbers are widely consumed
as salad (Jat et al., 2021). Globally, cucumber is the third most cultivated
vegetable after tomatoes and onions with China being the largest producer of
cucumber. China accounts to 80% of total production of cucumber in the world
followed by turkey in second position. Thetotal area under cucumber production
in the year 2021 was 2,172,193 hawith total production being 93,528,796 mt and
the yield was 430,573 kg/ha (FAO, 2021). In Nepal it is cultivated from terai to
mid hills with altitude ranging from 100-1800masl. The area, production,
productivity of cucumber in Nepal is 9,978 hectare (ha), 152,862 ton (t), and 15.32
t/harespectively (MoALD, 2022).

Cucumber fruits are agood source of antioxidants, magnesium, and vitamin C and
arerichin dietary fiber (Shi et al., 2015). Fresh consumption of this crop provides
avariety of health benefitsincluding valuable antioxidant, anti-inflammatory, and
anti-cancer benefits (Mukherjee et al., 2013). Despite being high-value cash
crops, Nepalese farmers continue to experience low return from cucumber
cultivation and one of the major reasonsfor it isthe perishable nature of cucumber
and improper way of storing and packaging after harvest and insufficient
knowledge of proper post-harvest technology (Khanal et al., 2020). Cucumber
fruits have short storage duration, limited to lessthan 14 daysdueto loss of weight
and firmness, discoloration, and fungal infections (Kahramanoglu & Usanmaz,
2019). Cucumbers are classified as perishable fruits due to their high moisture
content and delicate nature. Aswith many other fruits and vegetables, cucumbers
have alimited shelf life and can spoil relatively quickly if not stored properly.

The post-harvest loss of cucumber fruit is around 27.1% (Kitinoja et al., 2018).
It has been estimated that postharvest losses range from 20% to 30% for fresh
fruits and vegetables, and in adverse conditions, these losses can exceed 50%.
These losses in vegetables occur due to various factors such as harvesting at an
inappropriate stage of maturity, direct packing, and shipping without removing
field heat, inadequate packaging and sorting, subpar transportation and handling
practices, and insufficient storage facilities (Bhattarai, 2021). However, the most
significant losses occur during transportation, starting from the field to the
collection center, and further on to the wholesale market and retail outlets
(Adhikari & G.C., Post-harvest practices of horticultural cropsin Nepal: Issues
and management, 2021).
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Modified atmosphere packaging (MAP) is a technology that has revolutionized
the way we store and transport perishable food products. MAP works by
modifying the composition of the air surrounding the food product, creating an
environment that slows down spoilage and extends the shelf life of the product.
MAP is an active or passive dynamic process of altering gaseous composition
within a package. It relies on the interaction between the respiration rate of the
produce, and the transfer of gases through the packaging material, with no further
control exerted over theinitial gascomposition (Farber et al., 2003). Passive MAP
can be generated inside a package by relying on the natura process of produce
respiration and film permeability to attain the desired gas composition over time
(Farber et al., 2003). While, active MAP isarapid process of gas replacement or
displacement, or the use of gas scavengers or absorbers to establish adesired gas
mixture within a package (Charles et al., 2006). This involves the addition of
active agents into packaged food product, such as O, CO;and ethylene
scavengers (Sandhya, 2009). This study aimsto explore the potential of MAP as
a packaging aternative for cucumbers, with broader applicability in commercial
and household packaging for various fruits and vegetables in the future.

MATERIALSAND METHODS

The study was carried out on mid June 2023 in the post-harvest laboratory of
HICAST College located at Kirtipur, Kathmandu. The research Centre lies at
27.6°N latitude receiving annual rainfall of about 1025 mm with. Brishmahybrid
F1 variety of cucumber was selected for research purpose because it seemed to be
one of the most popular varieties which isbeing cultivated by local farmersin and
around Kathmandu valley. The experiment was carried in ambient environmental
condition with temperature ranging from 28 to 32°C and 70-80% relative
humidity (RH). The experiment was designed in completely randomized design
(CRD) with 5 treatments and each treatment was replicated 3 times. The layout of
the experiment was done based on lottery method and treatment was randomized
to each experimenta plot in such a way that each experimental plot has equal
chance of getting atreatment. Overall, there was 20 experimental unitsand within
each treatment there was 3 cucumber fruits. Experimental units were properly
labeled for identification of the treatment applied.
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Table 8. Outline of treatments

Cucumbers were kept asit iswithout any

T1 Control irestments

High density polyethylene (HDPE) bags of
T2 Polythene Bag thickness 40u were used. No perforations
were done.

HDPE bags of thickness 40p were used by
T3 Perforated Polythene Bag making perforations. Overall, there were
12 perforations.

Muslin cloths were wrapped around the

T4 Muslin Cloth
cucumbers.

Modified atmosphere packaging (MAP)
T5 MAP Bags bags which is biodegradable was used as
packaging material.

Physiological lossin weight (PLW)
PLW was recorded by calculating the lossin weight of the fruit during storage
over initial values.

Initial Weight - Final Weight
PLW() = Initial Weight * 100%

Chlorophyll content

The chlorophyll content was determined using the Wellburn’s technique.
Cucumber’s outer peel samples weighing 0.2 g was extracted with 7 mL of 80%
acetone and the optical density of the solution was measured at 645 nm and 663
nm (Wellburn, 1994). The chlorophyll content was determined by using
equation given below:

» Chlorophyll a (mg/g) = (12.70 x A663 - 2.690 x A645) x V /
(1000 x W)

» Chlorophyll b (mg/g) = (22.90 x A645 - 4.680 x A663) x V /
(1000 x W)

» Tota chlorophyll content = chlorophyll a+ chlorophyll b

Where, V= Volume of acetone used and W = weight of the fresh cucumber peels

Total soluble solids (TSS)
TSS was measured using refractometer and expressed in °Brix.

Firmness
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The firmness of cucumber under different treatments was measured using fruit
penetrometer and expressed in kg/cm?.

Color of cucumbers

The color of cucumber was compared against acolor chart with standardized color
swatches and the color of the cucumber sample to the closest swatch on the chart
of Roya Horticulture Society was matched to determine the color intensity or
shade (Royal Horticulture Society, 2019). Every colour code specified a certain
colour name and category whereasthe alphabet A, B, C and D indicated the colour
intensity within the category (Royal Horticulture Society, 2015).

142A 1428 Strong Yellow Gre
1428 148 Briliant Yellow Gr
142C | 187,21615 140C  Light ellow Gree
1420 120022517 1420 LightYellow Gree

Source : Royal Horticulture Society, (2019) , Roya Horticulture Society , (2015)

Statistical analysis
The data were systematically arranged and tabulated using M S-Excel program
whereas statistical analysis was done using GENSTAT software.

RESULTSAND DISCUSSION

Physiological lossin weight (PLW)

The result showed that the different treatment had significant impact on the
physiological loss in weight (PLW) of cucumber over the course of storage.
During the first 4 days of storage all treatments namely T2, T3, T4, T5 had shown
significantly lesser PLW than that of control. The PLW was maximum in control
(T2) followed by musdlin cloth (T4). The PLW of cucumber in control from Day
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1 to Day 4 of the storage period was 9.366% whereas cucumber stored by
wrapping in muslin cloth (T4) lost 5.568% of itsinitial weight during first 4 days
of storage. The PLW was minimum in polythene bag without perforation (T2) in
which the stored fruit lost only 0.355% of itsinitial weight during first 4 days of
storage. Likewise, cucumbers stored in MAP bag (T5) and perforated plastic bag
(T3) lost significantly less weight than both control and muslin cloth. Cucumbers
in MAP bag lost 1.676% of itsinitial weight for 4 days storage period meanwhile
cucumbers in perforated plastic bag (T3) lost 1.727% of its initial weight in the
same period.
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-5 8 -
e 4
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= 6 -
% 5 5.568
O $ED 5 Perforated Polythene
@ 8 4 - Bag
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O 1.727
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= 1 354
e
(ol 0 -
DAY 1-4 DAY 4-8

Figure 4. Effect of different packaging materialson PLW of cucumber

Meanwhile, during the next 4 days the trend of weight loss was dightly different
which is evident on figure 1. The maximum PLW was recorded in cucumber
wrapped in mudin cloth (T4). Cucumbers wrapped in muslin cloth (T4) lost
9.546% of itsinitial day 4 weightsbetween Days4-8 whereas PLW for cucumbers
kept in control (T1) was about 9.029% which is dightly lower as compared to T4.
Use of perforated polythene bag (T3) lowered the PLW to 4.136% but the most
impressive result was observed with cucumbers stored in smple plastic bags (T2),
where PLW was notably minimal at just 1.128%. Normal polythene bag (T2)
showed considerable success in maintaining cucumber’s weight loss.
Additionally, the use of MAP bags made from biodegradable materia (T5) aso
presented convincing result, resulting in PLW of 2.828% from day 4-8. Overall,
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the outcome of this study demonstrated that thereis significant impact on the PLW
of cucumber due to different packaging materials used. The outcomeis consistent
with the findings of Poudel et al., (2022) who found that the PLW in cucumber is
minimum when kept in polythene bag with no perforations. Suchitraet al., (2023),
Dhall et al., (2011) , Owoyemi et al.,(2021) also came up with the same
conclusions that adjustment or improvement of packaging material slows down
the PLW of cucumber.

Impact on firmness of cucumber

Analyzing the firmness of cucumbers stored under diverse packaging materials at
ambient condition of 28-32°C and 70-80% RH, we observed a gradual declinein
firmness over the storage period from day 1 to day 8 asshown in Figure 2. Among
the different treatments, the control group (T1) exhibited a reduction in firmness
fromaninitia value of 2.856 kg/cm?to 1.410 kg/cm? by day 8. Cucumbers stored
in polythene bags (T2) demonstrated amoderate decline, measuring 2.183 kg/cn?
onday 4 and 1.958 kg/cm? on day 8. Similarly, cucumbersin perforated polythene
bags (T3) showed arelatively modest decrease in firmness, reaching 2.144 kg/cm?
on day 4 and 1.802 kg/cm? on day 8. The use of musdlin cloth (T4) yielded a
comparable firmness pattern, with values of 1.811 kg/cm? on day 4 and 1.520
kg/cm? on day 8. Notably, cucumbers stored in MAP bags (T5) displayed a
distinct trend, with firmness values of 2.757 kg/cm? on day 4 and 2.410 kg/cn??
on day 8. These results suggest that while all treatments led to a decline in
firmness over time, variations exist in the degree and rate of decline, with the
MAP bag treatment showing promising potential in maintaining cucumber
firmness during storage.

K 241 —g=Control
zz?\, w2183
c 5 2.144 1.958
1.8 1811 1380
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""13 1.41
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Figure5. Effect of different packaging materials on firmness of cucumber

Decline of firmnessisanatural outcome due to water loss and other physiological
changes in the cucumber tissues. MAP (T5) appears to have the highest firmness
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values on both day 4 and day 8 compared to the other treatments. The cucumbers
stored in MAP bags showed the least decline in firmness over the storage period
compared to other treatments. This suggests that the MAP is the most effective
packaging material in preserving cucumber firmness. MAP involves modifying
the atmosphere within the packaging to slow down spoilage and maintain product
quality. This controlled atmosphere helped in reducing the rate of moisture loss
and other physiological processthus contributing to better firmnessretention. The
result of this experiment is consistent with that of Dhall et al., (2011) , Suchitra et
al., (2023), Manjunatha & Anurag, (2014) and Kahramanoglu & Usanmaz,
(2019). The statistical analysis indicates that there is significant differencein the
firmness of cucumber as aresult of different packaging materials used.

Total soluble solids (TSS) analyis

The study revealed that the TSS were considerably stable in the samples kept
under MAP bags (T5) in comparison to samples under other trestments. The TSS
content at the beginning of the experiment was measured around 3 brix showed
increasing trend over the course of storage. Among the treatments, Treatment 5,
involving MAP bags made from biodegradable materials, demonstrated the most
favorable performance, with aminimal 0.050 Brix increase from the initial TSS
value to 3.050 Brix on day 8. Among the treatments, the most notable increase in
TSS values by Day 8 was observed in Treatment 4 (muslin cloth), where it
increased by 0.750 Brix to reach 3.750, followed closely by Treatment 1 (control
group), with an increase of 0.625 Brix to 3.625. In contrast, Treatment 2
(polythene bags) exhibited a moderate increase to 3.225 Brix. Likewise, the TSS
of cucumbersin Treatment 3 (T3) increased to 3.375 by Day 8. The variationsin
TSS values among cucumbers subjected to various storage treatments did not
show statistical significance until Day 4, but by Day 8, the differences became
statigtically significant at 0.05% level of significance as indicated by p-value on
Table 2.

The more stable TSS in cucumbers stored in (MAP) bags compared to other
treatments can be attributed to the controlled atmosphere within the bags which
slowed down the metabolic processes in cucumbers, including respiration and
ethylene production, which are known to increase agitation leading to suspension
of solids particles that were previously settled. The present result is consistent
with the findings of Miano et al., (2016) who concluded that TSS of cucumber
stored by using polyethylene bag shows minimal fluctuations in comparison to
other treatment. Likewise, Kahramanoglu & Usanmaz, (2019) also highlighted
the efficiency of MAP combined with propolis to maintain stable TSS of
cucumber .MAP maintained stable TSS which indicated that taste of cucumbers
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packed in MAP remained fairly constant and balanced which is neither overly

sweet nor too mild.

Table 9 Effect of different packaging materialson TSS of cucumbers

Treatment D4 D8

1 3.500 3.625
2 3.175 3.225
3 3.175 3.375
4 3.425 3.750
5 3.000 3.050
LSD (0.05) 0.2970 0.3442
SEM 0.0985 0.1142
p-value 0.016 0.004
C.V (%) 6.1 6.7
Grand Mean 3.255 3.405

Chlorophyll content of cucumbersunder different treatments

Chlorophyll degradation of cucumber’s peel is apparent during storage
irrespective of the type of packaging materials used which isindicated in Figure
3. Despite the use of different packaging materias, the cucumbers stored
underwent a noticeable decline in green coloration over the storage period.
Although cucumbers in every packaging materia experienced chlorophyll
degradation the intensity with which the chlorophyll degradation occurred in
different treatment varied significantly. The chlorophyll content which was
determined by spectrophotometric analysis was 0.1mg/g at the beginning of the

anaysis.
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Figure 6. Effect of different packaging materials on chlorophyll content of
cucumber

133



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

The degradation of chlorophyll was most prominent in cucumbers kept in control
reaching 0.02652 mg/g by day 8. Similarly, Mudlin cloth (T4) also displayed
diminishing levels, recording chlorophyll content at 0.03809mg/g by day 8. The
intensity of chlorophyll breakdown was dlightly slower in polythene bag where
the green pigment was retained better. Chlorophyll content of cucumbers stored
in non-perforated and perforated polythene bag was 0.05509 and 0.05711 mg/g
respectively on day 8. MAP exhibited slower degradation where chlorophyll
content was measured around 0.7271 mg/g on day 8. Intensity of chlorophyll
breakdown in MAP bags was slower which indicated that cucumber in MAP bag
retained green color better in comparison with other packaging materials.
Cucumber in control and muslin cloth lost chlorophyll faster than cucumbers kept
in polythene bag due to increased exposure to oxygen that promoted chlorophyll
degradation and polythene wrapping created a barrier that slowed down the
process of chlorophyll degradation. However, polythene wrapped cucumbers lost
chlorophyll faster than MAP (T5) made up of biodegradable materials because
regular plastic is not designed to regulate the atmosphere because of which gas
exchange is limited and moisture accumulation is also higher and favorable
environment for enzymatic reactions is created that contributed to breakdown of
chlorophyll. MAP limited airflow which impacted atmosphere inside the package
by regulating moisture and gases and reduced enzymatic activity responsible for
chlorophyll breakdown. The outcome of this experiment aligns with (Suchitra et
al., 2023) who observed that shrink-wrapped cucumbersretained their green color
for alonger duration compared to the control group, indicating the effectiveness
of passive modified atmosphere packaging in retaining greenness.

Color changes of cucumbersunder different treatments

The cucumber samples were monitored on aregular basisfor any change of color,
we observed distinct color changes in cucumbers under different treatments over
the course of the experiment. The control group (T1) experienced a gradual
degradation in color quality, transitioning from strong yellow-green (142A) on
Day 1 to light yellow-green (142C) by Day 4, which further faded out to even
lighter colour by Day 8. T4 employing mudin cloth showed similar trend by
displaying less effective color preservation, transitioning from strong yellow-
green (142A) on Day 1 to light yellow-green (142C) on Day 4 which faded further
more towards 142D by Day 8. T2 involving polythene bags and T3 involving
perforated polythene bag displayed similar trend of colour change and exhibited
slower color degradation, transitioning from strong yellow-green (142A) on Day
1 to brilliant yellow-green (142B) by Day 4, which turned into light yellow green
(142C) by Day 8.
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MAP (T5) proved to be the most efficient packaging material in color retention.
Cucumbers maintained strong yellow-green (142A) on Day 1 and Day 4,
transitioning to brilliant yellow-green (142B) by Day 8, showcasing minimal
color degradation. Passive MAP bags emerged as the suitable choice for
enhancing cucumber shelf life and color quality during postharvest storage.
Similar results regarding color changes in cucumbers under different packaging
materials were demonstrated by previous studies conducted by Dhal, et a.,
(2011) , Manjunatha & amp; Anurag, (2014) and Owoyemi, et al.,(2021).

CONCLUSION

In summary, MAP appeared to be the most efficient packaging alternative for
cucumber asit preserved the valuable quality and extended the period of time over
which cucumbers remained marketable. MAP slowed down chlorophyll
degradation by creating a controlled environment that inhibited enzymatic
processes responsible for chlorophyll breakdown, resulting in better retention of
green colour. Cucumbers stored in MAP experienced minima quality
deterioration compared to other treatments. The MAP bags effectively retained
cucumber freshness, firmness, and moisture levels throughout the storage period.
Consequently, cucumbers in MAP bags didn’t show any signs of shriveling or
wilting even at the end of day 8. Furthermore, the use of MAP also contributed to
maintaining a consistent TSS level in cucumbers, indicating a uniform and
desirable taste throughout the storage period. Future research could be done to
explore the optimization of MAP materials and storage conditions to further
enhance postharvest quality and shelf life of other fruits and vegetables.
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ABSTRACT

A study was undertaken to investigate the effect of dietary supplementation of
turmeric (Curcuma longa) powder on the performance of commercial broiler
chicken. This experiment was conducted at the Instructional Livestock Farm
Complex, HICAST, Kirtipur, Nepal for 42 days from 20" May 2023 to 30" June
2023. Atotal of 200 day-old commercial broiler chicks comprising 50 chicksin
each group with uniform body weight were randomly divided into four groupsviz.
TO (diet with 0% Turmeric powder as control), T1 (diet with 0.5% Turmeric
powder), T2 (diet with 0.75% Turmeric powder), and T3 (diet with 1% Turmeric
powder). Experimental birds were provided adlib starter feed for first 21 days
and continued with the finisher feed for another 21 days and had easy access to
drinking water. Feed intake was recorded daily and body weight gain was
measured at 7-day intervals. The final body weight was significantly higher
(p<0.05) in the T1 group (2046.89 g) followed by TO (1807.2 g), T2 (1773.55 g),
and T3 (1742.323 g) respectively. With respect to overall FCR, the T1 group
showed the best FCR value of 1.58 followed by T2 (1.74), T3(1.86), and TO (1.91).
This study revealed that increased body weight improved FCR and highest BEPI
in chicks fed with 0.50 % Turmeric powder. Thus, it can be recommended that
Turmeric powder can be used as a natural feed additive in feed at the level of
0.50% to improve the overall performance of broiler chicken.

Keywords: Cobb 500, Feed Intake, FCR, Turmeric, Weight Gain

INTRODUCTION

Poultry business being one of the major agricultural practices (Osti et al., 2017)
is an important occupation of the people in Nepal. Easy rearing, |ess manpower,
and less investment are possible causes for people's attraction to thisfield. In the
world, Nepal stands at 112" in the chicken meat production ranking and 92" in
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the egg production ranking (Shrestha et al., 2014). There istremendous growth in
poultry farming in the last six decades and it creates income generation in urban
and periurban areas (Bhattarai, 2005). Poultry farming is extensively increasing
in Nepal and has a greater contribution to the National GDP (Gross Domestic
Production). Poultry production contributes 4% of the national GDP aone. The
poultry population of Nepal is estimated to be 82,598,879 (Statistical-
Information-On-Nep... 2023). Typical broilers have white feathers and yellowish
skin. Most commercial broilers reach slaughter weight at between five and seven
weeks of age, although slower-growing breeds reach daughter weight at
approximately 14 weeks of age (Kruchten, 2002).

Turmeric (Curcuma longa) is one of such perennia herbs that contains an active
component named curcumin (Mashhadani, 2015) and it ranges from 2 to 5% of
the Turmeric (Bagchi, 2012). The therapeutic properties of curcumin included
antibacterial, anticoccidial, antioxidant, hypocholesterolemic, hypolipidaemic,
immunomodulatory, and hepatoprotective properties (Hussein, 2013, and Qasem
et al., 2015). It also possesses anti-inflammatory (Holt et al., 2005). Considering
the above facts, the present study was undertaken to determine the dietary
supplementation of Turmeric powder on the performance of broiler chicken fed
at different levels with feeds.

The general objective of this study is to assess the effects of dietary
supplementation of Turmeric powder on the growth performance of broiler
chicken. Other specific objectives are to evaluate the body weight gain; feed
intake of boiler chicken in different treatment groups; find out the feed conversion
ratio (FCR) and Broiler Performance Efficiency Index (BPEI).

As Turmeric islocally available, this study may help to reduce cost production in
poultry farming and to uplift their economic status which will be beneficial to the
farmer. Thus, the rationale for thisthesisliesin addressing the need to explore the
potential benefits of Turmeric as a feed additive and consider the economic
implications of such supplementation.

MATERIALSAND METHODS

The study was conducted in the Instructional Livestock Farm Complex, HICAST,
Kirtipur, Nepal with Cobb 500 broiler chicken from 20" May 2023 to 30" June
2023 for 42 days (6 weeks). Chickenswere kept in a deep-litter system of rearing.
Two hundred experimental day-old chickens were procured from the Hatchery
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and kept in four treatment groups with two replications having 25 birds in each
replication by using Complete Randomized Design (CRD). The control treatment
group (TO) was fed with basal diet without any turmeric powder supplementation
and the treatment group T1, T2 and T3 were supplemented with different levels
of Turmeric powder variety of turmeric powder at the rate of 0.5gm/kg,
0.75gm/kg, and 1gm/kg feed respectively. A concentrated mixture was given on
a group basis and was provided to the experimental birds twice a day (morning
and evening) in adlib amounts for both periods (starter-21 days and finisher-21
days) of the experiment. Drinking water was provided in adequate amounts. The
guantity of concentrate mixture was weighed and given to the birds in the group
and refusal was weighed the next morning. The body weight gain was measured
on a group basis (replication-wise) in seven-day intervals in the morning before
feeding. The recorded data were analyzed using Microsoft Excel’s One-way
Analysis of Variance (ANOVA) in a randomized block design. All statistical
analysis was performed using Microsoft Excel. The level of statistical analysis
was defined at (5%) level of significance.

RESULTSAND DISCUSSION
Weekly Feed Intake and Total Feed Consumption
The mean weekly feed intake of the present study indicated that during the 1st

week of age, the feed intake was higher in the TO group, and T1, T2, and T3
groups were comparatively dlightly lower.
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Figure 1. Feed intake gm per chicken
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During the 2" week of age, the highest feed intake was found in the T1 group
(1850g) and the lowest in the T3 group (1550 g). During the 6™ week of age,
similar feed intake was found in the TO, T1, and T3 groups and lowest in the T2
group. Thus, it is proved that, among all weeks, except in the 2™ where T1 is
better and 6 where T3 is better TO revealed higher feed intake compared to other
treatment groups. The total feed consumption per broiler for different
experimental groups was found to be highest in the TO group (3418.62 g) and
lowest in the T2 group (3015.04 g).

Similar findings with respect to feed intake were observed by several reserchers
(Sharma et al., 2015; and Shah, et. al., 2023) where the addition of Turmeric
powder does not show improvement in feed intake as compared to control(TO).
These findings were supported by Nouzarian et al. (2011). Contrary to the present
observation, (Ahlawat et al., 2018) reported improved feed efficiency in the
treatment group; this might be due to differences in agro-climatic conditions
(Mehala and Moorthy, 2008).

Weekly Body Weight and Body Weight Gain

The (Meant S.E.) weekly body weight of different experimental groups did not
differ significantly during the 1% week of age. In the 2 week, body weight
differed significantly (p<0.05) among different treatment groups. The T1 group
achieved significantly (p<0.01) higher body weight (422.40 g) as compared to TO,
T2, and T3 groups (395.60, 365.60, and 321.40 g), respectively.

Tablel. (Mean + S.E.) weekly body weight (g) of broilersunder different

treatments

Week Group

TO (Contral) T1 (TP-0.5%) T2 (TP-0.75%) T3 (TP-1%)
1 165.52+23.75 156.832£7.24 156.16%£10.22 144.832 £13.74
2nd 395.6% +51.33 422.42+44.11 365.6° +25.35 321.4°+35.82
3 7352+87.18 7482 +69.24 625° +101.14 600.5° +89.83
4th 1148.82+82.53 1161.42+90.94 1041° +126.42 1043°+104.41
5 1538% +99.68 1655.72 £147.88 1489.2> +92.89 1484.5 +122.99
6 1807.22+131.62 2046.89° +146.33 | 1773.55°+161.42 | 1742.323%+120.07

Means bearing the same superscriptsin a row do not differ significantly
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In the 3 and 4" weeks, body weight differed significantly (p<0.05) among the
different treatment groups. The TO and T1 groups achieved significantly (p<0.01)
higher body weight as compared to T2 and T3 groups. During the 5" and 61 week
of age, the body weight of broiler chickens differed significantly (p<0.01) among
the different experimenta groups. The T1 gained significantly (p<0.01) higher
body weights as compared to the TO, T2, and T3 groups during the 5" and 6"
week of age.

The initial body weight of day-old broiler chicks fed on different dietary
treatments were similar that is 45.5 g. The mean weekly weight gain of the present
study indicates that 1% week weight gain is almost similar in all groups.
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Figure 2. Weekly body weight gain (g/bird) of broilersunder different
treatment groups

The control group grew the most body weight (120 and 339.4 g) during the 1% and
3" weeks of age, and the T3 group gained the most (442.50 g) during the 4™ week
of age. The T1 group experienced the largest body weight gain at the 2™, 51, and
6™ weeks of age (265.57, 494.3, and 391.19 g). The experimental birds average
mean body weight ranged from 45.5 g at the start to 1842.5 g at the conclusion.
The T1 group (2046.89 g) saw the largest increase in total body weight, followed
by the TO (1807.2 g), T2 (1773.55 g), and T3 (1742.32 g) groups, in that order.

The improvement in body weight and body weight gain of the broiler chickens
due to supplementation of Turmeric powder in the diets might be due to the
increased length of theintestinal villi aswell asdecreased pH in theintestine (Sieo
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et al., 2005). Turmeric decreased the intestina microbes, population and
selectively increased the Lactobacillus count (Sieo et al., 2005; and
Namagirilakshmi et al., 2010). This reduction in the microbial load of broiler
chickens could be due to the antibacterial effect of Turmeric on intestina
microbiota (Faghani et al., 2014). Turmeric also enhanced the secretion of
digestive enzymes and hence improved nutrient absorption, ultimately resulting
in improved growth performance (Ardlan et al.,, 2017). These findings
corroborated well with the reports of Sharma et al. (2015).

Feed Conversion Ratio

Among the different experimenta groups, the mean weekly feed conversion ratio
of the T1 group showed the best FCR values during the 1% (1.523), 2™ (1.422),
and 39 (1.41) weeks of age. In the 4" week, the T3 group showed the best values
(1.601) as compared to other groups. In the 5" and 6" weeks, the mean FCR value
of the T1 group (1.507 and 1.904)) was the best among all the experimental
groups. In the 6" week of age, the T1 group (1.904) showed the best FCR followed
by the T2 (2.381), TO (2.747), and T3 (2.867) groups, respectively.

The overall FCR of the entire period of the experiment was best in the T1 group
(1.584) followed by T2 (1.7392), T3 (1.856), and TO (1.905867) groups,
respectively.

Table 1. Mean weekly feed conversion ratio of broilers under different
treatment groups

Week Group
TO (Control) T1 (TP-0.5%) T2 (TP-0.75%) T3 (TP-1%)

1 1.58 152 154 171
2nd 157 1.42 1.62 1.76
3 1.50 141 1.66 1.57
4 1.92 1.74 1.64 1.60
5th 212 151 1.59 1.63
6 2.75 1.90 2.38 2.87
Overdl | 1.91 1.58 174 1.86

The better feed conversion ratio can be attributed to the antimicrobia properties
of Turmeric powder which resulted in better absorption of the nutrientsin the gut
and finally led to improvement in feed conversion ratio (Ong-ard et al., 2010).
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Turmeric could control and limit the growth and colonization of numerous
pathogenic and non-pathogenic species of bacteria in chicken’s gut resulting in a
balanced gut microbial ecosystem that leads to better feed utilization reflected by
improved feed conversion ratio (Hussein, 2013). Similar observations were
reported by several researchers (Naderi et al., 2014; and Arslan et al., 2017). On
the other hand, the addition of Turmeric powder in the broiler ration did not show
significant differences in feed conversion ratio according to the findings of
Mehala and Moorthy, (2008); and Fallah and Mirzaei, (2016).

Broiler Performance Efficiency Index (BPEI)

Among the different treatment groups, the T2 group showed the highest BPEI
(129.55) followed by T2 (101.93), TO (94.62), and T3 (93.67) group.

Table 2. Broiler Performance Efficiency Index (BPEI) of broiler birdsin
different treatment groups of broiler chicken

Group BPEI
TO 94.62
T1 129.55
T2 101.93
T3 93.67

Similar findings with respect to improvement in efficiency index were observed
in previous findings, Attia et al. (2017) in broiler chicken. The higher value of
BPEI in the T2 group was due to higher average body weight and better feed
conversion ratio in broiler chicken during the entire experimental trial. Contrary
to the present observation, Choudhury et al. (2018) found T3 had the highest
efficiency index while TO had the lowest efficiency index.

CONCLUSION

Based on the results of the present study, it may be concluded that Turmeric
powder supplemented at alevel of 0.5% Turmeric powder has a significant effect
on body weight gain, and FCR, though there were no differences in feed intake.
This suggests that the supplementation of Turmeric (Curcuma longa) powder at
0.5% level in diets has a high potential for commercial applications for the
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production performance of broilers. However, further study should be conducted
to validate this finding in the farmer’s field for wider dissemination.
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ABSTRACT
The research on management of Chinese citrus fly (Bactrocera minax) was
conducted at a citrus orchard. The average pupal length and breadth was recorded
7.98+0.22 mm and 3.81+0.13 mm respectively. The average length and breadth
of adult fly was recorded 8.20+1.00mm and 4.5+0.00mm respectively. The
average citrus fruit loss (%) dueto Chinese citrusfly in 2021 at Chhahari Retreat,
Kathmandu was 86.80%. It revels this is one of the serious pest in citrus fruits
there. So, this action research was performed to manage the problem. AWCP
(Area-wide control program) is practiced for the management of Chinese citrus
fly by using spot application of protein bait. Letha protein bait having 25%
protein hydrolysate and 0.1% abamectin (Great Fruit Fly Bait) was used in spot
application (one spot among 3 productive citrus trees) in weekly interval for 12
weeks. Following the AWCP, fruit loss was reduced to 27.68% in 2022 harvest.
The overal fruit loss (%) was reduced by 59.12 % compared to year 2021
(p<0.001) by the spot application of protein bait.

Key words: Bractrocera minax, protein bait, sweet orange, spot application

INTRODUCTION
Citrus has a big impact on how people get their nutrients and how much money
producers in Nepal make. Citrus fruit cultivation, in particular the SUNTALA
(Mandarin) and JUNAR (Sweet Oranges) varieties, has been practiced in Nepal
for generations. Citrus is one of Nepal's major fruit products in terms of area
covered, output, and export potential. In fact, Nepal isone of the centersfor citrus
diversity, and many different species of citrus are grown here (Adhikari and GC,
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2020). It isgrown in more than 50 districtsin Nepal (Adhikari and GC, 2020). In
recent years, the Chinese Citrus Fly (CCF), Bactroceraminax(Enderlein)
(Diptera: Tephritidae), has emerged as a significant threat to the production of the
citrus fruits with tight skin, such as sweet Oranges, lemon, and lime as well as
loose skinned mandarin fruit. Originating in China, it appears that this invasive
species migrated into north-eastern Nepal through India and Bhutan (Adhikari et
al., 2020).

Chinese citrus fly is one of the major pests of citrus in Nepal. The pest is more
problematic in the eastern part of the country, Nepal. Because of its bigger size
and univoltine life cycle, as well as its oligophagous feeding behavior and
exclusive feeding on citrus fruits, this pest is unlike any other. It is not attracted
by para-pheromone lures, cue lures, or methyl lures (Chen and Xie, 1955).
Because of the difficulties associated with the control of this pest by chemical
insecticides, farmers had experienced great lossesin Sweet Oranges (Wang et al.,
2018).Chinese citrus fruit fly is one of the major pests of citrus and isabig threat
to commercial citrus farming. This fruit fly can cause (30-100%) reduction in
yield of citrus (Sharma et a., 2015). The fly prefers to swoop down on its prey.
Insects attack practically all citrus fruits, including sweet Oranges (Xia et d.,
2018). Sex pheromones and parapheromones can be used to track most fruit flies;
however, Bactrocera minax is not known to be attracted to any male lure (Drew
et al., 2006, Zhou et a., 2012). Climate conditions have a significant impact on
fruit fly species biology, behavior, and morphological features (Dominiak et al.,
2006). Identifying the pest and learning about its habitat and behavior before
implementing any pest management strategies is the most fundamental necessity
for successful pest management. The males of this species of Bactrocera are not
drawn to any known chemical lures, in contrast to the mgjority of pest species.
Protein bait traps (either protein hydrolysate or protein autolysate) can be used to
monitor both sexes, however they also catch a lot of unrelated insects. The
recurrent high infestation levels of B. minax in China highlight the need for a
deeper comprehension of its biology and ecology in order to create and use more
effective management techniques. Through open field surveys and video
recordings, we investigated the eating and mating behaviors of B. minax in situ
(Citrus orchards and surrounding ecosystems) as part of the development of a
sterile insect method program against this pest (Dong et al., 2014).

From May to July 2018, the AWCP was implemented in Nepal by Junar Super-
zone, Sindhuli under the Prime Minister Agriculture Modernization Project
(PMAMP). The main components of the AWCP were the use of protein bait called
Great fruit fly bait (Protein hydrolysate 25+0.1 percent Abamectin) as spot
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applications underside of the 0.5 to 1 m? leaf for 10 times at aweekly interval, in
accordance with the protocol developed by Ecoman Biotech, China. It's
interesting to note that from 56.7 percent in 2017, the average fruit loss
attributable to the fly dropped to 10.90 percent in 2018. While 6 percent of the
infestation in the 10.90 percent of the population was brought on by causes other
than the CCF, water stress, nutritional problems, and bug infestations (Adhikari
et al., 2020). Unsuitable orchard management techniques enhance the likelihood
of a fruit fly; as a result, routine training/pruning operations and a balanced
fertilizer dose are advised. A balanced fertilizer DOSE SERVES TO
REVITALIZE THE ORCHARD WHILE TRAINING AND PRUNING
REMOVE THE INSECT'S HABITAT (GAUTAM et a., 2019). Maintaining
field sanitation lowers the fly incidence from 50% to 100% to 1% (Xia et d.,
2018). After pollination and the development of little fruits, fruit can be bagged
with wax-coated or oil-soaked paper to assist prevent fly assault and spread.
According to reports, the brown paper bag worked well to keep fruit flies under
control (Sarker et al., 2009). Another approach to stop future spread is proper
disposal of contaminated fruits. To prevent the spread of the pest, it can be buried
deeply, tightly packaged in polythene plastic, submerged in water, burned, and
fed into the hooper of a gas plant powered by FY M. Fruits that are contaminated
(fallen fruit) must be collected and buried at least 30 cm below the surface, in a
trench that is between 1 and 1.5 meters deep.The general objective of the study is
to know the morphology and management of Chinese citrus fly. To measure the
diameter of fruit, know the morphological characters of Chinese citrusfly, assess
the damage in 2021 and 2022 after protein bait application are other specific
objectives.

MATERIALSAND METHODS

Site selection

The site was selected on the basis of the availability of a problematic citrus
orchard in Kathmandu. The problematic citrus orchard was purposefully selected
for the study. Compatibility with the field owners was taken into account as well.
The cost of the total project was considered and the distance to thefield was taken
into consideration aswell. The study areawas confined to the Kathmandu district
at Chhahari Retreat, Budanilkantha. The orchard issituated at 1485.17-meter mas|
and thelatitude and longitude was 27.7863210 degree N, 85.3542847 degree E
respectively. The research was done from3™ May, 2022 till 19" July, 2022.
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Record of citrus fruits in the orchard and measurement of morphological
characteristics of pupae and adults

Manual Vernier Caliper was used to measure the breadth of the fruit for research.
This measurement was taken so that the spraying could be started at the optimum
timei.e. when the average fruit size of the orchard is 10-15 mm. Manual Vernier
Caliper was used to measure body length, breadth, wingspan of the fruit fly, the
length and breadth of pupae. The breadth of the adult fly was recorded by
measuring the mesothorax portion. Apical tip-to-tip of forewings including the
thorax was measured to compute wingspan. In addition to the aforementioned
variables, information on body type and color was gathered. Puape (n=23) was
collected from the site (Chhahari resort) on 1% May, 2022. The pupae were
carefully placed in atransparent plastic container covered with thin muslin cloth
for ventilation purposes. From the pupae collected, 2 adult flies emerged which
were used to measure major morphometrics parameters like length and breadth of
adult flies, and wingspan at Chhahari Retreat, Kathmandu.

Damage assessment of citrus fruit in 2021 and protein bait application and
damage assessment on 2022

The damage assessment of the citrus fruit in 2021 was done by guestioning the
owner of the orchard about the loss of each specific tree that we had marked.
Pieces of colorful ribbonswere used to mark thetrees. Protein bait and water were
combined in aratio of one part protein bait to two parts water to create an agqueous
bait solution for treatment. Thus, the prepared aqueous bait solution was sprayed
@ 50 ml solution over 0.5 to 1 m? area under the leaves in one among three
productive Sweet Oranges trees at the location in the weekly intervals, which was
repeated 10-12 times (Ecoman-Biotech, 2018). A total of 12 spraying sessions
was performed for research purposes at Chhahari Retreat, Budanilkantha at
weekly interval. Application of protein bait during rainfall was avoided as the
solution could be washed away by the rain. Proper precautions were taken during
the application of protein bait solution in the citrus orchard and sanitation was
maintained as well. The application of the solution was done through Knapsack
sprayer. For preparing the solution, we used mixture of water and bait in the ratio
of 2:1. The protein bait used (Great Fruit Fly Bait) contained 25% protein
hydrolysate and 0.1% abamectin.

Data Analysis

The diameter of the fruits recorded was used to analyze the minimum, maximum,
S.D., SE., with the help of Ms. Excel to get the optimum time to start the spot
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application of protein bait spray. The varieties of citrus trees and the number of
productive and non-productive trees recorded were sorted in the form of pie-chart
and bar graph respectively. The mean and range of the adult fly (length and
breadth) as well as the wing span was analyzed from Ms. Excel.
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Photograph 2: Spot application of protein bait
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RESULTSAND DISCUSSION

Record of citrusfruitsin the orchard
Citrusfruit diameter measurement in Chhahari Retreat, Budanilkantha

We measured citrus fruits in the orchard on 15/01/2079 B.S. This measurement
helped usto spray the protein bait at the optimum time. The average fruit sizewas
9.78 mm from the total of 30 fruits that we measured. Figure 1 is a pie-chart
showing the percentage of different citrustrees present in the orchard at Chhahari
Retreat, Budanilkantha. This pie-chart helps us know varieties and percentage of
citrustrees avaliable in orchard as well.

Figure 1. Typesof citrusfruit in percentage

Figure 2 tells us the number of productive and non-productive citrus tree varieties
present in the orchard a Chhahari Retreat, Budanilkantha. The non-
productiveness of citrus tress was confirmed when it was not producing any fruit
for more than ayear.

Body size of B. minax:

The adult body ranged from 9.2 mmto 7.2 mmin length with amean of 8.20+1.00
mm and 4.5mm in breadth with a mean of 4.50+0.00 mm. However, the average
body length (12.52 + 0.26 mm and 14.29 + 0.20 mm), breadth (3.39 + 0.05 mm
and 3.90 =+ 0.06 mm) and wingspan (22.80 + 0.19 mm and 23.51 + 0.23 mm),
male and female respectively was measured in the morphological study of adult
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Chinese citrus fly, Nepa (Adhikari 2022). Only two adults was taken for
measurement due to the high mortality rate of pupa.
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Figure 2- Citrusorchard detail in graph

Wing span of B. minax:

The pupae ranged from 9.9 to 5.4 mm in length with a mean of 7.98+0.22mm and
the breadth of pupae ranged from 5.3-2.4 mm with amean of 3.81+0.13 mm. The
actual wingspan ranged from 11.7-11.5 mm with a mean of 11.60+0.10 mm.

Fruit damage assessment

In a non-AWCP condition, the highest CCF mean sweet orange fruit damage %
in 2021 was 86.80 % in Chahari Retreat, Budanilkantha. Hence, with AWCP in
2022, the mean fruit damage receded remarkably in comparison to without AWCP
in 2021. The recession in mean fruit damage in 2022 is obviously an impact of
AWCP with applications of the Great Fruit Fly Bait in the citrus orchard. The
clearly declining mean fruit damage percentagesin 2022 by virtue of AWCP's
handling of B. minax in citrus orchards was statistically confirmed using the
Student's "t-test" to determine the effectiveness of the AWCP management
against CCF in the citrus orchard of Chahhari Retreat, Budanilkantha. The mean
fruit damage (MFD) 86.80% in 2021 was reduced to 27.68% (very highly
significant; p <0.0000). Chinese citrus fly management strategies can vary in their
efficacy depending on the location of the orchards, the vegetation in the area, the
sprayers ability to apply spot treatments, and other managerial factors. Van
Schoubroeck (1999) emphasized the necessity of management and monitoring
methods for the growth of successful IPM practice.

154



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

Table 1. Student'st-test for fruit damage assessment

Particulars Variable 1 Variable 2
(2021) (2022)
Mean fruit damage percentage (%) 27.680000 86.800000
Variance 16.310000 34.083333
Observations 25.000000 25.000000
Pearson Correlation 0.110628
Hypothesized Mean Difference
df 24.000000
t Stat 39.639483)
t-test for mean fruit damage % P(T<=t) one-tail 0.000000
t Critical one-tail 1.710882
t-test for mean fruit damage % P(T<=t) two-tail 0.000000
t Critical two-tail 2.063899

RESULTSAND DISCUSSION
Chinese Citrus Fly (CCF), Bactroceraminax (Enderlein) (Diptera: Tephritidag),
has emerged as a significant threat to the production of the citrus fruits with tight
skin, such as sweet oranges, lemon, and lime as well as |oose skinned mandarin
fruit. Originating in China, it appears that this invasive species migrated into
north-eastern Nepal through India and Bhutan (Adhikari et a., 2020). This study
helps us know about citrus fruits, fruit flies, Chinese citrus fly in detail. Welearn
about mapping and labelling of an orchard, measuring the diameter of fruits
through this research. Morphological study of the Chinese citrus fly and its
management by spot application of protein bait is done during this study. The
detailing of the citrus orchard by recording the varieties of citrus trees along with
the number of productive or non-productive (each variety) is done. Rearing of
pupae is done during the study where the length, breadth, and range of pupae
(n=23) is recorded. Similarly, adults (n=2) are taken to measure their length,
breadth, range as well as their wing span. The shape, size, and color of the adult
is studied in detail. The loss of citrus fruit in the past year is recorded along with
their average, minimum, and maximum. Lethal protein bait having 25% protein
hydrolysate and 0.1% abamectin is used in spot application (one spot among 3
productive citrustrees) in weekly intervalsfor 12 weeks (Ecoman-Biotech, 2018).
As abamectin is registered to manage ornamental insect pests, spinosad would
have been a better killing agent for Chinese citrus flies but due to the
unavailability of protein bait consisting of spinosad at that time abamectin was
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used. The average citrus fruit loss (%) due to Chinese citrus fly in 2021 at
Chhahari Retreat, Kathmandu is minimized as a result of protein bait application
in 2022. AWCP (Area-wide control program) is used in the management of
Chinese citrus fly by maintaining sanitation and spot application of Protein bait.

CONCLUSION

This study helps us in the identification of the Chinese citrus fly from its pupal
stage to its adult stage. We got to know that precautions are very necessary for the
management of Bractrocera minax and field sanitation to control maggots along
with spot application of protein bait are maor management strategies in
controlling them and starting the treatment process early is highly recommended
to have any chance of controlling its damage. As we aready know the losses
caused by Chinese citrus flies at Chhahari Retreat, Kathmandu in 2021 by
questioning the owner about losses in all 25 citrus trees that we had marked. In
order to know the impact we have made on preventing citrus production loss, in
2022 similar questioning was done to the farmers from which we got to know that
the overall fruit loss (%) was reduced by 59.12 % compared to year 2021 by the
spot application of Great fruit fly bait (25 % Protein hydrolysate + 0.1 %
Abamectin).
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ABSTRACT

Potato (Solanum tuberosum L.) is a major food crop which has a high
contribution on food security aswell asactsasa major source of income of Nepali
farmers. It is also a major cash crop of Sindhupalchok district. To assess and
analyze the economics of potato production in Sndhupalchok district, this study
was conducted in two municipalities (Chautarasangachokgadi and Balephi RM)
of Sindhupalchok, Nepal, where most of the farmers were involved in potato
farming. Total 150 potato farmers were selected using simple random sampling
technique. A semi-structured questionnaire was administered to collect the
primary data. The result shows that the average production per household was
3,951Kg and 7,738.3Kg of Balephi and Chautarasangachokgadi Municipality,
respectively. Moreover, the average productivity of potato was found to be
13,546.96 Kg/Ha with a doatically significant yield gap between
Chautarasangachokgadi (19,355.62 Kg/Ha) and Balephi Rural municipality
(7,738.30 Kg/Ha). The average gross margin of potato was NRs. 12,737.8/ropani
and the average benefit cost ratio was 1.68. The highest farm gate price was
reported to be NRs. 23/Kg and highest selling price of retailer was reported to be
NRs.35/Kg, where the average marketing margin was NRs.11/Kg. The study
showed a statistical significant differencein variable costs between municipalities
because of different level of input usage, particularly in the utilization of labor
and fertilizer. According to the Cobb Douglas model, the coefficient of labor was
negative while the coefficients for tractors, tubers, fertilizers, and manures were
positive. The return to the scale was found to be 1.03, which means there was
growing returnsto scale. Findingsreveal ed that timely unavailability of fertilizer,
lack of irrigation facilities, pest problems and fragmented land holding were the
major problems for the production of potato and access to national market ,
variation in climatic condition, fertile land and improving infrastructure were the
major strength for potato production in study area.

K ey words: Potato production, Productivity, BC ratio, Gross margin
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INTRODUCTION

Potato is one of the important vegetable crops which is considered as major food
crop in morethan 100 countries and grown in morethan 125 countriesin theworld
(1'YP,2008). The potato is native to the Peruvian-Bolivian Andes and is one of the
world’s main food crops. Potatoes are frequently served whole or mashed as a
cooked vegetable and are also ground into potato flour, used in baking and as a
thickener for sauces. The tubers are highly digestible and supply vitamin C,
protein, thiamin, and niacin. After major cereals having global average per capita
consumption of 33 kilograms per year; China and India being leading producer
and consumer (1Y P, 2008). In Nepal potato has been cultivated since 18™ century
(Ojha, Hidalgo, & Lama, 2001). The potato remained a relatively minor and
unrecognized crop in Nepal for over 150 years, until the first official attempt to
improve potato production in Nepal occurred in 1962 under a program sponsored
jointly by Nepal and India. It is a noticeable food security and cash crop of high
hills in Nepal, currently fourth to rice, wheat and Maize in importance as the
largest consumed staple in the country (Timsina,Kafle & Sapkota, 2011). Though
potato productivity hasincreased rapidly (by 43%) over the past 35 yearsin Nepal,
it is still among the lowest in the world (ABPSD, 2008/2009).Potato cultivation
is popular among smallholder farmers due to its wider adaptability, high yield
potential and high demand and act as magjor source of food, income and
employment to Nepalese and contributes about 6.57 and 2.17% in AGDP and
GDP, respectively (MoALD, 2015).

Over the past few decades, potato has become the fastest growing staple crop in
Nepal. It is considered as the major staple food crops and source of income for
smallholder farmers in high mountain regions of Nepal (Timsina et a., 2011).
Climatic diversity of the country permits year-round cropping of potato from
plains (60 masl) to the mountains (4400 madl) (Timsina et a., 2011). By agro
ecological region, out of the total area under potato crop, around 19% liesin the
high hillsfmountains, 43% in the mid-hills and remaining 38% in the Terai and
Bhabar, occupies the fifth position in area coverage, second in total production
and first in productivity among the food crops grown in the country (ABSPD,
2014). Thelarger share of its production is traded and consumed in major market
centersin the cities such as Kathmandu, Chitwan, Biratnagar and Pokhara. Hills
has fairly large sharein total potato production (Timsinaet a., 2011). According
to (MoALD, 2019), important potato cultivation areas are Dolakha, Jhapa, Bara,
Kavre, Morang, llam, and Jhapa districts and which were responsible for 40% of
the total output.
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In Nepal, potato production was ranked fifth in area (198788 Ha), second in
production (3325231 Mt) and first in productivity (16.73 Mt/Ha) among the food
crops grown in Nepal (MoALD, 2020). And according to latest data the average
national productivity of potato of 2021 is(17.20 Mt/Ha) which isincreased by 0.5
Mt/Ha (MoALD, 2021). In Sindhupalchok, the amount of potato production in
2020 was 55980 Mt in an area of 3,345 Ha with the productivity of 16.74 Mt/Ha
(MoALD, 2021) and in 2021 the potato production wasincreased to 58,055 Mt in
3,415 Haof land with the productivity of 17Mt/Hawhich isless than the national
average productivity. This study was conducted to assess the existing production
practices, production, productivity, cost, income and benefit of potato production
Sindhupalchok district.

METHODOLOGY

The study was carried out in the two municipalities of Sindhupalchok
(Chautarasangachokgadi and Balephi RM) which were purposively selected. A
total 150 potato farming householdslisted in Agriculture Knowledge Center were
selected by sample random sampling method. The pre-tested interview schedule
was administered to the respondent to collect the primary data on socio-
demographic information, prevailing production practices, cost and return of
production and others by carrying out the household survey. Similarly, to get the
more information regarding the various aspects of potato production face to face
interviews and Key Informant’s Interviews (KII) with AKC officers, traders, input
suppliers, consumers and financial service providers were conducted.

Two comprehensive Focus Group Discussions (FGDs) were conducted at each
municipality/RM of the study area after completing the field survey with help of
the checklist to verify the results obtained from household surveys. The secondary
data were collected from various books, national reports, publications, reports of
different INGOs, web, published articles, etc. The statistical packages for socia
science (SPSS) and Microsoft Excel were used for necessary qualitative and
guantitative data analysis.

The benefit cost ratio, production, productivity, gross margin were calculated and
analyzed. Similarly, Cobb-Douglas Production Function regression was carried
out to find out the technological relationship between the factors used and gross
revenue generated from potato production of study area. Gross margin of the
producer for a particular enterprise is the difference between the gross revenue
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earned and the total variable cost incurred (Gujrati, 2003). The gross margin was
calculated by using following formula:

GM =ZP,Q — ZCjX;
Where,

GM = Gross Margin, P, = Unit price of product i, Qi =Quantity produced of
product i, C; = per unit variable cost of input j, X; = quantity of input used, ZP;iQ;
= Gross Return, £C;X; = Variable cost

BCR ratio isthe ratio of the benefits of a project or proposal, relative to its costs,
both expressed in monetary terms (Hayes, 2020). Total variable cost of production
and gross return from potato was used for benefit cost analysis as below:

Grossreturn

B/C

The Cobb-Douglas production function is used for analyzing the resource used
efficiency on potato cultivation. It is the most widely used model for fitting
agricultural production data, because of its mathematical properties, ease of
interpretation and computational simplicity (Heady and Dillon, 1969). It is a
homogeneous function that provides a scale factor enabling one to measure the
return to scale and to interpret the el asticity coefficientswith relative ease (Beattie
et a., 1985).The production function to be used is presented as:

" Totalvariablecost

Y = aXPIXBZX X 4 B4 X 5B X PO X7P7 Xgh8 XgPo en

The production function was converted to logarithmic form so that it could be
solved by Ordinary Least Square (OLS) method i.e.

InY =lna+ BiInX; + B,InX, + B3InX; + B,InX, + BsInX;
+ BslnXg + p

Where,

Y = production ofpotato (Rs/Ha), X1 = cost of seed tuber used (R¥Ha), X, = Cost
of land (R¥Ha), X3 = FYM cost (Rs/Ha), X4 = NPK cost (Rs/Ha), X5 = Pesticides
cost (R¥Ha), X = Labour cost (Rs/Ha), p = error term, o and PB1,................ Bs
= parameter to be estimated

For identifying major problems of production index was prepared based on
response frequencies. Indexing is a technique to analyze respondent’s perceptions
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by using the scaling technique (Subedi et al., 2019). Production problems were
ranked by using five point level of influence comprising most serious,serious,
moderate, low and very low or no problem at all using scores of 1.00, 0.80, 0.60,
0.40 and 0.20 respectively. The formula given below was used to find the index
for intesity of production problems faced by the producers. The priority index for
ech variable was calculated by weighted average mean in order to draw valid
conclusion and making responsible decision.

Index of influence is calculated by using following formula:

sif;
Iing = ;Vl

Where,

linr = index of influence, £ = summation, s; =scale value, fi = frequency
of influence given by respondents, N = total number of respondent

Return to scale indicates the response of output for the proportional change in
inputs of any production activity. It was obtained by summing up the regression
coefficients of respective inputs from CPDF regression analysis.

1 Decision rule:

2 Return to scale >1: Increasing return to scale
3 Return to scale =1: Constant return to scale
4 Return to scale<1: Decreasing return to scale

RESULTSAND DISCUSSSION

Socio-demographic characteristics of the respondents

The study depicted the average age of respondentswas 37.65 yrs. and among them
54.7 % were male and 45.3 % were femae. Agriculture activity was the
respondents’ primary source of income of both municipalities people. Among 150
respondents 47.3 % respondents have joint family and 52.7 % respondents were
living in nuclear family. Most of the respondents 73.4 % of both municipalities
have cemented house and 21.5 % of respondents have mud house. Among total
respondents 68.7 % were literate and remaining 31.3 % wereilliterate, which was
less than the national literacy 71.14 % of Nepa (CBS, 2021). Mgjority of the
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respondents were from Brahmin/Chhetri caste which is 61.3 % followed by
Jangjati 34 % and remaining 4.7 % were from Dalit community. In both
municipalities household head were male headed 80.7 % and 19.3 % household
were female headed. The average family size of each family was 5.59 in which
3.09 were active population and 2.33 people of family were involved in
agriculture.

Social Capital

Majority of the respondent family income was from agriculture; 84 percent, 5.3
percent family income from government service, 4 percent family income from
business, 2.7 percent family income from foreign income and remaining 4 percent
family income was from labour work or other occupations.

17.2%

0.9% 32.8%

36.6%
12.5%

= total non ag vegetables = potato = cereals livestock

Figure 1. Distribution of household income of the study area

The average land holding of each family was 7.54 ropani (0.37 Ha.) and average
area of land under potato cultivation was 4.93 ropani (0.25 Ha). The experience
of growing potato of farmers on an average was 12.37 years. In study area most
of the people were engaged in cooperatives/groups. During the study it was found
that on average 70.7 % people were involve in cooperatives/groupsin which from
Balephi 44 % farmers were involve and from Chautarasangachokgadi 62 %
farmers were involve. Among 150 farmers on an average 27 % borrow loan for
potato cultivation in which 21% of Balephi and 33 % of Chautarasangachokgadi
borrow loan. Overall the interest rate from institutional organization was 15.25%
and non-institutional rate was 19.87 % in average in both municipalities.
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Economics of Potato

Seed tubers, FYM, manure, chemical fertilizers, pesticides and labour were the
major inputs used in potato production by the potato growers in study area. The
quantity of different inputs used is significantly different between two
municipalities. The result revealed that the average total cost of potato production
was NRs. 329,637.27 /Ha. The average total cost of potato production in Balephi
was significantly lower than in Chautarasangachokgadi and mean difference for
average total cost between two municipalities were highly significant at 1% level
of significance. Also, it was evident that the seed tuber cost was NRs. 83,379.60
in case of Chautarasangachokgadi and it was NRs. 74,538.17/Ha in case of
Balephi. The cost for seed tubers was assigned as per the market price of potato
asthe farmers retained their own seed tubers for next season of cultivation while
in case of Chautarasangachokgadi some farmers usually bought tubers from
market. The mean difference of cost incurred in seed tuber was aso highly
significant between two municipalities. From the table it can be concluded that
the major cost was incurred in labour wage in both municipalities. The labour cost
was followed by manure cost, transportation cost, chemical fertilizers cost and
land preparation respectively in Balephi while in Chautarasangachokgadi 1abour
cost was followed by pesticides cost, FYM cost, NPK cost, transportation cost,
land preparation and seed tubers respectively. Also, the mean differences of all
categories of costs were highly significant between two municipalities. Due more
amount of investment in Chaurasangachokgadi the cost was increased highly in
comparison to Baephi. Hence the cost of inputs used was more in
Chautarasangachokgadi. The comparative cost of potato production with location
is shown below in Table 1.

The relative contribution of eight categories of cost incurred in potato cultivation
was shown diagrammatically and it was found that labour cost have highest share
in total cost accounting 29% of total average cost. This means huge amount of
money was spent in labour. Similarly, about 24% cost wasincurred for seed tuber,
13% in FYM, 11% in transportation of inputs and sold potatoes, 10% in
pesticides, 9 % in NPK (chemica fertilizers), 3% in land preparation, and
remaining 1% in other purpose. It was revealed that overall average production of
potato was found to be 5,767.75 Kg/household. The average yield of potato was
951 Kg/ household of for Balephi which was significantly lower (at 1%) than that
of Chautarasangachokgadi which was 6,384.5 Kg per household.Similarly, the
yield (Kg potato tuber per Ha) was found 13546.96 Kg/Ha which was lower than
national average productivity (17,204 Kg/Ha) of potato (MoALD, 2023).
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Table 1. Cost components of potato production with location

(NRs. per hectare) (2021)

Cost Location Mean t p
- . vaue

Components Overall Chautara Balephi Difference value
Seed tuber 78958.89 (19332.3) | 83379.60 | 74538.17 -8841.43™" -3.31 .001
Land
preparation 10149.9 (9527.04) 15984.94 | 4314.86 11670.07""" 10.95 .00
FYM 43915.41 (22429.74) | 55874.68 | 31956.15 23918.53"™" 8.90 .00
Chemica
fertilizer 27685.67 (23240.58) | 45842.4 9528.93 36313.46™" 17.73 .00
Pesticides 33436.98 (38629.37) | 66873.97 0.00 66873.97""" 24.57 .00

127296.1
Labour 94408.40 (38749.59) 9 61520.61 65775.58"" 22.79 .00
Transportati
on 36973.69 (22818.02) | 42361.6 | 31585.78 10775.82""" 343 .00
Others 4108.33 (15385.31) 8016.67 200.00 7816.67"" 371 .00
Total cost
excluding 278383.37 379142.4
HH labour (114040.82) 5 17762429 | 201518.15™" | 26.85 .00
Total cost
including 329637.27
HH labour (120040.2) 436788.6 | 22248594 | 214302.66"" 28.21 .00

Note: Figuresin parentheses indicates standard deviation. *** indicates the
significant at 1% level.

The yield of potato in Balephi was 7,738.30Kg/Ha which is 44.97 percent less
than national average while in Chautarasangachokgadi the yield was 19,355.62
Kg/Ha, 1.12 percent higher than nationa productivity. The mean difference of

productivity between two municipalities was highly significant at 1% level.
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Table 2. Production and yield of potato with location (2021)

, Location Mean t p
Particulars Chauta | Bal differenc vaue | value
overal ra | ephi e
Production at HH 5167.75 63845 | 395 | 2433.50
level (Kg) (4082.16) 0 1 " 440 | .00
13546.96 19355. | 773 | 11617.32 | 19.8
Yield (kg/ha) (7141.52) 62 | 83 2 00

The estimated values of coefficient and related statistics of Cobb-Douglas
production function have been presented in table 3.The coefficient of NPK cost
and pesticide cost were positive and significant at 1% level. The co-efficient tuber
cost was negative and significant at 10% level and the coefficient of labour cost
was also negative and significant at 1% level. Cost of manure application and land
preparation had positive impact on the income of potato but the effects were not
significant at desired level of significance.

The study revealed that an increase in 10% cost of NPK and chemical pesticides
remaining other factors constant would increase the gross return of potato by
0.45% and 0.83% respectively (Hague, Miah, Hossain, & Rahman, 2012) also
found positive and significant effect (1%) of NPK used in gross return of potato
where the result showed that 10% increase in cost of NPK used increase the gross
return of potato by 3.86%. Similarly, an increase in 10% cost of seed tuber and
hired labour would decrease the gross return of potato by 1.4% and 0.28%
respectively. The vaue of the co-efficient of multiple determination (R?) of the
model was 0.82 indicating about 82.1 percent of the variation in gross return of
potato production were explained by the explanatory variables included in the
model. The overal F value was 143.82 and it was statistically highly significant
at 1% level of significant. Thisindicates that the explanatory variable included in
the model were important for the explanation of variations in gross returns of
potato. Similarly, on an average benefit cost ratio (B: C) from the potato was 1.68.
The B:C ratio of potato obtained from this research was slightly lower than the
B:C ratio (2.9) obtained by Timsina, Kafle and Sapkota (2011) in Taplejung
district while the result was higher than the B:C ratio (1.44) obtained by
Bajracharya and Sapkota (2017) in Baglung district. B: C ratio wasfound highest
in Chautarasangachokgadi (1.89) followed by Balephi (1.46). The high B:C ratio
in Chautarasanghachokgadi was accounted to high fertilizers, periodic pesticide
application for pest control and proper crop management leading to high
production per unit areain low cost.
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Table 3. Estimated coefficients and their related statistics of production
function for potato (2021)

- Collinearity
Variables Cosfficie Std. Error T P>t Statistics
nts

Tolerance | VIF
LN cost of land | g 005 | 164 | 010 | o034 | 29
preparation
LN tuber cost -0.14 0.08 -1.83 | 0.07 0.87 1.14
LN FYM cost 0.01 0.01 0.03 0.73 0.92 1.09
LN NPK cost 0.05™" 0.01 5.3 0.00 0.66 1.52
LN pesticide cost 0.08"" 0.01 12.37 | 0.00 0.25 4.05
LN labour cost -0.03™ 0.01 -491 | 0.00 0.72 1.39
(Constant) 13.31™" 1.13 11.77 | 0.00

Number of observations= 150
F (6, 188) = 143.82
Prob> F =0.00
R- Squared = 0.82
Adj R- Squared =0.82
Root MSE =0.26
Return to scale; 1.03

Note: *** ** gnd * indicate significant at 1%, 5% and 10% level, respectively.
From the above table we can develop the cobb Douglas model for potatoes as:
InY = 13.34 + 0.084 In cost of land preparation — 0.148 In tuber cost

+ 0.005InFYM + 0.045In NPK cost

+ 0.083 In Pesticides — 0.028 Inlabour cost + p
Thereturn to scale of potato cultivation in study areawas found to be 1.032 which
signifiesthe increasing return to scale in production of potato in the study area. It
means with increase in variables such as fertilizers, irrigation and human labor
can increase the production and can get more return by utilizing optimum
resources. Thereturn to scale of potato in Saptari district of Nepal wasfound 1.85
(Mahatha, 2012), 0.82 in Baglung district (Bajracharya& Sapkota, 2017) and 0.32
in Nuwakot district (Dahal and Rijal , 2019).

In this study the average marketing margin and producer share of potato was
calculated. Produce’s share in consumer price was found higher that is 66.67
percent. And the average marketing margin was found Rs.11/Kg. In study area,
the lack of chemical fertilizer was the main problemsin the production of potato
in study area and ranked | whereas the least problems among was problems of
disease and insect pests. Altogether, five marketing channels were operated for
marketing of potato throughout the study area had been identified. Those channels
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have been presented hereunder which are found during the survey of the study
area and market. Multiple handling up to five different handlers were found from
the farm to the final consumers which affected the prices and quality of potatoes
of study area. Most of the farmers in study area used Channd [V
(Producers=Collectors=>Wholesalers= Retailers=Consumers) (70.2%) which
was more costly and lengthy.

CONCLUSION
Economically, potato cultivation was found to be a profitable business to
undertaken in Sindhupalchok. From the obtained benefit cost ratio, it can be
concluded that it is more profitable to cultivate potato in large scale as compared
to small scale. Gross margin showed that potato cultivation was profitable and
best option for potato growing farmers. During the course of survey, it was
observed that the farmers were facing many constraints which ultimately affected
the cultivation of the potato production. Expensivelabor hasdrastically increased
the cost of production of potato in the Sindhupalchok district. Similarly,
unavailability of fertilizers in timely, the insects like Potato tuber moth, red ant,
white grub and the disease like late blight were prominent and caused huge loss
in production. Due to the difficult land topography along with fragmented and
small land holding of farmers had caused higher production cost. Mechanization
in potato farming could help bring down the associated costs and increase
benefits. Apart from this, ensure year-round irrigation, developing higher yielding
varieties, supply farm inputs and quality seeds at required times can dramatically
boost up the profits from potato farming in the district. It is concluded from the
result of this study that potato is still a most profitable crop, which is helpful in
income and employment generation and offering the food and nutritional security
to the country. The constraints prevailing in the study area needs to be managed
by Government, Department of Agriculture, local government and farming
community itself, in order to offer a prominent place to the crop in the cropping
pattern.
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ABSTRACT
This study evaluated economic efficiency (EE) of the rice milling industry among
value chain processorsin North West of Nigeria. A purposive sampling technique
was employed. A total sample size of 80 rice processors was selected. About 41
(51.25%) of rice processors were from Kano State, while 39 (48.75%) of rice
processors were from Kaduna Sate. Primary data were obtained using a well-
designed and a well-structured questionnaire. Data were analyzed using
descriptive statistics, gross margin analysis, financial analysis, stochastic frontier
efficiency model, Tobit dichotomous regression model, and principal component
analysis. The results showed that the mean age of rice millers was 46 years.
Averagely, about 289,906 Kg of rice paddy were purchased by the rice millers
and 217, 216 Kg (75% of paddy rice purchased) of milled rice were processed
per annum. Rice processing was profitable in the area with a net income of 13,
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522, 068 Naira per annum. The mean allocative, economic and technical
efficiency scoresof rice millerswere 0.6320, 0.6220 and 0.5795, respectively. The
significant socio-economic factors influencing EE of rice processing activities
included: age of processor (P < 0.05), educational level (P < 0.05), membership
of cooperatives (P < 0.05), access to credit facilities (P < 0.05), and experience
in processing (P < 0.05). The major constraints faced by rice millers included:
lack of credit, high cost of processing equipment, lack of storage facilities, bad
road infrastructures, high cost of inputs, poor price information, lack of training,
and lack of extension services. The study recommends that rice paddy production
should be improved through research and extension, and improved seeds variety,
fertilizers inputs, chemical inputs and credit facilities should be adequately
provided to the farmers.

Keywords. Economic Efficiency, Rice Processors, Vaue Chain, North West,
Nigeria.

INTRODUCTION
Rice (Oryza sativa) is an important and staple food crop in Nigeria, mgjority of
Nigeriansrely onricefor their daily diet. Rice milling or processing is an essential
and significant part of Nigeria’ agricultural sector. Rice processing or milling has
become an important agro-processing sector employing thousands of millers,
traders, and parboilers as demand for rice has grown over the years (Johnson and
Masias, 2016). Nigeria consume 7 million tonnes of milled rice as against 2.5
million tonnes of milled rice produced by farmers (which equals to 4 million
tonnes of paddy produces by farmers) in 2017, leaving ahuge supply gap (Foyeku,
2017).About 4.4million tonnes of paddy and 2.8 million tonnes of milled rice
(100K g of paddy rice equals 63Kg of milled rice) was produced in Nigeria with
an estimated national consumption of about 6 million tonnes of milled riceleaving
a gap of about 3.2million tonnes in 2013 (GAIN Report, 2014).In 2022,not all 8
million metric tonnes of milled rice consumed was produced in Nigeria, the
quantity of milled rice produces in 2022 was estimated at 5.4 million metric
tonnes (Danbaba, 2023). In 2008, about 2 million metric tonnes of milled rice was
produced in Nigeria (USAID, 2009). Rice processing can reduce post-harvest
losses and add value to the grain. Rice processing promotes local consumption
and production. Rice milling or processing is a combination of activities or
operation that turn paddy into high quality white rice, the operation is highly
dependent on the management capabilities of the processors (Obianefo et al.,
2023). Rice milling will help reduce poverty, has the potentialsto create jobs, and
can generate additional income, and improve overall standard of living for
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farmers. Rice milling improve processors livelihood and promote Nigeria’s
economic stability. About 95% of rice processors are smallscale and they use low
capacity and outdated mills and this result to poor quality of rice than imported
rice, however, there is still an overall acknowledgement of higher organoleptic
properties of local rice (Olaniyi, 2011; Bamideleet al., 2010; Lancon et a., 2003).
Johnson and Ajibola (2016) reported that the average paddy production costs,
including rice processing and marketing costs in Nigeria tends to be higher than
those in Thailand. The higher milling costs in Nigeria were primarily due to the
high costs of procuring paddy which involve high search cost and a premium for
the scarce superior paddy varieties sought by large mill operators. The trade and
marketing costs also are high because of the distance to urban markets throughout
the country. The poor performance of the entire Nigerian rice value chan
compared to that of Asian countries leaves significant room for improvement.
Actors in the rice value chain have different skills and degree of access to
improved technology, information, services, and thereby rarely upgrade to better
paddy varieties and processing technology. The final milled rice from processors
istherefore broken, discolored, contains foreign debris and stones, the consumers
view the rice as inferior and non-substitutable with the higher quality premium
rice obtained from modern mills. Small-scale rice milling operators serve alarge
number of people including rural traders, paddy farmers, retailers, wholesalers,
final consumers and supply almost 70% of the domestic rice consumed in Nigeria.
The small-scale processors make up the most significant sub-sector of the
domestic rice milling industry in Nigeria. The various activities involved in rice
processing from paddy stage include: cleaning, hulling, milling, polishing,
grading, sorting, and packaging (Ibitoye et a., 2014). Agricultural productivity is
determined by crop yield, marketing and efficiency of post-harvest processing
(Sakurai et d., 2006). The processing efficiency of rice millersis very important
for decision makers and has policy implications towardsrice value addition. Rice
processing form the major part of rice value chain has been identified as one of
the ways of preventing post-harvest losses (Appaiah et a., 2011). Efficiency can
be defined as the possibility of firms producing a certain level of output at
minimum cost or a certain optimum level of product from a given bundle of
inputs. Efficiency isasignificant factor that can raise productivity growth, without
developing a new technology or increasing the resource base (Adeyemi et al.,
2017). A technical efficient firm isthe one that produces the maximum output for
a given amount of inputs given the level of production technology available.
Allocative efficiency produces the optimal mix of outputs using the optimal
amount of inputs given the production technology and the prices it faces.
Economic efficiency is achieved when both allocative and technical efficiencies
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have been attained. Economic efficiency isthe product of technical and allocative
efficiencies.
METHODOLOGY

This research study was conducted in Kano and Kaduna States, North West of
Nigeria. Kaduna State occupies between Longitudes 06° 15! and 08" 50! East and
Latitudes 09° 02! and 09° 02! North of the equator. The State has atotal land area
of 4.5 million hectares. The state vegetation is divided into 2, the Southern guinea
savanna and the Northern guinea savanna. There are 2 seasons, they are: the wet
and the dry seasons, the dry season is between October to March, and the wet
season starts from April to October and in between the wet and dry seasonsisthe
brief harmattan period which span from November to February. The mean rainfall
is about 1,482mm, the temperature of the State ranges from 35°C - 36°C, which
can be aslow as 10°C to 23°C during the harmattan period. The population of the
State in 2021 stood at 8.9 million people. They are involved in farming. Crops
grown include: okra, maize, pepper, rice, sorghum, ginger, millet, yam, tomatoes
and cassava. Animal reared include: sheep, cattle, rabbit, goats, and poultry.
Purposive method of sampling was used. About 80 rice processors were selected.
Data obtained from rice processors were of primary sources and were collected
using awell-structured and also awell-designed questionnaire. The questionnaire
was administered to rice processors using well trained enumerators.

Kano State occupies between Longitudes 08° 35! 31/East and Latitudes 12° 0!
8l North of the equator. The state is bordered by the states of Jigawa to the North
and East Bauchi to the South-East, Kadunato the South-West, and Katsina to the
North-West. The total area of the state is 20, 280 Sq Km, with an annual
temperature of 26°C - 30°C. Kano isvery hot for most of the year peaking in April
with 39.1°C, from December through February, the city isless hot, with morning
temperatures during the months of December, January, February averaging 14°C
- 16°C. Kano has an average of about 109.0 mm of rainfall per year. Kanoisa
tropical savanna climate, which consists of wooden savanna in the South, and
scrub vegetation in the North. The population of Kanoisabout 13,852,238 in 2018
and 14, 253,549 as at 2019. They areinvolved in farming. Crops grown include:
groundnut, millet, tomatoes, cowpeas, sorghum, maize, rice and cotton. Animal
reared include: goats, cattle, sheep, rabbit, and poultry.

Resear ch Design

A descriptive and cross-sectional research design was employed with the aim of
describing the socio-economic characteristics of rice processors, and to evaluate
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factors influencing economic efficiency (EE) of rice processing activities among
value chain processors.

Sampling Techniques and Sample Size

A purposive sampling technique was adopted. A reconnaissance survey was
conducted to identify the rice milling enterprises in Kaduna and Kano States,
Nigeria. A total sample size of 80 rice processors comprising of 41 (51.25%)
smallscale rice processors from Kano State, and 39 (48.75%) smallscale rice
processors from Kaduna State) was identified and they were purposively selected
for this study.

Methods of Data Collection

Primary data were used for this research study. The data were collected through
the use of a well-designed and well-structured questionnaire. The questionnaire
was administered to rice processors through well-trained enumerators. Data were
analyzed through the use of descriptive and inferential statistics:

Descriptive Statistics: This involves the use of mean, frequency distributions,
and percentages, to present the summary statistics of the rice processors and the
rice milling enterprises. This was to achieve specific objectives 1 (i) and 2 (ii).
Gross Margin Analysis: Gross margin (GM) and net farm income analysis of
rice milling enterprises was estimated using the following models:

GM =TR —TVC .. cee cvv v e e eev e e (1)

NFI =TR =TC ..ce oo eee ... (2)

Where
TR = Tota Revenue obtained from Rice Milling Activities (N),
GM = Gross Margin (Naira)
TVC = Tota Variable Cost (M),
NFI = Net Farm Income (Naira)
The gross margin analysis was used to specifically achieve objective 3 (iii).
Financial Analysis: According to Alabi et a. (2020), gross margin ratio (GMR)
is defined as:

Gross Margin
GMR = fressMargin

= T e (3)

According to Olukosi and Erhabor (2015), operating ratio (OR) is defined as:

_ve
OR =" ()

Where,

TVC = Total Variable Cost (Naira),

GI = Gross Income (Naira),

Therate of return per nairainvested (RORI) in rice processing is defined as:
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NI
RORI =2 o ()
Where,

RORI = Rate of Return per Naira Invested (Unit),

NI = Net Income (Naira),

TC = Total Cost (Naira).

The financial analysis was used to analyze the profitability of rice processing as

stated specifically in objective 3 (iii).

Stochastic Production Efficiency Frontier Model
According to Alabi et al. (2022), the stochastic production frontier mode! is stated
thus:
Vi =X, Bo)eti=" 6)

where,
Y; = Output of Rice Processing Facilities (Kg)
X; = Vectors of Factor Inputs
B; = Vectors of Parameters
V; = Random Variations in Rice Milling Output
U;= Error Term due to Technical Inefficiency
The stochastic frontier model, according to Obianefo et al. (2023) is defined as:

LnY; = 5, BilnX; + (Vi = Up..ooee (7
Ln = Natura Log
Y; = Milled Rice Produced (Kg)
X, = Paddy Rice (Kg)
X, = Labour Input (Manhour)
X; = Diesdl (Litres)
X, = Water for Parboiling (Litres)
X5 = Amount Spent on Firewood (Naira)
X = Depreciation of Assets (Naira)
V; = Random Noise
U; = Error dueto Inefficiency

UinN*Y(Vi(Z5)) oo 8)
They are individua variables which include: age (years), level of education
(years), processing experience (years), and household size (numbers)
This was used to achieve specifically objective 4 (iv).
Economic Efficiency (EE)
Economic efficiency was derived from the product of TE and AE for individual
rice processors. The EE of rice processing activities among processorsistherefore
specified as:
EE; = TE; XAEj . .. cee oo .. (9)
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Where,
EE;= Economic Efficiency (Number)
TE; = Technica Efficiency (Number)
AE;= Allocative Efficiency(Number)
This was used to achieve specifically objectives 4(iv) which is to determine the
AE, TE, and EE scores of rice processors, and 5 (v) which is to evaluate socio-
economic factors influencing EE of rice processing activities.
Tobit Dichotomous Regression Model: The dichotomous Tobit response model
following Gujarati (2004) is defined as follows:
V'=Xf+e
Yi" = Bo+ Pr X1+ Bo Xo + B3 X3 + o Xo + Bs Xs + e Xo + B7 X7 + Ps Xg +

1if v, =1
Y, =3Y"if 0<Y <1
0if ;" <0
Y;* = Latent or Unobserved Variable
Y; = Efficiency Score Representing EE (Number)
X, = Age of Processors (Y ears)
X, = Sex of Processors (1, Male; 0, Otherwise)
X; = Marital Status (1, Married; 0, Otherwise)
X, = Household Size (Number)
X5 = Educational Level (Years)
X, = Membership of Cooperative Society (1, Member; 0, Otherwise)
X, = Accessto Credit Facilities (1, Access; 0, Otherwise)
Xg = Experiencein Processing (Y ears)
&; = Disturbance Term,
B1 — P = Regression Coefficients,
Bo = Constant Term,

This was used to achieve specifically objective 5 (v) which is to evaluate socio-
economic factors influencing economic efficiency of rice processing activities.
Principal Component Analysis: The constraints facing rice processors and
militating against rice milling activities were subjected to principal component
analysis. Thiswas used to achieve specifically objective 6 (vi).
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RESULTSAND DISCUSSION

Summary Statistics of Rice Millers, Rice Milling Capacity, and Processing
Activities

Table 1 presented the summary of data of rice millers and processing activitiesin
Kano and Kaduna States, North West, Nigeria. The average rice paddy supplied
to the milling machine was 289, 906.0 Kg, after milling activities that helped to
convert the grain to milled rice, an average output of 217, 216 Kg milled rice was
recorded. This shows that 25.07% of the initial paddy weight was lost along the
ricevalue chain. Thisisin line with Obianefo et a. (2023) who reported that 25%
of the initial paddy weight was lost along the rice value chain. The result is also
in consonance with Sadiya and Hassan (2018) who reported that 21% of riceis
lost at the processing stage. The mean age of rice processors was 46 years, this
shows that they are in their active and productive age, age of rice processors had
an impact on the managerial capability of the rice millers. Thisis consistent with
the results of Adeyemi et al. (2017) who reported the mean age of 48 years among
rice milersin southwest Nigeria. The mean household size of rice millers was 9
members. This is in consonance with findings of Ugwanyi et a. (2008) who
reported an average household size of 6 members for rice millersin Enugu State,
Nigeria. This is aso in line with findings of Ojumu and Adeyelu (2014) who
reported an average household size of 6 members for rice millersin Cross Rive
State, Nigeria. The mean processing experience of rice millers was 12 years’, this
mean they could have acquired the good experience required in paddy rice
processing. Thisis similar to findings of Adeyemi et a. (2017) who obtained the
mean experience of 15 years for rice millers in Southwest, Nigeria. Education is
an important socio-economic factor that influence rice millers” decision because
of itsinfluence on rice processors perception, awareness, adoption and reception
of innovations the can bring about increase in profit margin. Averagely, rice
processors spent 13 years in formal learning ingtitutions, this means they are
literate and can read and write.

Thisis consistent with the results of Bime et al. (2014) who reported that 58% of
rice processors had primary education. About 88% of rice processors were male,
thisisin consistent with the findings of Ugwuanyi et a. (2008) who reported that
male dominated the rice processing activities due to the physical labour required
in handling the milling activities. The milled rice activities and trade involves
travelling from villages to villages in search of paddy rice, bagging,
measurements, loading, and parboiling which are too cumbersome for females.
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About 8% of rice processors had access to credit facilities, and the average land
owned by rice millerswas 1.52 hectares.

Table 1. Summary statistics of rice processorsand processing activities

S/N | Variables S.1. Units Mean sSD
1 Average Output of Milled | Kg 217,216.0 | 616,213.1
Rice

2 Average Rice Paddy Kg 289,906.0 | 757,113.4
3 Age Years 46 10.30

4 Household Size Number 9 3.70

5 Processing Experience Years 12 5.90

6 Level of Education Years 13 6.21

7 Sex Dummy(1=Male) 0.88 0.32

8 Accessto Credit Facilities Dummy(1=Access) | 0.08 0.27

9 Total Land Own Ha 152 1.27

Source: Field Survey (2022) SD-Standard Deviation

Analysis of Average Costs and Returns of Rice Milling per Annum

The cost and return analysis of rice processing activities was presented in Table
2. The cost incurred and revenue obtained was based on the prevailing prices as
at the time of this survey. The revenue obtained and TC of milling 217, 216 Kg
of paddy rice per annum was 139, 018, 240 Naira and 125, 496, 172 Naira
respectively. This was due to the fact that most rice mills operate on different
levels. The analysis of the cost structure revealed that rice paddy cost account for
97.02% of the TC, thisimplies that rice paddy supply is low hence the high cost
of purchase. Thisisfollowed by energy cost (Diesel) which accounted for 0.78%,
milling machine which accounted for 0.684%, and labour which accounted for
0.44% of the total cost respectively. This result is similar to the findings of
Adeyemi et al. (2017) who reported that rice paddy cost accounts for about 88%,
energy accounts for 8.5%, transport accounts for 3.2% and labour accounts for
1.6% of the TC among rice millers in Southwest, Nigeria. The TVC (124, 261,
238 Naira) and TFC (1, 234, 914 Naira) accounted for 99.01% and 0.99% of the
TC respectively. The FC consists of milling machine, depreciation of assets, and
electricity bills/taxes. The GM and net income of rice processing per annum was
14, 757,002 Naira and 13, 522, 068 Naira respectively. This shows that rice
processing was profitable in the area. The GMR and rate of return on investment
was 0.106 and 0.107 respectively. Therate of return of 0.11 impliesthat for every
one Nairainvested in rice paddy processing, 11 kobo was realized. This result is
in line with Ojumu and Adeyelu (2014) who reported an average rate of return of
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0.35 for locally milled rice at micro scale in Ogoja local Government Area of
Cross River State, Nigeria.

Table 2. Average Costs and Returns Analysis of Rice Milling per Annum

Variables Naira Per centage
Milled Rice N per Kg 640
Revenue (@ 217,216.0Kg) 139,018,240
Gross Income 168,211,135
Variable Cost
Paddy Rice (420 N/Kg @ 289,906.0 Kg) | 121,760,520 | 97.02
Firewood 141,225 0.11
Water 25,005 0.01
Parboiling/Drying 22,750 0.02
Hulling 247,120 0.196
Milling 256, 565 0.20
Grading 27,247 0.02
Sorting 23,984 0.02
Parking 17,892 0.014
Labour 555,790 0.44
Loading and Offloading 22,400 0.02
Transportation 140,750 0.11
Bagging 16, 570 0.01
Sewing 11, 270 0.008
Cost of Bags, Needle, Thread 12,670 0.01
Diesel 979,500 0.78
Total Variable Cost (TVC) 124,261, 238 | 99.01
Fixed Cost (FC)
Milling Machine and other Assets 859,250 0.684
Depreciation of Mills 26,751 0.02
Electricity Bill/Taxes 221, 370 0.176
Deprecation of other Assets 127,543 0.10
Total Fixed Cost (TFC) 1,234,914 0.99
Total Cost (TC) 125, 496,172
GrossMargin (GM) 14,757,002
Net Income (NI) 13,522,068
Rate of Return on I nvestment 0.107
Operating Ratio (OR) 0.738
GrossMargin Ratio(GMR) 0.106

Source: Field Survey (2022) 1USD =710 Naira
The summary statistics of AE, EE and TE scores of rice processors are presented

in Table 3. It was observed that there are variations among the rice miller’s
allocative, economic and technical efficiencies. All the rice processors were
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technically, alocativelly, and economically inefficient in the processing of rice
paddy. Thismeansthat their levels of efficiency werelessthan 100%. Thehighest
frequencies of occurrences of the AE, EE, and TE were between 0.61 (61 percent)
and 0.80 (80 percent). This represent 36.25%, 46.25% and 26.25% of the AE, EE
and TE scores for the sampled rice millers respectively. The mean AE, EE, and
TE of the rice millers based on their milling capacities were 0.6320 (standard
deviation=0.2022) ,0.6220 (standard deviation=0.2132) and 0.5795 (standard
deviation = 0.2561), respectively.

The Allocative (AE), Economic(EE) and Technical Efficiency(TE) Scor es of
Rice Millers

These results showed that processors can increase their rice paddy processing by
42.05%. It also shows that they can reduce their cost of processing by 37.80% to
achieve the potential minimum cost of processing relative to the efficient
processors given the current output level.

The mean TE score of 0.5795 (maximum = 0.951) for the rice millersimplies that
they are operating at 42.05% below their optimal capacity (full capacity). The
resultsimply that there are opportunities for processorsin the industry to increase
their milling capacities by engaging in activities such asentrepreneurship training,
and participate in capacity program to improve their managerial skills. Thisresult
isin consistent with the findings of Obianefo et a. (2023) who recorded TE of
0.506 for smallscale rice processors in Anambra State, Nigeria.

Table 3. Summary statistics of technical, economic and allocative efficiency

Scores
Efficiency Allocative efficiency | Economic Efficiency | Technical Efficiency
Score Frequency % Frequency | % Frequency | %
0.00-0.20 02 0250 | 03 3.75 07 08.75
0.21-0.40 08 10.00 | 12 15.00 | 15 18.75
0.41-0.60 24 30.00 | 14 1750 | 18 2250
0.61-0.80 29 36.25 | 37 46.25 | 21 26.25
0.81-1.00 17 2125 | 14 1750 | 19 23.75
Mean 0.6320 0.6220 0.5795
St. Deviation | 0.2022 0.2132 0.2561
Minimum 0.161 0.157 0.126
Maximum 0.927 0.873 0.951

Source: Field Survey (2022)
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Socio-Economic Factors Influencing Economic Efficiency (EE) among Rice
Millers

Table 4 presents the Tobit dichotomous regression model used to analyze the
socio-economic factors influencing EE of rice processing activities among rice
millers. Economic efficiency measures which is the product of technica
efficiency(TE) and allocative efficiency (AE) are regressed on age of processors,
dummy variable for sex of the processors (male = 1, and O if otherwise), dummy
variable for marital status (married =1, and O if otherwise), household size,
educational level, dummy variable for membership of cooperative (membership
=1, and O if otherwise), dummy variable for access to credit (access= 1, and O if
otherwise), and experience in paddy processing. The result of the model shows
that four (4) out of the eight (8) variables were found to have a significant
influence on the EE of rice millers. These variables included age of processors,
educational level, membership of cooperatives, access to credit facilities, and
experiencein paddy processing. The coefficient of age of processorswas negative
(-0.00106) and significant at (P < 0.05), thisimpliesthat older processors are less
economically efficient than younger processors who are more receptive to
technological changes in processing that influence efficiency. As rice processors
advanced in age, the probability of rice millers being economic efficient decreases
by 37.16%. The coefficient associated with the educational level was positive
(0.00287) and significant at (P < 0.05). This signifies that the level of education
of processors contributesto the reduction in inefficiency in paddy rice processing.
As education increase by one year, the probability of rice processors being
economic efficient increase by 16.23%. Similar results were obtained in the works
of Degefa et al. (2020), Tesema (2021) and Moges (2018). The coefficient of
membership of cooperatives was positive (0.00348) and significant at (P < 0.05).
Membership of cooperatives enables the rice processors have access to credit
facilities, purchase their inputs in bulk and also jointly sell their products at
affordable prices. As rice processors become member of cooperative group, the
probability of being economic efficient increase by 8.78%. The result also
indicated that access to credit facilities had a positive sign (0.05924) and
statistically significant effect on EE level at 5% level of significance. This also
indicated that rice processorswho use credit facilities tend to unveil higher levels
of efficiency. A change in the dummy variable representing the uses of credit
facilities by the rice processors from 0 to 1 would increase the probability of the
rice processors being economicaly efficient by about 27.67%. A significant
positive influence was al so reported by Awudu and Wallace (2016), Assefa et al.
(2019), and Tesema (2021). The coefficient of experience in rice processing was
positive (0.00272) and significant at 5% level of significance. An increase in
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experience in rice processing will lead to probability of the rice processors being
economic efficient by 6.58%. The Tobit dichotomous regression model carried
out and evaluate socio-economic factors influencing EE of rice processing
activities in North West of Nigeria was significant at one percent (1%) level of
significant (P = 0.000). The Pseudo-R? obtained is equal to 0. 6471.This result
signifies that the variables included in the regression model explained the EE of
rice processing activitiesin the study area at 64.71%.

Table 4. Maximum likelihood results of the tobit dichotomousregression

model

Variables Parameters | Coefficient | Standard | t- ME
Error Value

Constant Bo 1.2302 0.5419 227 0.0548
Age of Processors b1 -0.00106** | 0.00047 -2.25 | 0.3716
Sex of Processors B 0.03205 0.03724 0.860 | 0.2619
Marital Status B3 0.00407 0.00538 1322 | 04131
Household Size Ba 0.00807 0.00967 0.845 | 0.0176
Educational Level Bs 0.00287** | 0.00786 274 0.1623
Membership of Bs 0.00348** | 0.00866 2.49 0.0878
Cooperétives B, 0.05924** | 0.02743 215 0.2767
Access to Credit Fecilities Bs 0.00272** 0.00097 2.80 0.0658
Experiencein Processing
Diagnostic Statistics
Sigma 0.09724
LR Chi? (8) 82.85***
Pseudo R? 0.6471
Log Likelihood 57.2512
Prob > Chi? 0.00000* **

Source: Data Analysis (2022), ME=Mar ginal Effect
*Significant at (P < 0.10)., **Significant a (P < 0.05), ***Significantat (P < 0.01).

Thisimpliesthat the model has good explanatory power on the changes in socio-
economic factors influencing EE of rice processing activities among the
respondents with 99% level of confidence. The Likelihood ratio obtained is
relatively high. This shows that considering the variables included in the model
rice processing has 82.85% chance of being economically efficient in the study
area.

Constraints Faced by Rice Processorsin the Study Area

The constraints facing rice processors were subjected to principal component
analysis (Table 5). The constraints with Eigen-values greater than one were
retained by the model. Those constraints with Eigen-values less than one were

182




Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

discarded by the model. Lack of credit facilities with Eigen-value of 2.5740 was
ranked 1% based on the perceptions of the rice processors. This explained 10.37%
of all the constraints retained by the model. High cost of processing equipment’s
with Eigen-value of 2.2567 was ranked 2™ based on the perceptions of the rice
processors and this explained 10.42% of all the constrained retained by the model.
Lack of storage facilities with Eigen value of 2.0176 was ranked 3 based on the
perceptions of the rice processors and this explained 10.67% of all constraints
retained by the model. Thisresult isin consonance with the findings of Alabi and
Anekwe (2023), Alabi and Chiogor (2023). All constraints retained by the
principal component model explained 81.43% of al constrained included in the
model. These challenges are in agreement with issues raised by Sennuga et al.
(2021) who reported that rice processors in developing countries lack access to
reliable market information, additionally, poor road network makesit difficult for
processors to transport their products to access wider market option and that the
smallscale processors lack the needed knowledge and skills necessary to
maximize their production process. These findings are consistent with the study
of Akinniraand Faleye (2020) who express concerns about poor access to storage
facilities which leads to spoilage and pest infestations, and inadequate finance
which will limit the processors ability to take advantage of new market
opportunities.

Tableb5. Principal component analysis of constraints encountered by rice

processors
Constraints Eigen-Value | Difference | Proportion | Cumulative | Rank
Lack of Credit Facilities 2.5740 0.3173 0.1037 0.1037 1
High Cost of Processing Equipment 2.2567 0.2391 0.1042 0.2079 2nd
Lack of Storage Facilities 2.0176 0.1231 0.1067 0.3146 3
Bad Road Infrastructures 1.8945 0.1989 0.1178 0.4324 4th
High Cost of Input 1.6956 0.1324 0.1074 0.5398 5t
Poor Price Information 1.5632 0.1035 0.1302 0.6700 6t
Inadequate Capacity Building 1.4597 0.3318 0.0967 0.7667 7th
Lack of Extension Services 1.1279 0.1292 0.0476 0.8143 gh
Bartlett Test of Sphericity
Chi Square 204.26
KMO 0.7601
Rho 1.0000
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CONCLUSION

This study was conducted to evaluate EE of rice processing industry among rice
millers in Northwest, Nigeria. To this end, information on the socio-economic
characteristic of rice millers, the costs and returns data, TE, AE and EE of rice
processing activities were collected. The findings have demonstrated that the rice
millers were mostly male, young, energetic, resourceful and well educated. They
have large household size with 9 members and had considerable experience in
rice processing with 12 years processing experience. Averagely, about 289,906
Kg of rice paddy were purchased and 217, 216 Kg of milled rice were produced
annualy. Rice processing was profitable in the study area with an estimated net
income of 13, 522, 068 Naira per annum. Based on the results obtained from the
applied econometric models, socio-economic factors such as the age of
processors, educational level, memberships of cooperatives, access to credit
facilities, and experience in processing affects EE of rice processing activities.
The mean AE, EE and TE scores of rice millers were 0.6320, 0.6220, and 0.5795
respectively. However, it was noted that the most relevant constraints faced by
rice processors were lack of credit facilities, high cost of processing equipment,
lack of storage facilities, bad road infrastructures, high cost of inputs, poor price
information, inadequate training, and lack of extension services.

RECOMMENDATIONS

The rice paddy production should be improved through research and extension,
improved seeds variety should be provided for farmers, and farm inputs such as
fertilizers and chemicals should be adequately provided for farmers.

Strategies must be developed to facilitates producers access to production inputs
and adeguate agricultural equipment.

Credit facilities should be provided for millersat low interest rate thiswill enables
millers to have access to modern technologies and equipment’s, rice millers would
be able to increase the efficiency of their operations and ultimately increase their

profits.

Storage facilities should be constructed by government to reduce rice paddy or
milled rice spoilage and pest infestations.

The energy sectors should be looked into to reduce cost of diesel.
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ABSTRACT

Gadtrointestinal helminthes parasites create the most important health problem
of Chauries in Nepal for limiting their productivity and in some cases their
survival. A study on gastrointestinal parasites in chauries of Manang was
conducted from November to mid December 2019. Helminth parasites create the
most important health problem of Chauriesin Nepal for limiting their productivity
and in some cases their survival. Altogether a total of 100 faecal samples were
collected from Manang in zip lock bags, properly labelled, transported to the
Parasitology Laboratory of Himalayan College of Agricultural Sciences and
Technology. The sampleswer e examined qualitatively by sedimentation technique
and floatation technique for identification of helminths parasites (Soulsby, 1976).
Out of 100 samples, 31 (31%) were found to be positive for one or other type of
gastrointestinal parasites where 69(69%) samples were negative. The nematode
parasites were highest: Strongyle spp 13 (13%), Trichuris spp 9(9%), while
trematodes found to be lower; Fasciola spp 5 (5%) and all samples were found to
be negative for cestodes. Sex wise higher number of samples were positive in
fermal es (36.50%) compared to males (21.62%). Age wise number of sampleswere
positive at >6months of age (41.67%) compared to <6months of age (20%).

Keywords: Age-wise, chauries, helminth parasites, Manang, sex-wise, species-
wise

INTRODUCTION
Agriculture plays a pivotal role in Nepalese economy. About 66 percent of the
population are involved in agriculture (Pradhanang et al., 2015). Among the
agriculture commodities, livestock subsector plays significant role in the
agriculture development and economic empowerment of the country. It
contributes 24 percent in the National Agricultural GDP (Pradhanang et al.,
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2015). The Yak is long-haired large bovine with bushy tail, flat-headed and is
common in mountainous region of Nepal, Tibet, Bhutan, Northern India, China
including Mongolia and Russia. The Yak was listed by Linnaeus as Bos
grunniens, the same genus as other domestic cattle. A number of scholars had
changed this by the middle of the Nineteenth century to Poephagus grunniens on
closer examination of features distinguishing the yak from Bos (Weiner et al.,
2003). Chauries are the hybrid off-springs of yak- cattle. These are known for
their ability to withstand low temperature, and have potential to survive on coarse
fodder at higher atitude where no other ruminants can survive (Katiyar and Sinha,
1982). They are mostly black in color but white and other colors (fawn) are also
common. They are very hardy and can thrive on harsh climatic conditions and
provide milk, transport, manure and many others products such as tail and hides
in low input system (Neopane and Pokhrel, 2005).

Helminth parasites are a major problem in Chauries causing economic losses,
primarily through severe weight loss, poor meat, milk and wool production, and
impaired reproductive performance. (Joshi, 1982) has reported the incidence of
liverfluke in both yak and their cross breeds in Nepal. Similarly, Fasciola
hepatica, Echninococcus cysts and nematodes were found in yaks of Nepal
(Weiner et al., 2003). (Shrestha and Bidari, 2013) recorded the prevaence of
Srongyle, Eimeria, Ascaris, Trichuris and Amphistomum in the Chauries of
Ramechhap district of Nepal. None of the farmer had ever vaccinated their
animals. Chauri raiser are unaware of it. The common ectoparasites infestation in
Chauri is tick which is more common in summer. Besides tick, leech infestation
during rainy season iscommon problem. Most of the farmers deworm their animal
every 6 months against roundworm, fluke and tapeworm. Few farmers report that
they only deworm the animal after sign of loose stool and diarrhoea. However,
there are no any research conducted and data found on helminthes parasites in
Chauries in Manang. These data may be useful for the planning measures to
control gastrointestinal parasitic diseases and to measure impact on productive
performance of Y ak and Chauri.

National Research Scenario

Qualitative analysis of 44 fecal samples of yaks from Lehe VDC of Manasiu
Conservation Area showed the positive for parasite in 36 samples (81.82%).
Srongyle showed the highest infection (47.23%) while the least was with
Amphistomum (8.34%). Infection with Trichuris, Ascaris, Eimeria were aso
reported in the present study. The pattern of infection was both mixed (52.78%)
and single (47.23%) (Byanju et al., 2012).
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Fifty-two fecal samples of Chauries from Gumdel VDC of Ramechhap district
were analysed for study of gastrointestinal (Gl) parasites and 47 samples were
found positive representing 90.38% prevalence. The mode of infection was either
mixed (57.44%) or single (42.55%). Among the gastrointestinal parasites,
Strongyle (52%) showed the highest infection followed by Eimeria (23.07%),
Ascaris (19.23%), Trichuris (11.53%), and Amphistomum (5.76%) (Shresthaand
Bidari, 2013).

To determine the prevalence and associated risk factors of gastrointestinal and
liver parasitesin yak in the cold desert area of the Mustang District, Nepal, fecal
samples were collected over a period of three months from 96 yaks from the high
Himalayan District of Mustang, Nepal. The samples were tested for the presence
of parasitesby direct smear, sedimentation, and floatation techniques. Y ak herders
were surveyed with pre-tested questionnaires by participatory appraisals to
explore their knowledge and awareness of parasitic diseases and hedlth
management. Examination of fecal samples revealed that 82 were positive for one
or more parasites, giving an overall prevalence of 85.42%, in which 6.25% had
single and 79.17% had multiple parasitic infections. Animals with poor body
condition scores and young age were more susceptible than their counterparts
(Acharyaet al., 2016).

I nter national Research Scenario

To investigate seasonal prevalence of parasitic infection of yak in two yak rearing
districts (West Kameng and Tawang) of Arunacha Pradesh, India showed that
out of 895 sample fecal samples, 5.47% samples were positive for protozoa and
helminth infections. Infection rate was the highest during spring followed by
rainy, autumn and winter seasons. The highest prevalence was of Strongyle
(51.02%) followed by Eimeria (34.69%), Trichuris globulosa (14.28%),
Srongyloides (10.20%), Dicrocodlium and Mammomonogamus laryngeus
(8.16%) Amphistome spp and Toxocara vitulorum (6.12% each) and Fasciola
gigantica (4.08%). On necropsy unilocular cysts of Echinococcus granulosus and
adult worms of Fasciola gigantica were isolated and identified. Analysis of data
revealed that, infection was morein unorganized herd compared to organized herd
(Bam et al., 2012).

Occurrence of gastrointestinal parasites in domesticated yaks of North and East
districts of Sikkim was studied during the year 2001 to 2008. Of the 4,792 animals
examined, 991 (20.68%) were found positive for different gastrointestinal
parasites. The overall occurrence of different parasites recorded was Strongyles
(17.36%), Strongyloides spp. (4.34%), Coccidia (4.55%), Toxocara spp. (2.25%),
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Trichuris spp. (2.88%), Amphistomes (0.52%) and Moniezia spp. (3.07%). The
infestation was more in Sub-Alpine low humid area (29.34%) as compared to
Alpine dry zone (19.0%) and Cold Desert zone (10.05%). The faecal egg counts
(eggs per gram) of nematodes ranged from 100 to 2 900, with higher loads during
rainy and post-rainy seasons. The infection was higher in calf (1-5 months) and
the parasites mostly recorded were Haemonchus spp., Toxocara spp. and Eimeria
spp. The seasonal distribution of parasitism indicated a higher percentage of
infestation in autumn (26.02%) and summer (21.57%) as compared with spring
(20.65%) and winter (13.73%). On copro culture of positive samples, the
nematode infestationsin order of prevalence were Haemonchus spp, Bunostomum
spp, Oesophagostomum spp and Nematodirus spp (Rahaman et al., 2010).

The helminthol ogical survey carried out on ruminants of Ladakh during (Oct.2007
- Sep.2008) revedled that out of the 19 and 14 samples of wild and domesticated
yaks examined 9 (47.36%) and 6 (42.85%) were found positive for trematode
infection. It was observed that the intensity of infection was higher in wild as
compared to domesticated animals. The prevalence of these parasites was found
to vary with respect to various factors, viz; season, age, and sex. Of these, the
most important factor responsible for the prevalence of helminthes parasitesin the
both host species (wild and domesticated) was climate. During rainy season the
prevaence was higher (47.36%) as compared to the dry season (42.85%). The
study also revealed a difference in prevalence with respect to the age of the host.
The animals below 3 years were more infected (50.00%) as compared to those
who were above three years and below ten years (33.33%). The prevalence of
infection was found again increasing 6/11 (54.54%) with respect to the increasing
age. The eggs collected from the samples were identified as Fasciola gigantica,
Fasciola hepatica, Paramphistomum cervi and Dicrocoelium dendriticum.
Identification of eggs was done on the basis of various morphological and
morphometric characters (Kuchai et. al., 2010).

The study (Goswami et al., 2013) in Arunachal Pradesh and Sikkim showed that
(26.31%) yakswerefound positivein Arunachal Pradesh and (20.00%) Y akswere
found positive in Sikkim for gastrointestinal parasitic infection with overall
prevalence of 24.13%. The percentage of infection of Srongyle spp. and Eimeria
spp. were 95 % and 10% in Arunachal Pradesh and 75% and 25% in Sikkim,
respectively. Mean faecal egg counts of infected yaks in Arunachal Pradesh and
Sikkim were 185 and 168 respectively. It can be concluded from this study that,
although a moderate percentage of yaks were suffering from gastrointestinal
parasitic infections with less faeca egg count which was responsible to
contaminate the pasture and aid the spread of infections to healthy yaks.

191



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

This study was carried out to study gastrointestinal parasites of migratory
Chauries in Manang district, determine sex-wise occurrence, determine age-wise
occurrence of gastrointestinal parasites of migratory chauries.

MATERIALSAND METHODS

Study Site

The study was conducted in the Manang district in the western Nepal. It islocated
at 28°40'0N 84°1'0E with an atitude of 3,519 metres above sealevel (11,545 ft).
The district, with Chameas its district headquarters, covers an area of
2,246 km2 (867 sg mi). Its population density is 3persons’km?. This study was
carried out during November to mid-December, 2019. The sampleswere collected
from Upper Pisang, Lower Pisang, Humde, Brakha, Manang Village, and some
chauri sheds situated at Upper Manang (up to 4000 meters above sea level).

Collection of Samples

Random sampling techniques were used to select the animals for collection of
fecal samples in this study. Samples were collected per-rectally using surgical
gloves or collected opportunistic fresh fecal samples. Collected sample were kept
in labelled, individual, clean sample collecting plastic zip lock bags each sample
was labeled with description of the animal which include: name, age, sex. It was
preserved with an equal volume of 5%-10% buffered formalin for fixation of
samples (Hendrix, 2006). Collected fecal samples were stored inside refrigerator
at 4°C until the time of examination if processing was not possible to prevent the
development and hatching of the egg (Kassa, et a., 2016). The plastic bags were
kept in ice box and transported to parasitology lab of HICAST for laboratory
examination.

Qualitative Sedimentation method
The sedimentation technique as described by Soulsby (1978) was used to detect
the presence of eggs of parasitesin the samples.

Procedure for sedimentation technique

About 3 grams of faeces were grinded with water in mortar and pestle and the
suspension was passed through a coarse mesh sieve and the debris was discarded.
Thefiltrate was allowed to stand for 5 minin abeaker. Then, the supernatants was
discarded and sediment was re-suspended with water (till the suspension became
clear), and allowed to sediment for next 5 minutes. Finally the supernatant was
discarded and few drops of the sediment were placed on a grease-free glass dide
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and observed under the microscope in low magnification (10X and 40X);
Microscopic examination was performed for the detection of eggs of helminthes
parasites as described by Soulsby (1978).

Flotation method

The floatation technique iswidely used for the detection of nematode and cestode
eggs. Eggs of cestodes and nematodes are relatively small and light. This
techniques, ensures the eggs to float in the floatation liquid.

Procedurefor flotation technique

About 3 g of faecal sample was grinded in mortar and pestle and few drops of
water was added and again grinded to make uniform suspension. Then filtered
through a tea strainer into beaker. It was then transfer into test tube and added
50ml of floatation fluid, saturated NaCl solution The test tube was tube was placed
on test tube stand Cover dip was gently placed on top of test tube And left for 20
min and then cover dip was placed on a slide and examined at 10); Microscopic
examination was performed for the detection of eggs of helminth parasites as
described by Soulsby (1978).

RESULTSAND DISCUSSION

Overall occurrence of Parasites
Out of 100 faecal samples, 31 samples were found to be positive for one or more
type of gastrointestinal parasites where 69 samples were found to be negative.

Figure 1. Prevalence of helminth parasitein sampled population
Species-wise occurrence of Parasites

Out of 100 feacal samples examined, the nematode parasites was found to be
highest (22%) followed by trematodes (9%) and all samples were found to be
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negative for cestodes. The most common parasites encountered were Strongyle
spp. 13 (13%), Trichuris spp. 9 (9%), Fasciola spp 5(5%) and Paramphistomum
spp. 4 (4%), all samples were found to be negative in cestodes.

Table 1. Species wise occurrence of parasitesin the study site

Species Number Of Positive Samples (%)
Fasciola spp 5 (5%)

Paramphistomum spp 4 (4%)

Strongyles spp 13 (13%)

Trichuris spp 9 (9%)

Age-wise occurrence of parasites

Samples from different age group were collected and studied for gastrointestinal
parasitesinfestation. Age-wise, the highest presence of gastrointestinal parasites
were found to be in the group of >6 months 25(41.67%) and lowest in the group

of <3months 0 (0%).
Table 2. Age wise occurrence of different parasites
Age Total Fasciola Paramphistomum Strongyles | Trichuris
(months) | Sample spp spp spp spp
0-3 10 0 0 0 0
3-6 30 3 1 1 1
>6 60 8 3 6 8
Table 3. Age wise occurrence

Age Positive Sample (%)

0-3 months 0 (0%)

3-6 months 6 (20%)

>6 months 25 (41.67%)

Table 4. Sex-wise occurrence of parasitesin the study population

Sex Total Positive Percentage

Male 37 8 21.62

Female 63 23 36.50
DISCUSSION

The present study was carried out to find out the gastrointestinal parasites in the
migratory chauries of Manang district of Nepal. The rate of gastrointestinal
parasites is influenced by the climatic conditions, deworming practice, habit and
habitat of animals, sanitary condition and feeding. In the present study, the overall
occurrence of gastrointestinal parasites was found to be 31%.
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Byanju et al., (2012) in Manaslu conservation area found 81.82% positive cases
of gastrointestinal parasite in Y aks which is higher than my study, and the higher
prevalence may be due to dense stocking of the chauries and no deworming
practices plus the samples collected on present study was on winter season where
the larvae of the parasites may not hatch easily due to cold climatic conditions.
The major reason of low prevalence in present study may be due to extremely
cold climatic condition.

Shrestha and Bidari (2013) in Ramechhap found 90% prevalence of the
helminthes parasite in chauries which is higher than the present study, which may
be due to favorable agro climatic conditions of that place, constant exposure of
infestation and availability of infective stage larvae on the grazing ground because
of favourable climatic condition and lesser altitude.

Acharya et al., (2016) found the prevalence 85.42% of gastrointestinal and liver
parasite in yaks of lower Mustang which is higher than our finding, this may be
due to the lack of treatment in the yaks of that area and also may be related to
warmer climatic condition and humidity.

Rahaman et al., (2010) found 20.68% prevaence of Helminthes parasites in
domesticated Y aks of Sikkim which issimilar to present study. But prevalence of
trematode was not observed in this study, which might be due to the absence of
intermediate host snail in the much cold climatic condition of Sikkim. The
composition of different parasites recorded was Strongyles, Strongyloides spp.,
Coccidia, Toxocara spp., Trichuris spp. Amphistomes and Moniezia spp. The
infestation was more in Sub-Alpine low humid area (29.34%) as compared to
Alpine dry zone ((19.0%) and Cold Desert zone (10.05%). The faecal egg counts
(eggs per gram) of nematodes ranged from 100 to 2900, with higher loads during
rainy and post-rainy seasons. This finding was may be dueto the fact that the study
was carried out from 2001 to 2008 which revealed more gastrointestina parasites
in along duration.

Kuchai et al., (2010) reported the total prevalence of 45.45% of helminths parasite
in Ladakh which is higher than our study. The yak of Ladakh both wild and
domestic made no exception regarding helminthes infection as is the case with
other ruminants of thisregion. Other ruminantswere also infested with the similar
types of helminthes parasite. The constant exposure of the domestic ruminants
with the Y aks may have spread the infestation.
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Goswami et al., (2013) reported the prevalence of 26.31% of helminthes parasite
in Arunachal Pradesh, India which is amost similar to the present study. The
similarity might be due to similar climatic condition for the parasite
epidemiology.

One of the reasons for lower prevalence during this study might be sampling
period, which was during the month of November and December. This period is
the peak winter season, which is not the main period for helminth infection in the
grazing animals in Nepal. Thus, the dry winter season limit development and
survival of parasite stages in the environment and as a result, host contact and
parasite transmission is also simultaneoudy reduced. So, this can conclude the
low prevalence rate observed during the study. The lower prevalencein this study
may be due to the higher altitude and location of my research area. The grazing
pasture land of chauries consists of herbal medicinal plants which prevent them
from suffering from helminth parasites and those plants might also have acted as
adeworming agent. The chauriesfound in Manang are sometimes acquainted with
the other ruminant animals like mountain sheep & mountain goats (Chyangras)
but the chauries dwell on the higher atitude due to which the transmission of
parasites from other animals is minimal. Also the chauries are sometimes
dewormed when they severely show some gastrointestinal disorders like diarrhea
and constipation so this might have played amajor role in reducing the number of
positive casesin my study.

CONCLUSION

A total of 31 samples showed positive cases representing 31% positive. During
the study, it was found that the farmers were not familiar about helminth parasites
of Chauri. However, somefarmerswere familiar with the deworming of Chauries.
The present study indicated that sex and age are important factorswhich influence
the occurrence of gastrointestinal helminth parasitic influence in Chauries.
However, the combination of strategic use of anthelmintics with traditional
veterinary medicine and good management practice could improve the control of
helminth parasitic infection in Chauries.

SUGGESTIONS

This finding shall be taken into account when formulating control strategies for
gastrointestinal helminths in chauries and other ruminants of that region as well.
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It is suggested to carryout detailed study on identification and epidemiology of
helminths parasites of Chauri in different areas of country. This may help in
developing the strategic control program.
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ABSTRACT

The study was conducted during winter season of 2022 at National Wheat
Research Program of the National Agriculture Research Council at Omsatiya,
Rupandehi with the objective to identifying appropriate seeding rate for
promising wheat genotypes. The experimental design was split pot with three
replications. The main plot comprised of three seeding rates (90,120 and 150
kg/ha) and sub plot consisted of six promising wheat genotypes (NL1330, NL1345,
NL1425, NL1450, BL1488, Bandganga (control)). Results revealed that among
the tested genotypes, NL 1450 produced the highest grain yield of 4471kg/ha at
seeding rate of 150kg/ha which was statistically at par with 120 kg/ha followed
by BL1488 at seeding rate of 120 kg/ha. That genotype NL 1450 also had the
maximum number of kernels per spike as compared to other genotypes. The
genotypes X seeding rate interaction effect on all the yield attributing characters
was found statistically non-significant. However, genotype NL1450 being the
highest grain yielder should be tested further for confirming its superiority for
release.

Keywords: Seeding rate, wheat, genotypes, yield, harvest index,
INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most important staple cereal crops

grown throughout the world providing a significant source of food and nutrition

to human aswell asto thelivestock. Wheat is consumed in most areas of the globe
for nutrition of the population. It has been estimated that wheat is contributing to
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almost one fourth of thetotal dietary energy and protein to the diets of developing
countries. Obvioudly, there is a high demand for wheat globally. Demand for
surplus wheat production is related to the health and nutritional status of the
people. Similarly, in the global context, wheat is grown in the largest area than
any other food crops or cereal crops. In 2000, the world production of wheat was
761 million tones, making it the second most produced cereal crop after maize
(Haiyan, 2014). Whest is the third most important cereal crop largely grown in
rice-wheat cropping system, and occupies more than 30% of the rice areaand 80%
of thewheat areain Nepal (NWRP, 2015). As per the Ministry of Agriculture and
Livestock Department 716,978 ha. of land is under wheat cultivation with the total
production of 2,144,569 Mt (MoALD, 2078/79). The highest production of wheat
was done on Madhesh province which is 628,909 Mt. and the least in Gandaki
province that is 99,038 Mt. Wheat has been contributing only 5.67% of the
national GDP (MoALD, 2079/80).

There isincreasing demand of wheat and its products as the population has been
increasing. These data indicate the urgency of developing new high yielding
wheat genotypes with optimum planting density, sowing time and seeding rates
for increasing the total wheat yield in the country. Even two decades back, Gelata
et al., (2002) had reported that optimum seeding rate is an important production
factor for achieving higher grain yield in most of the crop fields. Seeding rate
affected plant population, days to flowering, plant height, grain yield, kernel
weight, flour yield, flour protein, and mixing time and tolerance of wheat.They
therefore suggested that seeding rate should be considered as a factor in obtaining
higher grain yields with good end-use quality. This study was conducted with the
objective of identifying optimum seeding rate for promising wheat genotypes
being tested at the NWRP.

MATERIALSAND METHODS

Description of the study area

The experiment was conducted in the National Wheat Research Program
(NWRP), Omsatiya, Rupandehi. The climate is of subtropical type with three
distinct seasons, summer, rain and winter. The meteorological data such as
temperature, relative humidity and total rainfall during the entire experimental
period (December 2022 to April 2023) was recorded from the meteorological
station of NWRP, Bhairahawa, 2022-2023.
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The mean maximum and minimum temperaturesin the research sitewere 31.12°C
in March 2023 and 19.2°C in January 2023. The maximum of 71.1 mm in April
and minimum of 0 mm rainfall was recorded in the month of December 2022,
January and February of 2023. The relative humidity ranged from 96.2 % in
December 2022 to 57.6 % in April 2023.

Selection of plant material

SN | Genotypes Notation
1. NL1330 Gl

2. NL1345 G2

3. NL1423 G3

4, NL 1450 G4

5. BL1488 G5

6. Bandganga (Control) G6©

A total of five promising and one released (Control) wheat genotypes available at
NWRP were used in the experimental field (Tablel).
Table 1. Wheat varieties selected for the study, NWRP, 2022/23

Details of treatment and experimental design

Design: Split plot; Main plot: Seeding rate (T1-T3) @ 90,120 and 150 kg/ha); Sub
plot: Genotypes (G) (six genotypes); Replication: 3; Total no. of treatments: 18
(3 main plot and 6 sub-plots); Plot size: 4m*2m; Replication-replication distance:
1 m; Plot-plot distance: 0.5 m. Number of plants used for measurement per
replication = 20.

Agronomic practices

Seeds the selected genotypes sown in December 1%, 2022.

Tagging, and weeding were done as appropriate.

Irrigation was provided during CRI and flowering stages.

Recommended doges of the chemical fertilizers were applied at the rate of
120:50:50 kg/ha (N: P2Os:K 20, respectively). The fertilizersviz. DAP, MOP and
urea were applied @ 108.7g/plot, 83.3g/plot and 87.9g/plot (in 2 equal doses),
respectively.

Harvesting was done manually on different dates after the plant attained maturity.

From each plot grain of different genotypes were collected and the yield was
measured.
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Data measur ement

The datawere collected at the different growth stages and after harvesting aswell.
Various yield attributing traits such as number of tillers per sgm, spike length,
effective tillers, no. of kernels per spike, kernel weight per spike, kernel yield,
straw (above ground bio-mass) yield were measured employing standard
methods. Likewise, 1000 kernel weight and harvest index (HI) were cal culated.

RESULTSAND DISCUSSION

Effect of seeding rate and genotype X seeding rate on:
a. Tillersper sgm

Number of tillers per sgmisanimportant yield attributing character, and increased
with seeding rate (Table 2). It ranged from 195 to 343 per sgm in this experiment.
It was found that genotype NL1450 (G4) had the satistically significant
maximum number of tillers per sqgm (343) with seeding rate @ 90 kg/ha as (Table
2). Genotype 2 had the highest numbers of tillersat seeding rate 120 kg/ha as well
and Bandganga (Control) had the least. The number of tillers increased in al
genotypes with the increase in seeding rate from 90 to 120 kg/ha. It should
however be noted that the number of tillers per sgqm was statistically higher in G4
only as compared to Control (G6). Genotype X seeding rate interaction was not
found statistically significant. This result agreed to Gelata et a., (2002), and
Iqtidar et a., (2010).

Table 2. Effect of seeding rate and genotypeon tillers per sqgm

Genotypes
Treatments Gl G2 G3 G4 G5 G6©
T1:90kg/ha | 230 245 195 229 242 202
T2: 120 kg/ha | 274 314 252 270 254 229
T3: 150 kg/ha | 313 309 313 343* 296 290
LSD=46.6
CV%=10.8

b. Number of kernelsper spike

The number of kernels per spike and kernel weight contribute to yield depending
on agro-ecological conditionsaswell as genotype. From the statistical data, it was
evident that the seeding rate X genotype interaction was found non-significant
with the number of kernels per spike. At seeding rate of 90 kg/ha, genotype
NL1330 (G1) had the highest humber of kernels per panicle while genotype
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NL1345 and NL1425 had the least. Similarly, NL1450 (G4) had the highest
number (49) of kernels per spike at seeding rate 120 kg/ha and 150kg/ha (Table
3). These differences were statistically significant as compared to G6 (contral).

Table 3. Effect of seeding rate and genotype on number of kernels per spike

Genotypes
Treatments Gl G2 G3 G4 G5 G6©
90kg/ha 49* 42 42 46 44 40
120kg/ha 44 41 46 49* 43 39
150kg/ha 43* 40 39 49* 38 34
LSD=7.9
CV%=10.5

c. 1000 kernelsweight
Already released variety Bandganga had the highest kernel weight as compared
to all the other promising genotypes (Table 4). These differenceswere statistically
significant. Although statistically insignificant the seeding rate X genotype
interaction was found indirectly proportional.

Table 4. Effect of seeding rate and genotypes on 1000 kernels weight (g)

Genotypes
Treatments | G1 G2 G3 G4 G5 G6©
90kg/ha 39.00 38.16 34.00 3859 | 4183 | 4957
120kg/ha 39.37 36.15 36.97 3511 | 4093 | 47.89
150kg/ha 38.77 36.63 34.99 3344 | 4045 | 48.49
LSD=4.32
CV%=7

d. Adjusted grainyield (AGY)
Statistically, it was found that the seeding rate and seeding rate X genotype
interaction was found significant with the adjusted grain yield at 0.05 level of
significance. It is evident from Table 5 that genotype NL1450 (G4) had the
dtatistically significant and the highest adjusted grain yield at seeding rate 120
kg/haand 150 kg/ha as compared to G6 (Control) and other promising genotypes.

When a graphical representation of the comparison was done (Figure 1), it was

found that there was 9.4% increment in the yield of NL 1450 followed by BL 1488
with 6.0% yield increment.
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Table 5. Effect of seeding rate and genotype on adjusted grain yield (Kg)

Genotypes
Treatments | G1 | G2 G3 G4 G5 G6©
90kg/ha 3936 | 3366 3961 4029 3826 3914

120kg/ha 3924 | 3655 3754 4291* 4125 3819
150kg/ha 3842 | 3541 3845 4471* 4445* 3959
F_ta * * *
LSD=363.5
CV%=4.9

5.0 .
<00 01 0.0

| |
NL1330 5 NL ZI:423 NL 1450 BL 1488 Bandganga
(Check)

Yield increment over check

-9.7
-15.0 Genotypes
Figure 1. Graph showing theyield increment over control variety
Straw yield
Straw is an important output of wheat. It is used for bedding of livestock and then
for compost making. Genotype NL1330 (G1) was found to have the statistically
significant and the highest straw yield at all three seeding rates (90kg/ha, 120kg/ha
and 150kg/ha). Also, all the seeding rates and genotypes had more or less similar
amount of the straw yield which were higher than in control genotype (Table 6).
Table 6. Effect of seeding rate and genotype on straw yield (kg)

Genotypes
Treaments | G1 G2 G3 G4 G5 G6©
90kg/ha 4444 | 3720 3771 | 3963 3826 | 3507
120kg/ha 4431* | 3952 3653 | 4359* | 4106 | 3593
150kg/ha 4606* | 3717 3799 | 4283 | 4549* | 3517
LSD=585.8
CV%=86

204



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

e. Harvest Index (HI)
Fromthe Table 7, all the seeding rates had comparatively similar harvesting index
as per each genotype. Hence, there was no any benefit of using higher seeding
rate. The cotrol genotype had the highest HI as compared to al promising
genotypes. The difference was statistically significant. It was due to lower straw
yield of the control genotype as compared to all promising genotypes.

Table 7. Effect of seeding rate and genotype on harvest index (%)

Genotypes
Treatments | G1 G2 G3 | Ga G5 G6O©
90kg/ha 47 48 52 50 50 53*
120kg/ha 47 48 51 50 50 52*
150kg/ha 46 49 51 51 49 53*
LSD=0.028
CV%=33
CONCLUSION

From the research experiment, genotype NL1450 was found to be the high
yielding genotype with theyield of 4471 kg/ha at the seeding rate of 150kg/haand
had the highest kernels per Spike (49). All the growth and yield parameters of
wheat was non-significantly influenced by the genotype X seeding rate
interaction. However, grain yield was increased with the increased seeding rate.
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ABSTRACT

In rangelands, the relationship between plants and animals does not change in
equilibrium vegetation conditions. However, the flora's composition is negatively
impacted by the emergence of new biological processes and a noticeable decrease
in plant growth vigor. The amount of grazing, one of the most crucial management
factors, greatly affects the composition and structure of the grassland ecosystem.
In non-grazed environments, highly palatable species typically predominate the
herbage cover, while in grazed areas, non-palatable species prevail. When the
herbage approaches the source of the grazing gradient, the concentrations of CP
increase rapidly, while those of NDF and ME decrease rapidly. Animals can
obtain certain elements from plants, which determines the nutritional value of
feed. Variables such as light, temperature, and maturity all have a major impact
on a plant's composition, albeit different types of plants differ in thisregard. The
edaphic and other biological factors have a considerable impact on the herbage's
nutritional value. Early maturity is associated with a declinein CP content, while
higher temperatures, more precipitation, and more biomassyield result in afaster
allocation of biomass. The nutritional value of the herbage is determined by the
regeneration of leaf portions after grazing causes the upper vegetation to become
defoliated. This review focuses on the fundamental elements influencing the
nutritional content of the herbage in rangelands, as grazing is a significant
component in defining the quality of grasslands. The information is gathered
using an available literature survey. The primary causes of the variables
influencing the herbage's nutritional value in rangelands have been identified and
compiled.

Keywords: Grazing, nutritive value, tillering, palatability, leaf: stem ratio
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INTRODUCTION

Plants and animals constantly interact within the rangeland ecosystem
(McNaughton, 1979). Due to increase in human and livestock populations puts
overgrazing pressure in pasturelands and rangelands that causes a significant
reduction in the vigour of plant growth, reproduction ability and poor growth and
establishment of important valuable plant species which leads to changed
botanical composition (Heitschmidt et al., 1987). The structure and composition
of the grassland ecosystem are highly influenced by grazing intensity which isa
key management variable (Hickman et al., 2004). Heavy grazing changes in
vegetation composition from more palatable grasses and sedges to less palatable
grasses and forbs have been reported in northwest China (Sun et al., 2018).
Grazing intensity affectsthe response of plant speciesrichness. (Deng et al., 2014)
reported that plant species richness decreases with increasing intensity of grazing
in the grassland ecosystem. The author reported that at moderate and light grazing
intensities observed the highest plant species richness. Spatial heterogeneity in
light, soil nutrient availability and vegetation community dynamics is due to the
random grazing pattern which can reduce plant competition with environmental
resources because the vegetation existsin patches (Bakker et al., 2003). Moderate
or light grazing intensity can promote the vegetation diversity within patch scale,
but heavy grazing intensity can lead to a decrease in the paatable species
(intolerant to grazing) and results in an increase in unpalatable species which are
more tolerant to grazing (Watt & Gibson, 1988). The density of highly preferred
palatable plant speciesfor livestock grazing are decreased due to the over grazing
pressure in rangeland(Warren et al., 1986).Species richness, diversity and forbs
cover intall grassprairie are significantly increased by grazing practices(Hickman
et al., 2004).Heavy grazing increased speciesrichness and diversity but decreased
forage quality and production in subalpine grassland in the eastern Pyrenees
(Andorra)(Komac et al., 2014). Maintenance of grassands is strongly dependent
on the maintenance of biodiversity (Hartnett et al., 1996).The herbage cover in
non-grazed site predominated mainly of high palatable species while non-
palatable species predominated in the grazed site. The grass species are
significantly higher in un-grazed sites as compared to a grazed site but forbs
species were considerably decreased. The amount of litter was greater inside the
un-grazed site and the more bare ground was identified in the grazed site (Amiri
et al., 2008).
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The current analysis generally clarifies that one of the factors influencing the
botanical composition of the herbage, the abundance of palatable species, and the
speciesrichnessin grassandsis the intensity of grazing.

Effect of grazing on nutritive values of forage

Grazing could influence the herbage nutritive value due to the use of young and
protein-rich re-growth and to replace the older senescent parts of herbage (Albon
& Langvatn, 1992).The CP concentration increases in re-growth of new tissues
under grazing pressure and then maturation and lignification process of herbage
species are delayed(Garcia et al., 2003). Furthermore, grazing could raise the
nitrogen availability in the soil through animal excreta and increase the rate of N-
mineralization in soil, which enhance the amount of CP in herbage (Shan et al.,
2011). The finding indicated that different herbage species have different
strategies in adapting to grazing, including grazing avoidance (lower palatability)
or grazing tolerance (greater re-growth ability) (Zheng et al., 2011). Nutritive
value and yield of forage changes along with grazing gradient where sudden
changes in vegetation composition of the community. At the grassland, rapid
replacement of perennial grasses or forbs with weedy persistent annual forbs then
the nutritive value of herbage could be changed. The CP concentration in herbage
increased rapidly in approaching the source of the grazing gradient and whereas,
NDF and ME concentration decreased rapidly(Sasaki et al., 2012). The quality of
herbage was significantly higher in livestock grazed early in the season or
continuously. Increased the herbage quality with increasing intensity of grazing
as younger herbage and maintained re-growth was continued during the green
season(Henkin et al., 2011). Different grazing intensities of cattle affects sward
parameters such as diversity of plant species, the structure of sward, herbage
growth and forage quality. The total biomass production was higher under the
intensive grazing than the extensive grazing. Total crude protein (CP) contents
and digestibility of forage were higher under intensive grazing. The crude fibre
(CF) content showed a reverse effect (Pavlu et al., 2006). The nutritive value of
forage plays a significant role in animal nutrition and management of grassiand
ecosystem in a sustainable manner and quality of forage is affected by grazing
management. The concentration of crude protein (CP) in the plot of heavy grazing
pressure through all season and heavy grazing in spring and summer and moderate
grazing in autumn were higher than rest grazing in spring, moderate grazing in
summer and heavy grazing in autumn and rest grazing in spring, heavy grazing in
summer and moderate grazing in autumn. The nutritive value of L. chinensiswas
more responsive to grazing disturbance than Artemisia spp. AndC. duriuscula,
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and heavy grazing maintained a relatively high crude protein content in all
species(Zhai et al., 2018). The use of complex mixture (more than three species)
of herbage may increase the production of pasture and the productivity of mixture
is affected by the management of grazing. When the sward reached 25 cm in
height (SH) produced 30% more dry matter (DM) than the afalfa reached a bud
stage (MP). The SH stage produced herbage of better nutritive value than MP
stage at first harvesting of the year because they produce more crude protein (CP),
in vitro true dry matter digestibility (IVTDMD) and less acid detergent fibre
(ADF) and neutral detergent fibre (NDF). More consistency in yield of DM in a
complex mixture of forage species than binary legume-grass mixture or grass
monoculture in variable environments(Deak et al., 2009). The clipping
frequencies affect the cumulative yield of herbage. The canopies clipped at 6-
week intervals produced more herbage than those clipped at 3-week intervals.
Fluctuations in the in vitro organic matter disappearance (IVOMD) and crude
protein (CP) were related to changes in sward composition arising from the
interaction of time and clipping frequency. The greater the CP concentration when
sward clipped at 3-week intervalsthan those clipped at 6-week intervals.Canopies
clipped at 3-wk intervals hadrelatively constant NDF over the growing season,but
those clipped at 6-wk intervalsincreased in NDFas the growing season progressed
(Belesky et al., 1999). Key herbage species had significantly higher in vitro
organic matter digestibility (IVOMD) and crude protein (CP) content in rainy
season than in dry season but neutral detergent fibre (NDF) and acid detergent
fibre (ADF) did not vary significantly with the season. The above-ground biomass
of herbage was significantly higher in the rainy season than the dry season. Cattle
spent considerably more time for grazing and goat for browsing in the rainy
season than the dry season(Selemani et al., 2013). The availability of nutrientsin
the plat for animal determines the nutritive value of forage. This availability is
controlled by the chemical composition of the forage in respect to factorslimiting
the utilization of cellulose and hemi-cellulose. These include lignin, silica, and
the total amount of plant cell wall substances. An important part of nutritive value
is that of consumption or voluntary intake which is partly related to cell wall
content and bulkiness of the forage. The composition of the plant is controlled to
a large extent by light, temperature, and maturity factors, but different plant
species vary individually in this respect(Van Soest, 1969).

Overall, the literature that is currently available indicates that grazing modifies
the nutritional value by raising the concentration of crude protein and the
digestibility of the growing shoots; however, additional edaphic and biologica
processesmay also beat play. It isalso assumed that the speciesthat can withstand
grazing may continue to exist with a higher fiber content.
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Effect of environmental factor on the nutritive value of herbage

More precipitation in a year correspondingly increase the soil water availability
and thus promote biomass production of herbage, which might induce the dilution
of CPinthe herbage biomass (Grant et al., 2014). Higher the concentration of CP
in herbage biomass in wetter year due to increased availability of nitrogen to the
plants because of accelerated N-mineralization(Austin et a., 2004),and higher
capacity to herbage to assimilate nitrogen (Xu and Zhou, 2006). Meanwhile,
drought condition could cause severe water stress to herbage resulting in rapid
plant maturation and thus decrease N-concentration in herbage(Schiborra et al .,
2009;Wang et al., 2011). Nutritive value of forage was decreased at higher
temperature and changes the identity of species and changes to phenology and
physiology. Where raised temperatures reduce the nutritive value of grass and
similarly may increase methane production by 0.9% with 1° C temperature rise.
Increase the concentration of neutral detergent fibre (NDF) by 0.4% every 1°C
rise in temperature during the sampling period. NDF was affected by the
photosynthetic pathway, with the NDF content of C, species than Cs species.
These Cugrasses were commonly founded at warmer sites, so NDF content was
greater in tropical herbage. They pointed out that the cultivation of nutritious rich
forage plants and reduced animal farming in a warmer region may reduce the
pastoral greenhouse gas emission(Lee et al., 2017). The influence of
environmental factors like light, temperature, drought, soil nutrients influence on
forage quality (chemical composition and digestibility) of temperate and tropical
grasses. Change in climatic and edaphic factors influence the quality of legume
forage with variablelevels of condensed tannins, which is animportant secondary
compound of some tropical and temperate legume species. Properties of tannin
and their positive and negative effect influenced on forage quality of legumes.
The accumulations of condensed tannin in temperate and tropical legumes were
affected by temperature, drought, CO.concentration, the season of the year and
soil fertility. The result founded that higher temperature alone can significantly
increase the accumulation of condensed tannin in some temperate legume forage
species but not all species. High nutritive value of herbage is characterized by the
high concentration of crude protein (CP), high concentration of cellulose
digestible organic matter (CDOM), and low concentration of neutral detergent
fibre (NDF). For al herbage species, nutritive value is higher in the wetter year
than drier year and highest in the early growing season (June) and lowest at the
end of the growing season (September). Inter-seasonal and inter-annual variations
in nutritive value were much higher for L. chinensis and A. michnoithan for C.
squarrosa and S. grandis, suggesting higher water use efficiency for the latter two
species. Grazing significantly decreased the drought resistance of three herbage
species, but not of S, grandis (Ren et al., 2016).
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In conclusion, the review of the literature on the impact of environmental
conditions, such as temperature and precipitation, on the nutritional content of
herbage indicates that these variables are what determine the nutritive value.
Nonetheless, physiological characteristics of the plant, such as C3 and C4, may
also influence the nutritional value.

Effects of sampling season on herbage nutritive value

Sampling season affects the nutritive value of herbage(Wang et al., 2011). The
growing period progressed, herbage cellulose digestible organic matter (CDOM)
and crude protein (CP) decreased, while neutral detergent fibre (NDF) increased.
The finding indicated that herbage nutritive value reduced asthe vegetative period
progressed (Ren et al., 2016). When plants stop growing, the maturation and
lignification process begins cell wall content such as cellulose, hemicellulose and
lignin increases while cell substances such as crude protein decrease
(McNaughton, 1983). Low responses of nutritive value to grazing in September
would also come with reduce plant cover and high risk of wind erosion because
sheep need to increase feed intake to meet increased energy requirements from
grazing (Glindemann et al., 2009). Higher herbage intake in September would
also reduce the remaining biomass and energy to be stored in plant stem bases,
roots and rhizomes, which are important for the maintenance of plant growth
(Johnson & Tieszen, 1976) in next year(Pérez-Harguindeguy et al. 2013). High
grazing intensity may negatively affect grassland productivity in the long term
through the ‘carry-over effect’. Supplementary feeding is required at the end of
the vegetation period to maintain livestock production in intensely grazed
grasslands and to protect the grassland ecosystem (Mdiller et al. 2014).

In summary, the plant maturity factor can affect the nutritive value of herbage;
as aplant ages, the distribution of fibrous residues causes the nutritive value to
decrease.

Effect of grazing on tillering and leaf: stem ratio of forage

Leaf/stem ratio is an important factor that determines the quality, diet selection,
and forage intake (Forbes & Coleman, 1993).The grasses are more tolerant to
grazing and defoliation as compared to other herbage species. They have
characteristics of sequential leaf production and un-accessible apical meristems
in arctic and subarctic environments (Johnson & Tieszen, 1976)comparatively
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high level of carbohydrate reserve and possession of clona growth with
physiologically integrated tillers (Archer and Tieszen 1986). Repeated defoliation
due to continuous heavy grazing may affect biomass partitioning of atiller and
their population dynamics. If the tiller is repeatedly defoliated, support from
physiologically integrated neighboring tillers is cut off(Jonsdéttir et al., 1989).
The energy level and nutrient reserve are decreased, which can reduce the
production of biomass, the survival of tiller and rate of flowering(Mattheis &
Tieszen, n.d.).The defoliation effect in graminoids tillering depends on the
number of availableresources and whether the apical meristem is damaged or not
(Jameson, 1964). The moss was not grazed by livestock but more sensitive to
trampling. The dry weight of moss was four times greater in un-grazed sites as
compared to grazed sites (Jonsdéttir & Jonsdottir, 1991).

In fact, the defoliation by gazing aters the leaf: stem proportions due to sparing
of nutrient reserves for the growth of young tillers and leaves respectively. The
leaf: stem ratio further determines the intake and preference by grazing livestock.
There ismuch accumulation of NSC than the fibres, however it depends on season
and herbage species, net photosynthesis and time of defoliation etc.

Nonstructural Carbohydrate Accumulation

The carbohydrates are classified as structural and nonstructural forms. The
polysaccharides such as pectin, glycogen, cellulose and hemicellulose are
structural carbohydrates because they are acomponent of the cell wall and provide
structural support to the herbage plants (Raven et al., 2005). Nonstructural
carbohydrates assists in energy transport and energy storage and intermediary
metabolism in the plant(Moore & Hatfield, 1994). Intermediary metabolism
involves the pathways that synthesize, degrade, and transform important
metabolites as well as conserve energy. A nonstructural carbohydrate indicates
the simple sugars (glucose, fructose, and sucrose), fructan, and starch. Total
nonstructural carbohydrates (TNC) isaterm used to describe these carbohydrates,
which is commonly used as an indicator of herbage quality(Jensen et al.,
2014).The accumulation of nonstructural carbohydrates in herbage occurs when
carbohydrate production from photosynthesisis greater than the amount required
for herbage growth and development (Watts & Chatterton, 2004). Excess
carbohydrates produced from photosynthesis process are substituted as reserve
carbohydrates, which are deposited during the day time and some portion are
loosed at night by respiration to produce energy for growth and
maintenance(Preiss & Levi, 1980).The combination of these processes resultsin
adaily cycle that usually causes nonstructural carbohydrate concentrations to be
highest in the afternoon and lowest in the morning. Fructan is reserve
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carbohydrate for vegetative tissues and starch serves as areserve carbohydrate for
seeds of cool-season grasses. Fructan is stored in stem vacuole which is
trandocated from leaf vacuole, therefore cool-season herbage commonly
accumulates the high amount of fructan in stem base or lower stem (Longland &
Byrd, 2006).The herbage accumulates the carbohydrate in different parts. The
sucrose stored higher concentration (8.9% on a dry weight basis) in the root and
upper two-third of leaf blades and fructan stored higher concentration (36.2% on
adry weight basis) in the lower half of debris (Sprague and Sullivan, 1950).The
grasses and legumes during warm-season commonly produce |ess amount of total
nonstructural carbohydrate than cool-season grasses and legumes, because they
do not produce fructan. Warm-season legumes and grasses use starch instead of
fructan as their chief reserve of carbohydrate (Chatterton et al., 1989).Animal
preferenceis highest in afternoon cut hay as compared to morning cut hay related
with raised total nonstructural carbohydrate (TNC) and in vitro true dry matter
disappearance, and reduced neutral detergent fibre (NDF) (Fisher et al., 1999).
The concentration of nonstructural carbohydrate in forage is seasonal variation.
(Pollock & Jones, 1979) documented fructan metabolism monthly in the cool-
season grasses meadow fescue (Festucapratensis L.), timothy (Phleumpratense
L.), and perennia ryegrass (Loliumperenne L.). They found that, fructan stored
was highest in fall and winter, with maximal amount documented in December,
when growth was restricted but photosynthesis continued. The highest
concentrations of nonstructural carbohydrates of tall fescue and Kentucky
bluegrass (Poapratensis L.)founded in the spring and fall months (Cubitt et al.,
2007). Both pasture and hay samples followed seasonal trends in spring, with
maximum levels in early-April and minimum in May and June(Kagan et al.,
2011). Thistrend indicated that seasonal variations in nonstructural carbohydrate
concentration are correlated with the growth stage of the plant. Less amount of
nonstructural carbohydrate is accumulated during a rapidly growing stage (i.e.
young stage) because the energy required producing new growth. Therefore, with
a season and maturity stage of plant will greatly affect the concentration of
nonstructural carbohydrate. Environmental factors such as photo-synthetically
active radiation (PAR), precipitation and temperature can affect the production
and utilization of nonstructural carbohydrate. (Chatterton et al., 1989)
demonstrated that, while cooler temperatures (5-10° C) have been associated with
maximum carbohydrate concentrations, warmer temperatures (15-25°C) have
been associated with minimum carbohydrate concentrations. The carbohydrates
either reduced or remained at low concentrations under rainfall and temperature
conditions that promoted grass growth. (Waite & Boyd, 1953) identified low
concentrations of fructan during periods of growth after rising temperatures due
to utilization of carbohydrate reserves. The photosynthetically active radiation
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(PAR) has a dignificant influence on the concentration of nonstructural
carbohydrate. Low PAR generally results in reduced nonstructural carbohydrate
concentrations and high PAR commonly results in higher nonstructural
carbohydrate accumulation.(Ciavarella et al., 2000) documented that lower the
concentrations of nonstructural carbohydrate of forage in shaded areas as
compared to forage grown to open non-shaded aress.

Effect of grazing on herbage productivity of grasslands

Therole of herbivoresin controlling plant speciesrichnessisacritical issuein the
conservation and management of grassland biodiversity. The herbivores often, but
not always, increase plant diversity (OIff & Ritchie,1998). Ward (2006)
documented that the higher coverage of perennial, erect, tall species with longer
growing season were observed in the protected grasslands and grazing increased
mostly small, prostrate, rosette plants. The identification of easily measured plant
functional traits that consistently predict grazing response in a wide spectrum of
rangelands would be a magjor advance. Plant height was the best single predictor
of grazing response, followed by leaf mass. The best prediction of species to
grazing response was achieved by combining plant height, life history and |eaf
mass. Specific leaf area (SLA) was a comparatively poor predictor of grazing
response (Diaz et a., 2001).

The potential benefits of herbivore to plants have been debated over the last
decade. Severa investigators claim that removal of or damage to the productive,
absorptive, or reproductive tissue of plants by herbivores benefits some plant
species by increasing their net primary productivity, seed production, or
longevity, and that these changes increase plant fitness and result in the evolution
of herbivore-plant mutualisms (Belsky, 1986).Grazing can ater the spatia
heterogeneity of vegetation, influencing ecosystem processes and biodiversity
(Adler et al., 2001).Most soils under grazed pasture, compaction to greater depth,
and other changes in soil physical properties, are more likely in recently tilled or
wet soils (Greenwood & McKenzie, 2001). Pastora fallowing over a growing
season (October—May) has a profound effect on standing biomass and sward
structure, and should have an impact on below ground plant growth and soil
biological activities (Nie et al., 1997).

Stocking rate and grazing disturbances
The grazing disturbs plant species composition in permanent grasslands
(Hickman et al. 2004). Increased stocking rate stimulates the functional properties
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such as increase in ruderal and competitive species (Grime et al., 1988); early
flowering and seed dispersal, rosette habit, and lower minimum height (Pakeman,
2004). Conversely, low-stocking rate favors stress-tolerant grasses (Grime et al.,
1988) and forbs but depending on the starting floristic composition and site
conditions (Dumont et al., 2009). In a sheep grazed pasture, the richness of dicot
species found increased with increasing stocking rate (Bullock et al., 2001),
however, the intensity of grazing might govern such results. Stocking rate can
influence the plant diversity of permanent grasslands through two mechanisms:
removal of vegetation and trampling (Gaujour et al., 2012). Grazing by herbivores
leads to spatial heterogeneity of the plant canopy (Wallace, 1987), light
penetration to lower canopy (Rook & Tallowin, 2003), and in such situations the
creeping vines could grow faster (Pavlu et al., 2007). Trampling induces gap in
the pasture and larger ruminants are better species as compared to others
(Stoneburner et al., 2021). Thus, maintained gaps could be the source for seedling
recruitment and speciesdiversity (Lavorel et al., 1994). Stocking rate dramatically
influences botanical composition of grasslands, working on the recruitment,
survival, and dispersion of species (Gaujour et al., 2012).

CONCLUSION
All things considered; it is possible to conclude that grazing disturbance may
change the grassand niches. Because too much aboveground biomassisremoved,
the floristic composition would decrease and heterogeneity would primarily rise
as the stoking rate increased. The level of herbage defoliation and trampling in
the grazed pastures would be interesting areas of rangelands research in the rears
to come.
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ABSTRACT

Notably, there has been widespread interest in the multiple possible uses of
nanobubbles (NB) with a diameter of less than 100 nm. The introduction of NB
technology in Japan, the United States, Europe, and other countries showsthat it
has enormous potential, even in the early stages of exploration in various
industries. However, the full extent of its impact on aquaculture is not yet fully
understood. Nanobubbles have shown promising results in improving water
quality in aquaculture systems, increasing oxygen levels, and promoting fish
health. However, further research and experiments are needed to determine the
optimal conditions for their application and to fully understand their long-term
effects on fish growth and overall production efficiency. Not only fish productivity
highly positively correlated with dissolved oxygen (DO) concentration in the
aguatic environment but also the size of the bubbles is inversely related to the
solubility and stability of DO. Therefore, it plays a crucial role in this
interdependence. However, it is worth noting that existing aquaculture practices
often unknown the importance of oxygen nanobubbles. These nanobubbles can be
quickly generated and distributed on the water surface using various devices,
creating millions of oxygens nanobubbles in a limited volume of water to have a
significant impact on the regulation of aquatic environments. Using nanobubbles
in aeration technology is a promising option for the blue revolution in
aquaculture practices. The article offers a comprehensive overview, providing
valuable insights into the significance and potential benefits of NB technology in
the aquaculture sector.

Keywords: Aeration, Aquaculture, Dissolved Oxygen and Oxygen Nanobubble
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INTRODUCTION

Aquaculture plays a crucia role in the global fisheries industry. Intensive
aquaculture aims to provide agricultural fish with essential resources, including
accessto quality water and sufficient food. The primary focuswas identifying and
prioritizing the key factors of DO that played a significant role in aguaculture
development. According to Mallya, (2007), low dissolved oxygen levels can pose
ahazard and impact the water's ability to sustain biological agents. Consequently,
a large focus has been placed on research to increase dissolved oxygen levelsin
water. Numerous factors, such as their diet and water quality, affect the health of
aquatic organisms, where dissolved oxygen governs the overall health of aquatic
animals DO concentration (Guo et a., 2011). Additionally, studies have shown
that higher concentrations of DO can increase these organisms growth rates
(Boyd, 2017). Numerous studies are underway to enhance water quality metrics
by implementing different aeration techniques. Rognerud et al. (2020) have
recently improved the solubility and stability of DO. A range of biological and
non-biological activities influence the solubility of substances in an aguatic
environment. These activities, such as respiration, photosynthesis, and diffusion,
contribute to DO solubility, which is dynamic (Sarkar et al., 2022). The solubility
of gases is also influenced by water temperature, atmospheric air, and water
pressure, which are interconnected and maintained in equilibrium in nature
(Heinemann & Weinhardt, 2004 ; Meegodaet al ., 2018). Consequently, over time,
the DO levels fall below the anticipated range, resulting in severe consequences
for the aguatic ecosystem. The fact that innovative progress has been made in
water aeration technology indicates that efforts have been made to address the
anoxic condition of the pond. The prevailing belief isthat 70% of the gasinjected
into water is diffused out of the water into the atmosphere. According to Suryadi
et al., (2020), active aeration produces more microbubbles than passive aeration,
where the research shows that passive aeration methods make 20% of
microporous tubes, 25% of porous stone, and 44% of ceramic diffusers dissolve
gasin water. On the other hand, active methods demonstrate higher gas solubility,
with 60% achieved through the venturi nozzle and 80% through the oxygenation
cone.

Creating the first microbubbles (MBs) in Japan involves aturbulent mixture. The
size fluctuation of the bubbles showed a discrepancy, with a microbubble
measuring approximately 200 nm (Akimi, 2017). This microbubble a so exhibited
distinct physical characteristics of solubility and stability (Agarwal et al., 2011).
The International Organization for Standardization (1SO) has defined the size of
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bubbles as less than 100 m in diameter, commonly referred to as fine bubbles
(Hata et a., 2019). The primary objective of the inaugura International
Symposium on NB was to implement NB technology to enhance aquaculture
production (Akimi, 2017). NB exhibits distinctive advantageous characteristics
that result in the generation of hydroxyl radicals. These radicals, including H+,
OH-, and H202, possess high reactivity and are crucia in eliminating bond
impurities. Moreover, NB aids in enhancing fish population density without
compromising the quality of water. Additionally, it helps mitigate the harmful
effects of pathogens in fish (Mead et al., 1976). The dissolving performance of
NB is more effective than that of ordinary gas bubbles. According to Beijnen Yan
(2021), the oxygen dissolving efficiency in the NB is 85 percent, which is
significantly higher than that of conventional aeration by over three times.
According to Mahasri et a. (2018), NB generators experienced increased DO
levels of up to 25 ppm from an initial level of 6.5 ppm. The performance of NB
aeration is significantly superior to that of other standard aeration methods.
According to Gilmour Zimmerman, (2020), a traditional surface aeration system
generates sludge and disperses harmful gases into water columns, producing
oxidation of the surface water. The technology has distinct characteristics that
contribute to the overall health and productivity of the pond ecosystem. According
to Meegoda et al., (2018) and Batagoda et al., (2019), high oxygen levels at the
bottom are crucia in reducing toxicity through oxidation. This process converts
organic sediments and waste into fish feed, enhancing fish productivity and
accelerating growth. The lack of understanding about the unique beneficia
properties of NB has prevented it from becoming a critical area. The usefulness
of this property extends to various fields such as chemistry, physics, agriculture,
medicine, the environment, and industry. The paper comprehensively analyzes
the characteristics, manufacturing, and use of NBs in aquaculture. It examines
their impact on fish growth, production, live fish transportation, and disease
treatment, as depicted in Figures 1 and 2.

CHARACTERISTICSOF NB
The unique properties of the NB can be attributed to its small size. According to
the 1SO, the recommended size limit is 100 nm. There is a positive correlation
between the size of gas bubbles and the dissolution rate when the merging of
bubblesincreases in size. A decrease in surface area and velocity coincides with
this, which eventually causesthe bubblesto riseto the surface and burst. Bernoulli
(1738; Hoare & Pelton (2007) observed and studied this phenomenon. when the
small-sized bubble undergoes Brownian motion and eventually bursts within the
water column. This process leads to the formation of NB and makes the bubble
soluble. The high interior pressure and negative potential of NBs contribute to the
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acceleration of gas dissolution (Meegoda et al., 2018). The explosion of a
microbubble (MB) converts into a nanobubble (NB) with specific properties,
where agas bubble containing an oxygen molecule moves slowly and is dissolved
inaliquid. Thisdissolved form is characterized by a negative zeta potential (ZP).
According to Michailidi et al. (2020), one of the notable characteristics of NBsis
that the particles undergo collisions for extended periods while remaining
neutrally buoyant in awater column. In addition, it isworth noting that the internal
pressure of liquid NBs is higher than the surrounding pressure. Ljunggren
Eriksson (1997) observed a particular characteristic that accelerates the process
of gasdissolution in liquid. According to Kundu et al. (2018), the zero point size
of nanobubbles tends to decrease solubility over time due to the increase in size
and Brownian motion. Based on the experimenta findings, it can be concluded
that ZP exhibits a negative correlation with salinity, bubble size, and temperature.
The size of the bubbles remains unchanged regardless of the temperature of the
solution. According to Meegoda et a. (2018), more minor, stable bubbles with
higher ZP are observed with higher pH levelsand OH ion concentrations. Cerron-
Cdleet a. (2022) found that NB demonstrates stability in high pH ranges of 5
6 and 8-9. Asthe negative ZP value increases, there is a corresponding increase
in the medium's acidity. This increase in acidity leads to an increase in bubble
size, which causes the bubbles to become unstable. Figure 1 illustrates the
comprehensive concept of bubble classification, encompassing various factors
such as size, formation, dissolution, and stability mechanisms.

NB Production System

The NB production system relies heavily on the pressure and velocity of the
liquid. Bernoulli (1738) and Beijnen Y an (2021) describe the velocity of the gas,
the internal pressure of the gas, and the bubble relationship when the velocity
increases, the internal pressure decreases. Thisrelationshipisparticularly rel evant
in the production of NBs, where the pressure of aliquid or gas is often atered
through the cavitation process, as explained by (Agarwal et al., 2011). The NB
production system can be categorized into three main processes. pressure,
dissolution, and electrolysis. Gas-liquid and wave-pressure methods are widely
employed to observe the cavitation action. The gas-liquid method is a process that
entails the introduction of a substantial pressure of either aliquid or gasinto a
gas-liquid medium to produce NB. The production methods for NB are in detail
below.

Gas-liquid pressure method
Commercial NB generators utilizing the Bernoulli principle are available on the
market. According to Minible (2020), the MiniBle series faucet aerator produces
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a significant number of 100-nm-sized NBs, specifically 600 million per square
cm of liquid pressure ranging from 2 to 3.5 bars. High-pressure liquid on the
nozzle creates a suction effect that draws the gas through the flow path. This
process forms approximately 90% of the bubbles, which appear milky white-
water color (Samuel & Power, 2020). The NB-generated water pump is widely
recognized as a popular and frequently utilized instrument. According to Hideki
(2014), milky white MB and NBs are emitted by absorbing atmospheric gas, with
an average emission of 50 nm of MB.

Mezificatice of Nanobabie
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Figure 1. A conceptual overview of different bubbles classification,
stability, solubility, and surface area

The carbon-ceramic porous membrane is a low-pressure working product that
applies gas pressure to the liquid. Numerous studies have been carried out to
explore the commercialization of NB characterization by using different
instruments. NB was characterized using ozone gas in the spiral liquid flow
method. The zeta potential (ZP) was measured to be -21, and the initial bubble
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size was 247 nm at a concentration of 4.55x1010. Additionally, oxygen gas was
used in the venturi nozzle, resulting in a zeta potential of -4.3 and aninitia bubble
size of 344 nm. These measurements were taken over seven days (Hu & Xia,
2018). A separate study was performed to achieve the same objective, where the
ZP was found to be -20. The initial size of the bubbles ranged from 150 to 200
nm, with a concentration of 4.0x109. Etchepare et a. (2017) observed that these
bubbles remained stable in water for 60 days. The study utilized air in a splitter-
type gjector with a ZP of -20 and an initial bubble size ranging from 700 to 900
nm. According to Cerron-Calle et a. (2022), the ZP at the end of the experiment
was measured to be -25. Additionally, the initial bubble size was reported to be
within the range of 350-400 nm. The instruments play a significant role in
producing stable NBs for commercia purposes, ensuring long-term gas stability
in water

Wave Pressure Method

Ultrasound has been found to generate NB that can physically and chemically
impact aguatic and water microorganisms. According to Dong et a. (2012),
ultrasonic transducers can generate oxygen molecules in water through the
compression and rarefaction of acoustic waves. This process causes the covalent
bond of water to break, forming tiny gas bubbles containing hydroxyl free
radicals. Hydroxyl radicals, being highly reactive, can function as an antipathogen
(Uchida et al., 2018). Commercial ultrasonic NB technology, commonly called
an ultrasonic algae killer, is prevalent in eradicating algae. According to Cho et
al. (2005), when subjected to ultrasound, NB's zeta potential (ZP) ranged from -2
to -28. Additionally, the initial bubble size was reported to be 249 nm, and this
size remained unchanged in water for 60 days. Recently, green technology has
gained recognition for its environmentally friendly nature, primarily due to its
lack of chemical contamination.

Electrolysis

The principles of electrolysis have been well-established for over two centuries.
Electrolysis is a straightforward process that involves immersing the anode and
cathode in water and applying a minimum direct current voltage (DC). The
presence of an electrolyte is unnecessary; the minerals found in water as a
conductivity parameter, serve as electrolytes, facilitating the production of
bubbles. However, the issue of anode corrosion poses asignificant challenge. The
selection of corrosion-resistant materials, including titanium, cadmium, and steel,
isnecessary. According to Hideki (2014), this method can produce micro- or NBs
of hydrogen and oxygen, with average sizes varying between 35 and 100nm. The
volume of gas produced in this process is a ratio of 2 parts hydrogen to 1 part
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oxygen. The current application of this method involves the production of
hydrogen fuel, resulting in the generation of oxygen as a by-product. Electrolysis
is employed to effectively isolate minuscule hydrogen and oxygen molecules
generated by a commercially available product utilized in the aquarium for
ornamental fish. The utilization of this method results in an increase of over 50%
in DO compared to conventional methods. The use of this option in hydroponics,
aquaponics, and ornamenta fish farming sectors is a subject of debate and
disagreement.

NB measurement technology

Particle size andysis instruments are utilized to perform quantitative
measurements using different principles. The text describes different approaches
to illustrating bubble measurement methods based on their characteristics. The
absorption or transmittance of light on the NB is measured using a dynamic light
scattering method. This method is used to analyze the parameters of the bubble
formed in deionized water and electrolyte solution, as Xiaotong et a. (2022)
described. In the microscope equipped with avideo camera, the characteristics of
the NB were analyzed using laser light and light diffraction methods. Specifically,
a 525 nm laser light deflected the light that passed through the sample (Etchepare
et a., 2017). The installed camera measured the quantity of diffracted light
coming from the NB. The study utilized adifferent techniquefor tracking bubbles,
explicitly focusing on 7-9 Brownian-moving bubbles within a given volume of
liquid. This method assessed the bubbles quality and quantity (Ferraro et al.,
2020). To quantify NB in its natural environment, the researchers implemented
electrical detection and image analysis techniques for characterizing NB (Marui,
2013). In the present era, scientific instruments are developed based on light
absorption or transmittance principles.

NB for next-generation aquaculture

Aquaculture is an industry experiencing significant growth, playing a crucial role
in meeting theincreasing demand for animal protein. In recent days, several issues
have emerged, including concerns about disease sensitivity and the safe
transportation of products from farms to consumers. Due to the issues above,
numerous countries are actively searching for a comprehensive solution. The
introduction of NB technology into the fisheries sector is a recent development
aimed at addressing the issue. Although the technology is still in its early stages,
several countries have aready implemented it in various ways within the
aquaculture industry. Samuel & Power (2020) state that several countries,
including America, Holland, the United Kingdom, Australia, and Japan, utilize it
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for various purposes, such as lakes, aguaria, and swimming pool cleaning.
Additionally, it is used in the production of prawns, oysters, and spirulina, as well
as fish food processing (Phan et al., 2020), wastewater treatment(Li et al., 2023),
and irrigation (Minamikawa et al., 2015). The utilization of this technology in
India extends to salmon farming and the transportation of salmon fry. Figure 2
provides an example of aguaculture utilizing NB technology.

Figure 2. An overview of NB production methods and the aquaculture
application sector of aquaculture

NB used in Fish Culture

Multiple studies have examined different aeration systems used in intensive fish
culture. According to James Tidwell (2012), the profitability of the recirculating
aquaculture system (RAYS) is twice that of traditional aerated pond fish farming
(Suryadi et al., 2020). They conducted a study comparing venturi-produced MBs
to a standard aeration system to assess the growth performance of tilapia fry at
different stocking densities in 15 liters of water. The study found that the growth
performance in the venturi system was significantly higher than in the normal
aeration system. It has also examined how well the water exchange system, the
RAS system, and a mix of the RAS and NB systems produced fish in young
groupers, with 600 fish per cubic meter of water. The results indicated that
combining RAS and NB treatments improves growth performance and
productivity. In a related study, Vannamei shrimp were subjected to an
experiment for 56 days. The experiment assessed the economic feasibility of two
aeration systems: NB and non-NB. The shrimp were stocked at a density of 400
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cubic meters. The results showed that the NB aeration system had a survival rate
of 92%, an internal rate of return (IRR) of 18%, and a benefit-cost (B/C) ratio of
1.26. According to Mauladani et al. (2020), it isevident that an NB systemismore
feasible than a non-NB system. Another study was conducted in 50-m2 ponds
with 34,000 juvenile white-leg shrimp at astocking density of 680 m3for 81 days.
The findings indicated that the NB treatment resulted in better outcomes than
diffuser-type aeration. Specifically, the NB treatment showed a higher survival
rate, improved feed conversion ratio, increased total harvest, and enhanced
productivity. Additionally, the NB aeration method led to a reduction in total
pathogens. Notably, the total harvest and productivity nearly doubled with NB
aeration (Rahmawati et al., 2020). The NB aeration system demonstrates higher
fish productivity compared to other aeration systems.

Use of NB in live fish transport

Two fish transport methods exist: closed and open. Practical applications use
polythene bags with oxygen and water tanks with supplied oxygen or air. Indian
major carp and Chinese carp weighing 300-1500 g was traditional aerated for 2—
6 hours. A 600-700 kg distance group and a 50-100 kg distance group received
the fish. Long-distance mortality was 100%. found that moving live fish without
an appropriate aeration system caused the problem Muzaddadi et a. (2017). The
experiment examined Pirarucu (Arapaima gigas) fingerlings for six hours using
physiological and water quality tests. One group of fingerlings was placed in 170
g/L plastic bags with NB oxygen supplements. The other group received normal
water in 50 g/L plastic bags. We measured water quality before and after
transportation. After transport, water temperature, dissolved oxygen, carbon
dioxide, and non-ionized ammonia increased, but pH decreased. Cortisol levels
remained stable in the study. Fish in norma water did not die. NB oxygen
supplements caused a 33% mortality rate and a three-fold increase in stocking
density. found more fish per unit of NB water. This study examined the
effectiveness of air blower, air NB, and oxygen NB at 100/L, 166/L, and 250/L
stocking densities over 10 hours at 26 °C. The comparison between an air blower
and oxygen showed that oxygen had different effects. NB transports more fish per
liter than the average, increasing its efficiency fourfold Lima et a. (2020).
Thongdon et al. (2019) experimented with investigating the dissolved carbon
dioxide and oxygen levels in a chicken grunt (Parapristipoma trilineatum) over
30 minutes at 20 °C. The fish were subjected to sedation, causing a transition in
their respiratory system from branchial to cellular. Thistransition was a result of
the lethal effects of CO,. During 22 hours, oxygen was transferred from water to
tissue to regulate cellular respiration. After 22 hours, the fish areimmersed in NB
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water rich in oxygen for 2-3 hours. Carbon dioxide nanobubble was given as
anesthesia and regained full consciousness after the end of the effects of the
anesthetic when it was stored in a fully saturated oxygen nanobubble. CO; is a
suitable and safe anesthetic for transporting fish over long distances at average
water temperatures. A study was conducted in the sturgeon muscle to assess the
effectiveness of oxygen, nitrogen oxide, ice, and regular water for long-distance
live transport. A group of fish was divided into two conditions: one group was
placed in pretreated NB water, which is considered desirable, while the other
group was placed in regular water. In a programmable cooling system, the water
wasintentionally cooled to 0 °C. Thefish then put its produced ice into theicebox.
A separate water group was transported at a temperature of approximately 19°C.
The total duration of transportation for both entities is 36 hours. The mortality
rates for the NB and standard groups were 3.2% and 11%, respectively. The
weight of the fish in the nanobubble group exceeds that of the water transported
(Zhang et al. 2019). Table 1 provides a comprehensive overview of the process
and data involved.

NB in Fish Health Management

Ozone NB has shown promise in aquaculture systems for increasing DO levels
and lowering bacterial levels. NB-Oz affected immune gene expression in Nile
tilapia (Oreochromis niloticus), comparing fish that were treated and fish that
were not treated. According to the findings, NB-Os has the potentia to be
effective in preventing pathogenic bacteria infections Linh et al. (2021). The
Jhunkeaw et al. (2020) experiment aimed to investigate the potential infection of
Nile tilapia with harmful pathogens. The participants were split into two groups
based on the treatment they received. One group got NB, ozone, or the standard
treatment in 50 L of water for 10 minutes. The size of NB was 130 nm, which is
equal to about 2-3 x10” Oz bubbles/ml of concentration, and the oxidation-
reduction potential (ORP) was 834 mV. The other group did not receive any
treatment. According to the study, the group treated with NB had a significantly
lower bacterial count, with a reduction of 99.29%. According to the test results,
the NB-Os technology shows promise in suppressing dangerous bacteria and
enhancing dissolved oxygen levelsfor fish health management. Both studies have
demonstrated that microbubbles and nanobubbl es hurt microorganisms. the study
shows that the varying reactions observed have both positive effects on long-drive
organisms Jhunkeaw et al. (2021).

Impact of NB on Fish Physiology

The respiratory function of aguatic species is crucia in determining their
physiological state. According to Temesgen et al. (2017), aquatic organisms
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engage in cellular and branchial respiration when the size of NB in the water is
below 0.2 micrometers. Despite the significantly smaller skin pores (Inatsu et al.,
2011), they can still diffuse from the skin to the underlying tissue. Tissues absorb
significant quantities of NB to sustain cellular and branchial respiration. The lack
of DO in water leads to the release of the catecholamine stress hormone in cells,
resulting in elevated plasma cortisol levels in fish (Sumpter & J, 1997).
According to Lewis & Lee (2007), the increase in heart rate and gill function
occurs at a faster rate than is typicaly expected. In this situation, branchial
breathing is often inadequate to meet the body's oxygen requirements. The
relationship between stress feed efficiency and feed conversion ratio is crucial for
proper feed assimilation (Afridha, 2021). The behavior of an NB under extreme
conditions of high temperature (5000K) and pressure (1000 atm) is characterized
by explosive bursting. The increase in temperature of the NB inside the tissue
positively impacts the expansion of blood vessels. This expansion alows for
greater oxygen flow to the gills, which is essential for their proper physiological
functioning play a crucia role in maintaining the physiological health of fish
through dua respiration, blood purification, and excretion or neutralization of
toxic materials produced in the body. The impact of NB technology on the
physiological is positive (Akimi, 2017).

CONCLUSION

Aquaculture is poised to benefit significantly from nanobubble (NB) aeration
technology, as explored in this comprehensive overview. The first part of the
discussion looks at NB properties, how they are made, and what they can be used
for, focusing on how much more gas- and solvent-stable they are than regular
bubbles. Factors influencing NB size, formation, dissolution, and stability, such
as pressure, temperature, pH, and zeta potential, are elucidated. The paper then
delves into the potential advantages of NBs for aguatic organisms, summarizing
studies comparing their performance with other aeration systems across diverse
species, stocking densities, and water quality conditions. We also look at how
NBs affect the breathing of fish cells and branches, the cleaning of their blood,
and their stress hormone levels. We focus on how NB-O3 technology can stop
pathogenic bacteria. It isimportant to note that changing regular bubbles to NBs
by changing existing aeration instruments is discussed. This shows how
microbubbles (MB) and NBs differ regarding how stable and soluble they arein
gas. Gas dissolution performance is inversely proportional to bubble size,
solubility, and stability. In conclusion, NB aeration technology emerges as a
promising solution to address low oxygen content in aquaculture water, offering
benefits for fish culture, live fish transport, and fish health management.
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protein (%), F = fat (%), NA = not available
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ABSTRACT

In this review, we provide an exhaustive economic and environmental analysis of
hydroponic and arenumponi ¢ systems within the domain of mushroom cultivation,
contrasting these modern methodologies with the traditional substrate-based
approaches. Our focus is centered on widely cultivated mushrooms such as
Oyster, Button, Shiitake, and Morels. We delve into the inherent challenges posed
by conventional cultivation methods, such as variable substrate quality,
heightened risks of contamination, and the complexities of environmental control.
The study presents hydroponics and arenumponics as innovative, substrate-less
cultivation strategies that resolve these issues by employing controlled water
solutions and sand as a growth medium, respectively. This review examines a
spectrum of hydroponic configurations, including deep flow, nutrient film, and
aeroponic systems, demonstrating their effectiveness and potential in mushroom
farming. We emphasize the economic feasibility and environmental sustainability
of these techniques, considering their cost-effectiveness, resource utilization
efficiency, and market prospects. Key objectives encompass a thorough review of
hydroponic technologies, an evaluation of growth performance vis-a-vis
traditional methods, and an assessment of their economic impact. Our research
bridges current knowledge gaps by suggesting the integration of recommended
economic models, such as Stochastic Frontier Analysis for measuring efficiency,
and Cost-Benefit Analysis for assessing financial viability. The inclusion of case
studies enriches our insights into the economic and environmental facets of
hydroponic/arenumponic mushroom cultivation. We conclude with policy
recommendations and directions for future research, advocating for the adoption
of hydroponics/arenumponics as sustainable, efficient, and commercially viable
alternatives to conventional practices in mushroom agriculture, thereby aligning
with the objectives of modern agricultural sustainability.
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Keywords: Hydroponic Mushroom Farming, Arenumponic Cultivation
Technique, Soilless Mushroom Production, Economic Viability, Precision
Agriculture.

INTRODUCTION

Mushrooms, known for their low-fat content, high protein, metabolites,
antioxidants, and fiber, offer a range of health benefits, including boosting
immunity, enhancing cognitive health, and regulating blood lipids and glucose
levels. As a critical sector in the globa agro-industry, mushroom cultivation
generates over US $34 hillion annually. Common varieties like Oyster (Pleurotus
spp.), Button (Agaricus spp.), Shiitake (Lentinula edodes), and Morels (Morchella
spp.) have traditionally been grown on substrates like straw, composts, and wood
logs. However, traditional methods face challenges such as low yields, nutrient
deficiencies, and contamination risks, exacerbated by land fragmentation and
urbanization.

This paper explores hydroponics and suggests a novel approach called
arenumponics as a potential solution to these challenges. Hydroponics, a soilless,
substrate-less cultivation technique using nutrient-rich water solutions, offers
precise nutrient and moisture control, potentially increasing efficiency, and yield.
However, traditional hydroponics still requires some form of organic substrate for
mushroom mycelium, which acts as a binding and support medium. To address
this, we propose arenumponics, where sand replaces organic substrates, providing
both support and an inert medium for nutrient delivery for future research and
studies.

Our study aims to fill several gaps in current research. Firstly, we will detail
specific chalenges and limitations of hydroponics in mushroom cultivation,
providing a clearer understanding of why these methods are necessary. We will
also place our research within the historical context of mushroom cultivation,
tracing its evolution and highlighting how hydroponics emerged as innovative
alternatives. Additionally, we will compare this method with other emerging
cultivation techniques, offering a comprehensive view of the field's
advancements.

The article analyzes hydroponic methods in mushroom farming, comparing them
to traditional techniques and also focuses on their environmental and economic
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benefits, particularly regarding sustainability, resource efficiency, and cost-
effectiveness. The scope includes a thorough review of hydroponic designs,
growth performance comparison, and economic viability suggesting the use of
models like Stochastic Frontier Analysis and Cost-Benefit Analysis for further
research. The study sets out hypotheses aiming to prove that these soilless or inert
substrate methods can enhance productivity and offer a viable commercial
alternative to conventional cultivation, to contribute to sustainable agricultural
practices.

Objectives

Overview of Hydroponic Techniques: Provide a detailed overview of various
hydroponic methods, such as deep flow, nutrient film technique, and aeroponics,
emphasizing their operational aspects and suitability for cultivating mushrooms
like Oyster, Button, Shiitake, and Morels.

Comparative Growth Analysis: Analyze and compare the growth performance
between hydroponic (including arenumponics) and traditional substrate-based
cultivation methods. This will include assessments of mycelial colonization rate
and yield, demonstrating enhanced performance in hydroponic systems.
Advantages of Hydroponics. Discuss the potential benefits of hydroponic
systems over conventional cultivation. The article will emphasize improvements
in mushroom quality and productivity due to precise control over nutrients and
environmental conditions.

Environmental and Economic I mpact Assessment: Evaluate the environmental
sustainability and economic viability of hydroponic methods based on existing
literature.

Empirical Methodology: Suggest implementation of econometric models for
financial viability, providing insights into the economic aspects of hydroponic
mushroom cultivation.

These objectives will be addressed comprehensively, contributing to a better
understanding of the potential of hydroponic methodsin enhancing the efficiency
and sustainability of mushroom production.

1 MUSHROOM BIOLOGY

In exploring hydroponic and arenumponic methods for mushroom cultivation, it's
crucial to understand the mushroom life cycle, comprising the vegetative mycelial
and the reproductive fruiting body phases. Mycelial growth depends on key
macronutrients such as Carbon (C), Nitrogen (N), Phosphorus (P), Potassium (K),
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and Magnesium (Mg), alongside vital micronutrientslike Iron (Fe) and Zinc (Zn)
(Carrasco et a., 2018). These nutritional needs and environmental factors such as
the carbon-to-nitrogen ratio, temperature, pH, and aeration are pivota in
hydroponic systems (Wu et a., 2004; Jayasinghe et al., 2008). This understanding
is essential to our research objectives, guiding the optimization of hydroponics
and arenumponics for enhanced mushroom growth and yield.

2. CONVENTIONAL CULTIVATION METHODS

Conventional mushroom farming predominantly utilizes organic substrates like
rice bran, wheat straw, various cotton wastes, and animal manures, essential for
both vegetative and mycelia growth (Fasidi et a., 2016). This traditional method
encompasses several steps. substrate preparation, spawn inoculation, and
maintaining fruiting room conditions. The entire process, from substrate
preparation to harvesting, spans 10 days to 6 months post-spawning (Chang,
2001).

The preparation of substrates involves a meticulous process. Initially, substrates
are mixed, hydrated, pasteurized, sterilized, and conditioned. Composting, a
critical phase in substrate preparation, typically occurs in two stages. The first
phase primarily focuses on reducing the carbon-to-nitrogen (C:N) ratio, while the
second phase involves pasteurization, crucia for eliminating competitive
microorganisms and maintaining the moisture content of the substrate at
approximately 70% (Lim et a., 2013).

Spawn, a vital component in mushroom cultivation, is prepared by inoculating
sterilized grains, such as millet or wheat, with mycelium cultures. This spawn
provides the necessary nutrition for the mycelium to colonize the substrate. The
addition of spawn, typically ranging from 0.5% to 5% of the substrate'sweight, is
known to enhance yields (Buendia et a., 2016). The inoculated substrate is then
placed in growth environments, such as beds, racks, or trays, where controlled
conditions are maintained. Ideal temperatures for mycelium colonization range
from 22-28°C, with relative humidity kept between 80-90%, ensuring adequate
moisture for growth (Flegg, 1979).

Adequate air exchange within the growing environment is essential to remove
accumulated CO2, thus providing sufficient oxygen for optima mushroom
growth. Under these conditions, mushrooms typically reach a harvestable size
within 10-15 days (Gonzélez-Fandos et al., 2008, Cheng et a., 2013).
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However, recent literature indicates gaps in traditional cultivation methods,
particularly regarding the efficient use of resources and environmental
sustainability. Innovations in substrate optimization and the development of less
resource-intensive cultivation practices are areas needing further exploration.

3. CHALLENGESIN CONVENTIONAL MUSHROOM FARMING
3.1. Substrate Quality Issues: Traditional cultivation often relies on agricultural
residues and waste as substrates, which can vary in quality. Poor-quality
substrates may lead to nutrient deficiencies, adversely affecting mushroom yields
along with contamination risks (Ferdousi et al.)

3.2. Contamination Risks: The process of sterilization iscrucial in conventional
methods. Such contamination can lead to outbreaks of fungal, viral, and microbial
diseases, affecting mushroom growth and development (Ferdousi et a., 2019;
Easinet al., 2017).

3.3. Toxicity: In cultivated mushrooms, significant levels of heavy metals were
found, with the highest concentrations being: Pb in Agaricus bitorquis and
Hypholoma fasciculare, Cd in Hydnum repandum, Fe in Bovista plumbea, Cu in
Tricholoma terreum, Mn in Laccaria laccata, and Zn in Agaricus bitorquis
(TUzen et a., 1998;Y amag et a ., 2007). Additionally, hydroponics allows precise
control of nutrient ratios ensuring safe mushroom cultivation (Asaduzzaman et
al., 2022).

3.4. Insufficient Environmental Control: Conventional cultivation often lacks
the infrastructure for precise environmental control. These inadequacies like
temperature, light quality and periods, humidity, and O./CO; ratio, essential for
optimal mushroom development affect critical growth parameters (Rahman,
2018; Ferdousi et al., 2019, Ferdousi et ., 2019).

3.5. Resour ce I nefficiency: Post-harvest, a significant portion of the nutrientsin
the substrate remain unutilized, leading to waste (Grimm et a., 2018). Small-scale
farmers, particularly those with limited capital, often cannot fully utilize available
resources, including land and infrastructure. Moreover, the reuse of spent compost
can carry therisk of disease transmission between crops (Gurung et al., 2020).

4. HYDROPONIC SYSTEMSFOR MUSHROOM CULTIVATION

4.1 Deep Flow Technique (DFT): DFT supports mushrooms on floating raftsin
an aerated nutrient solution. This technique has been shown to enhance
mycelial colonization by about 25% and increase yields by up to 123%
compared to soil-based cultivation, particularly with oyster mushrooms,
marking a significant advancement over conventional methods (Gume et a.,
2013).
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4.2 Nutrient Film Technique (NFT): In NFT, a thin layer of nutrient solution
continuously flows over the rootsin a dlightly inclined channel. This system
has proven effective in boosting the total biomass of mushrooms, producing
around 4279 total weight, with 309g being edible, thus offering a substantial
improvement over traditional cultivation practice (Reet a., 2021).

4.3 Aeroponics: Aeroponicsinvolves spraying afine mist of nutrient-rich water
directly onto the suspended mushroom roots. This method promotes optimal
growth and development by speeding up mycelial colonization and
shortening the cultivation cycle. It aso enhances the oxygenation of roots,
improving nutrient absorption and overall mushroom heath, making it a
valuable technique in modern mushroom farming (Narasegowdaet a., 2020;
Grace 2023).

Additionally, innovative approaches like floating rafts and nutrient-channeled
plastic bottle systems have yielded promising results, particularly for oyster
mushrooms (Goh et al., 2016).

5. NUTRIENT SOLUTIONSIN HYDROPONIC MUSHROOM
CULTIVATION

5.1. Macronutrients: Key carbon sources such as sucrose, glucose, and dextrose
are used at optimal concentrations, alongside organic nutrients like yeast extract
and peptone. Nitrogen, a crucial macronutrient, is often supplied in the range of
0.1-0.5% using urea, ammonium salts, or other nitrogenous extractsin submerged
cultures (Mccoy et al., 1972). Theideal ratio of carbon to nitrogen is critical; for
instance, a composition of 3% glucose, 0.072% KNO3, and 0.02% NaH2PO4,
maintaining a pH of around 8.5, is found to be effective for mushroom growth
(Chang-hong 2008).

5.2. Micronutrients: Whilerequired in smaller quantities, micronutrients such as
potassium, calcium, magnesium, sulfur, iron, zinc, manganese, and copper play
significant roles in the growth and quality of mushrooms (Jung et a., 2010).
Calcium supplementation is crucial for maintaining the pH balance and cation
exchange in the substrate. Studies have also highlighted the importance of freshly
prepared compost, rich in zinc, sulfur, and iron, for the effective growth and yield
of mushrooms, indicating the need for balanced micronutrient levels in
hydroponic solutions (Sinha et a., 2020). Considering these requirements, it
becomes clear that tailoring nutrient solutions to the specific needs of different
mushroom varietiesis key to successful hydroponic cultivation.

Comparison of Nutrient Solutions
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Hydroponic nutrient solutions are formulated to optimize levels of key nutrients
like carbon, nitrogen, and phosphorus, along with essential micronutrients,
ensuring balanced nutrition for the mycelial growth and fruiting stages of
mushrooms (Mccoy et al., 1972; Chang-hong 2008, Sinhaet al., 2020,Jung et al.,
2010).

6. HYDROPONICALLY TESTED MUSHROOM SPECIES

6.1. Oyster Mushroom (Pleurotus ostreatus): Renowned for its rapid growth
and high nutritiona value, the oyster mushroom has been extensively tested in
hydroponic systemslike DFT, NFT, and aeroponics. Notably, Nozzi et a. (2018)
highlighted the suitability of oyster mushrooms for hydroponic cultivation.

6.2. Shiitake (Lentinula edodes) and Reishi (Ganoderma lucidum) cultivation:
The Shiitake mushroom, another popular variety, has been successfully grown
using the NFT system. Sousaet al. (2019) found that while hydroponic cultivation
facilitates faster growth and harvesting, resulting in higher yields, there might be
concerns regarding nutrient balance affecting quality compared to traditional
wood log cultivation. Habijanic et al. (2013) reported the successful cultivation
of Reishi mycelium on polyurethane foam, which served as a medium for
producing valuable polysaccharides.

7. GROWTH PERFORMANCE COMPARISON BETWEEN
HYDROPONIC AND CONVENTIONAL CULTIVATION

7.1. Mycelial Growth Rate: The growth rate of oyster mushroom mycelium has
been observed to be 25% higher in the Deep Flow Technique (DFT) compared to
traditional soil-based methods (Wenjie Yang et a., 2013). In aeroponic systems,
mycelial proliferation saw an 11% increase over manua spraying methods,
attributed to improved moisture and dissolved oxygen levels (Sharma et a.,
2018).

7.2. Primordia Formation Time: In hydroponic systems using floating rafts,
oyster mushroom primordia initiation occurred 2 days earlier compared to
ground-based cultivation (Nadir et al., 2016). Shiitake mushrooms also showed a
3-5 day faster primordia development in Nutrient Film Technique (NFT) systems
than in traditional soil cultivation (Ohtaet al., 1994).

7.3. Fruiting Body Development Dur ation: The time from pinhead formation to
harvest in oyster mushrooms was reduced by 4 days in aeroponic systems
compared to manual mist spraying, due to better-controlled moisture (Ray et al.,
2013).
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8. YIELD

NFT System: Yielded total biomass of 4279, averaging 47.4g per trial, and 3099
of edible biomass, averaging 34.3g per trial, demonstrating significant
productivity (Re et al., 2021).

Ebb and Flow (E/F) System: Produced atotal biomassyield of 4249, averaging
47.1g per trial, and 2879 of edible biomass, averaging 31.9g per trial, dightly less
than the NFT system.

Commercial Off-The-Shelf (COTS) Kit: Offered lower yields with 3659 total
mushroom biomass, averaging 40.6g per trial, and 262g of edible mushrooms,
averaging 29.1g per trial. The NFT system showed numerically higher total and
edible biomass yields compared to the E/F system, and both hydroponic methods
outperformed the non-hydroponic COTS kit in terms of mushroom productivity.

9. ADVANTAGES OF HYDROPONICSIN MUSHROOM
FARMING
9.1. Optimal Nutrition: Hydroponic systems offer precise control over nutrient
levels, enabling customization to meet the specific nutritional needs of
mushrooms, leading to improved yields and product quality (Nozzi, V. et al.
2018). This precision helps prevent the nutrient deficiencies often seen in soil-
based cultivation, and mushrooms grown hydroponically benefit from a higher
bioavailability of essential nutrients (Rashid et al., 2021; Upadhyay et a., 2019).
9.2. Controlled Microclimate: Hydroponics alows for complete control over
environmental conditions such as temperature, light, and humidity, optimizing
them for enhanced mushroom growth (Pandey et al., 2014). This control aso
facilitates year-round production, unaffected by external weather changes (Rashid
et a., 2021; Upadhyay et a., 2019).
9.3. Reduced Contamination Risk: Hydroponic cultivation significantly reduces
the risk of soil-borne diseases, common in traditional farming, and lowers
contamination risks from pests and pathogens (Kumar, R. et a., nd; Rashid et al.,
2021). Integrated pest management practices are more straightforward to
implement in a controlled hydroponic environment (Pandey et al., 2014).
9.4. Increased Productivity: Mushrooms grown in hydroponic systems exhibit
faster growth rates due to optimal and stable growing conditions, leading to higher
yields per unit area compared to traditional soil-based methods (Rashid et al.,
2021; Kumar, R. et a., nd). The ability to maintain continuous production cycles
throughout the year further enhances productivity (Upadhyay et al., 2019).
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9.5 Reduced Labor Requirements; Hydroponics simplifies cultivation by
eliminating labor-intensive soil preparation tasks. Automation of irrigation and
lighting reduces labor needs, and the standardized setup facilitates easier
harvesting (Rashid et al., 2021; Pandey et a., 2014; Kumar, R. et al., nd).

9.6. Free from Heavy metals and Toxicity: The wild edible mushrooms and
mushrooms cultivated in conventional substrates system hasrisks of heavy metals
like lead, cadmium, molybdenum, arsenic and mercury. (Mccoy et a., 1972
Chang-hong 2008, Habijanic et a. (2013). The hydroponic and arenumponic
system can lower the risks or can be eliminated because of precise and careful
choice of inorganic salts and organic nutrients without those toxic metals.

10. CHALLENGESIN HYDROPONIC MUSHROOM FARMING

10.1. Technical Challenges

Moisture Management: Proper moisture level management is crucial to prevent
mushroom sogginess, a common issue in hydroponic systems (Re, 2021).
Optimal Conditionsfor Fruiting: Providing theideal moisture, nutrient, and gas
exchange conditions required for the development of the fruiting body is
challenging (Bechara et al., 2006).

Yield Consistency: Thereisalack of long-term yield data over multiple harvest
cycles, which is necessary to establish the reliability of hydroponic methods (Re,
2021).

Contamination Risks: Inadequate control over moisture and environmental
factors can increase the risk of microbial contamination, affecting mushroom
growth (Becharaet a., 2006; Re, 2021).

10.2. Economic Analysis:

Return on Investment (ROI): A comprehensive economic analysis, including
ROI across the commercia viability of hydroponic mushroom cultivation, is
needed (Gurung et al., 2020; Nozzi et a., 2018). Studies should include the cost-
benefit analysis of various hydroponic techniques, tailoring nutrient solutions to
specific mushroom species, and developing scalable, user-friendly hydroponic
system designs.

10.3. Lack of Familiarity and Adoption Challenges:

Grower Exposure: Mushroom growers are often unfamiliar with hydroponic
systems and their operation compared to traditional methods (Zhu et al., 2021,
Re, 2021; Bechara et al., 2006).
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11. PROOF OF CONCEPT
Hydroponic and arenumponic mushroom cultivation system was established at
the Science Business Research and Innovation Center (SciBRIC) at HICAST.

11.1. Selection of Mushroom Species: The project involved cultivating various
mushroom species, such as oyster mushroom (Pleurotus ostreatus), king oyster
mushroom (Pleurotus eryngii), and Padke chyau (Schleroderma spp.). The Padke
chyau was collected from the wild at Dandagaun, Patlekhet, Kavrepalnchowk
District, Nepal. Padke chyu is edible mushroom popular among Tamang Ethic
community in the subtropics and Tharu community of the tropics of Nepal.

11.2 Adaptation of Hydroponic System: Originaly designed for plant
hydroponics, the system was modified for mushroom cultivation. This involved
adding an air diffuser with the help of aquarium air pump to the nutrient water
circulation system.

11.3 Nutrient Solutions. A specific nutrient composition was used in the
hydroponic system. This included various chemicals and nutrients such as
Sucrose, Potassium Phosphate, Ammonium Phosphate, Potassium Nitrate,
MgSO4, CaCl2 (substituted with CaCO3 Lime), MnSO4, ZnS0O4, FeSO4,
NaMoO4, and Thiamine. These nutrients were essential for the growth of
mushrooms in a hydroponic setup.

12. ARENUMPONIC SYSTEM DEVELOPMENT AT SCIBRIC LAB:
Besides hydroponics, an arenumponic system using sterilized sand as an inert
substrate was also developed. This method, known as arenumponic, facilitated
uniform moisture distribution, crucia for the mycelium's growth and spread.

13. GROWTH PERFORMANCE IN MUSHROOM HYDROPONICS AND
ARENUMPONICS

We cultured and got mycelium growth of oyster and king oyster mushrooms in
both hydroponic and arenumponic system. The mycelium growth was better than
the traditional methods of cultivation in rice straw for both types of oysters. There
is fruiting body formation in one net cup. Because of closures of lab for some
reasons the experiment was halted and could not run satisfactorily and the trias
are going on. The different figures (1-4) of the photographs show the hydroponic
and arenumponic system setup, the growth of mycelium and fruiting stage of
oyster and king mushrooms.
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Photograph plate-1. Figure-1&2. Hydroponic and arenumponic system setup.
Figure-3. Mycelium growth of king oyster in the hydroponic system. Figure-4.
Oyster mushroom fruiting.

14. FUTURE PERSPECTIVE ON HYDROPONIC AND ARENUMPONIC
MUSHROOM FARMING

14.1. Testing and Refinement of Hydroponic Systems: The exploration of
alternative systems such as the Deep Flow Technique should be continued to
improve moisture regulation and the quality of mushrooms (Re, 2021). This
includes conducting microbiological safety tests over multiple harvests to ensure
consistent quality and safety (Re, 2021).

14.2. Economic Analysisand Optimization: Determining the economic viability
of hydroponic mushroom cultivation is crucial. This involves optimizing
technologies and automation processes to enhance efficiency and reduce costs
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(Bechara et al., 2006; Gurung et al., 2020). This research will help quantify the
benefits of hydroponic methods over traditional farming (Nozzi et al., 2018).

14.3. Optimization of Hydroponic Formulations. Tailoring nutrient solutions
and environmental conditions in hydroponic systems to maximize yields is
another important area of research (Bechara et al., 2006). This includes fine-
tuning nutrient formulations to meet the specific needs of different mushroom
species.

15. ECONOMIC ASPECTS

Gilmour et al. (2019) examined consumer responses and found that while
hydroponically grown products didn’t garner a price premium, consumer
preferences were significantly influenced by the information provided about
hydroponic practices. Kholis et al. (2022) discovered that hydroponic ventures,
especialy small-scale home industries, are quite profitable. The concept of Open
Field Hydroponics, despite being traced back to the early '90s, has only begun
gaining substantial attention in scientific discourse since the 2000s, as evidenced
by the work of Rubio-Asensio et al. (2020, Malik et al. 2018).

In assessing the economic aspects of hydroponic systems in mushroom
cultivation, employing robust econometric methods is crucial to quantitatively
analyze their financial viability and efficiency. One such approach is the Cost-
Benefit Analysis (CBA), which can be used to compare the total costs (including
setup, operation, and maintenance) against the benefits (such as increased yield,
quality, and market price of mushrooms). Additionally, models like the Cobb-
Douglas production function could be applied to understand the relationship
between inputs (such as nutrients, water, and labor) and output (mushroom yield),
which aids in optimizing resource alocation for maximum economic return.
Implementing these econometric analyses will not only offer insights into the
economic efficiency of these methods compared to traditional farming but also
guide future investments and policy decisions in sustainable mushroom
agriculture.

16. EMPIRICAL METHODS

For analyzing the economic aspects of hydroponic systems in mushroom
cultivation, an appropriate econometric model should address the specificities of
cost structures, revenue streams, and productivity factors associated with thistype
of agriculture. A suitable model for this context would be the Stochastic Frontier
Analysis (SFA). By using Stochastic Frontier Analysis, stakeholders in the
hydroponic mushroom industry can gain valuable insights into the efficiency of
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their operations, identify areas for improvement, and make data-driven decisions
to enhance profitability and sustainability.

17. CONSUMER AWARENESS AND PREFERENCES

Despite these benefits, hydroponic mushroom farming faces challenges such as
the need for detailed moisture management and the development of economically
viable systems (Re, 2021; Bechara et al., 2006). Furthermore, the unfamiliarity of
mushroom growers with hydroponic systems indicates a need for more extensive
research and training (Zhu et al ., 2021, (Gurung et al., 2020; Rubio-Asensio et a.,
2020). By employing econometric models such as Cost-Benefit Analysis (CBA)
and the Cobb-Douglas production function, researchers can effectively analyze
and optimize the financial viability and efficiency of these systems (Malik et al.,
2018; Gilmour et a., 2019). Studieslike those by Gilmour et a. (2019) and Kholis
et a. (2022) have shown that while hydroponic products may not command a
premium price, consumer preferences are highly influenced by information about
hydroponic cultivation.

18. CONCLUSION

In conclusion, the study highlights that hydroponic and arenumponic systemsin
mushroom cultivation provide promising aternatives to traditional farming,
addressing issues like inconsistent substrate quality and contamination risks
(Ferdousi et a., 2019; Easin et al., 2017). These advanced methods offer precise
nutrient control, improved microclimate management, and increased productivity
(Gumeet al., 2013; Reet al., 2021; Nozzi et a., 2018; Rashid et al., 2021; Kumar
et a., nd). However, redlizing their full potential in the agricultural sector requires
further research into scaling, commercialization, technological innovation, and
economic feasibility, including market analysis and regulatory considerations.

REFERENCES

Asaduzzaman, M., Niu, G. and Asao, T., (2022). Nutrients Recycling in
Hydroponics: Opportunities and Challenges Toward Sustainable Crop
Production Under Controlled Environment Agriculture. Frontiers in Plant
Science, 13, p.845472.

Bechara, M.A., et ., (2006). Agaricus bisporus mushroom cultivation in
hydroponic systems. Transactions of the ASABE, 49(3), pp.825-832.

Buendia, M., Giménez, A., & Vaero, J., (2016). Agronomic quantitative
assessment of substrates based on spents of Agaricus bisporus and Pleurotus
ostreatus. Acta Agriculturae Sovenica, 107, pp. 355-371.

Carrasco, J. et al., (2018). Supplementation in Mushroom Crops and itsimpact on
yield and quality, AMB Express.

Chang, S., (2001). Mushrooms and Mushroom Cultivation.Wiley Online Library.
https://doi.org/10.1038/npg.€els.0000370

251



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

Cheng, C., Au, C., Wilke, S, Stgjich, J,, Zolan, M., Pukkila, P., & Kwan, H.,

(2013). 5'-Seria Analysis of Gene Expression studies revea a transcriptomic
switch during fruiting body development in Coprinopsis cinerea. BMC
Genomics, 14, pp. 195 - 195.

Easin, M. A., Hossain, M. |, Saha, S. R, & Roy, S. K. (2017). Techno-economic
analysis on mushroom cultivation in Bangladesh. Bangladesh Journal of
Mushroom, 1(1), 28-36.

Ferdousi, J., Al Riyadh, Z., Hossain, M. |, Saha, S. R., & Zakaria, M. (2019).

Mushroom production benefits, status, challenges and opportunities in
Bangladesh: A review. Annual Research & Review in Biology, 34(6), 1-13.

Flegg, P., (1979). Effects of competition on the development of mycelium,
mycelial  aggregates and sporophores of Agaricus bisporus. Scientia
Horticulturae, 11, pp. 141-149.

Gilmour, D.N., Bazzani, C., Nayga Jr, R.M. and Snell, H.A., (2019). Do
consumers vaue hydroponics? Implications for organic certification.
Agricultural Economics, 50(6), pp.707-721.

Gonzélez-Fandos, E., Jiménez, A., & Pardo, V., (2008). Quality and shelf life of
packaged fresh dliced mushrooms stored a two different temperatures.
Agricultural and Food Science, 15, pp. 414-422.

Grimm, D., & Wosten, H., (2018). Mushroom cultivation in the circular economy.
Applied Microbiology and Biotechnology, 102, pp. 7795 - 7803.

Gume, B., Muleta, D., & Abate, D., (2013). Evauation of localy available
substrates for cultivation of oyster mushroom (Pleurotus ostreatus) in Jimma,
Ethiopia. African Journal of Microbiology Research, 7, pp. 2228-2237.

Gurung, N., Ray, R. N., & Biswas, R. K. (2020). Aflatoxin contamination in
edible mushrooms; Contributing factors, prevention, and future research
perspective. Food Control, 114, 107257.

Jayasinghe, C., Imtiaj, A., Hur, H., Lee, G, Leg, T., & Lee, U., (2008). Favorable
Culture Conditions for Mycelial Growth of Korean Wild Strains in Ganoderma
lucidum. Mycobiology, 36, pp. 28 - 33.

Jung, J.,, Hong, S., Rinker, D., Choi, M., Leg, B., & Yang, J., (2010). Effects of
nutrient composition on yield and quality of mushroom in Lentinula edodes
cultivation using softwood sawdust. Journal of Korean wood science and
technology, 38, pp. 124-134.

Malik, A.M., Mughal, K.M., Khan, M.A. and Masood, A., (2018). Impact of
hydroponicstechnology in Pakistan'sfruits and vegetabl e sector and global trade:
A CGE analysis. FWU Journal of Social Sciences, 12(1), pp.190-202.

McCoy, C., Hill, A., & Kanavdl, R., (1972). A liquid medium for the large-scale
production of Hirsutella thompsonii in submerged culture. Journa of
Invertebrate Pathology, 19, pp. 370-374.

Narasegowda, T., & Kumar, N., (2020). Characteristics of anozzle spray in
relation to its application to aeroponics.

Re, A.M., (2021). The Construction and Development of an NFT System for
Mushroom Cultivation in Space: Decreasing Voids in Literature and
Demonstrating Technology. Unpublished undergraduate thesis. Virginia
Polytechnic Institute and State University.

Sharma, U., Barupal, M., Shekhawat, N., & Kataria, V., 2018. Aeroponics for
propagation of horticultural plants: an approach for vertical farming. Horticulture
International Journal.

Sheikh, B.A., (2006). Hydroponics: Key to sustain agriculture in water stressed

252



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

and urban environment. Pakistan Journal of Agriculture, Agricultural
Engineering and Veterinary Sciences, 22(2), pp.53-57.
Sousa, M., Costa, L., Pereira, T., Zied, D., Rinker, D., & Dias, E., (2019). Enzyme

activity and biochemical changes during production of Lentinula edodes (Berk.)
Pegler. Food Science and Technology.

Tiizen, M., Ozdemir, M. and Demirbas, A., (1998). Study of heavy metalsin some

cultivated and uncultivated mushrooms of Turkish origin. Food
Chemistry, 63(2), pp.247-251.

Yamag, M., Yildiz, D., Sarikiirkcii, C., Celikkollu, M. and Solak, M.H., (2007).

Heavy metas in some edible mushrooms from the Central Anatolia,
Turkey, Food Chemistry, 103(2), pp.263-267.

253



Nepalese Journal of Agricultural Sciences, January, 2024, Volume 26
elSSN 2091-0428; pISSN 2091-042X; esji ID = 6279

Nepalese Journal of Agricultural Sciences
Peer Review System (PRS)

Nepalese Journal of Agricultural Sciences

(NepJAS) is a peer-reviewed scientific journal of international
standard with ISBN 2091-042X and Online ISBN 2091-0428. It
conducts evaluation of the manuscripts by peers with an
expertise in the relevant subject. A thorough peer review is
conducted to maintain standard of quality.

NepJAS implements double-blind peer-review-system (PRS)
to ensure unbiased review. That means all the articles published
in this journal undergo integrated peer review by peers and
consequent revision by author(s) as per requirement.

Benefits of PRS
e The author receives detailed and constructive feedback
from the experts.
e The process alerts authors to the gaps in literature they
may have overlooked.
e Readers can be assured that the research articles they
are reading has been verified by subject matter experts.

PRS assures that
e The article is relevant to the journal's aims, scope, and
readership.
e The submitted article presents original research findings.
e The submitted article offers a comprehensive critical
review and evaluation of key literature sources for a given
topic; and
e The article is sound both methodologically and
technically.

254



