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Effect of Blended NPSB Fertilizer and Vermicompost on Growth, Yield
and Yield Components of Garlic (4//ium sativum L.) Under Rainfed

Condition in Enore District, Central Ethiopia

ABSTRACT

Garlic is economically important, though the productivity is below its potential due to
inappropriate use of soil fertility management practices particularly fertilizer rate and
type had significant role. Therefore, this study was conducted to investigate the effect of
Blended NPSB and vermicompost fertilizers on the growth, yield and yield components of
garlic under rain-fed conditions in Enore district, Central Ethiopia. The experiment
consisted of four rates of blended NPSB fertilizer (0, 122, 244, and 366 kg ha!) and four
rates of vermicompost fertilizer (0, 2.5, 5, and 7.5 t ha'?). The treatments were laid out in
a Randomized Complete Block Design in a 4x4 factorial arrangement with three
replications. Data were collected on the phenological, growth, and yield parameters of
garlic and analyzed using SAS software version 9.4. ANOVA results showed that all the
tested parameters of garlic were affected highly significantly (p < 0.01) by the interaction
effect, except days to maturity and the number of leaves per plant which was highly
significantly (p < 0.01) affected by the main effects of blended NPSB and vermicompost
fertilizers. Thus, the longest days to maturity of 126.7 and 127.6 were recorded at the rate
of 244 kg ha NPSB and 7.5 t ha' vermicompost fertilizer, respectively. Statistically the
longest plant height (62.6) and leaf length (55.6 cm) of garlic were recorded from the
combined applications of 366 kg ha' and 7.5 t ha'!. The highest leaf number of garlic
12.98 was recorded from 7.5 t ha! VC rate, which is statistically similar with 11.2 and
10.7 were recorded from 366 and 244 kg ha™! NPSB fertilizer rate, respectively. Similarly,
the highest average fresh biomass yield (65.2 g/plant), mean bulb weight (36.8 g),
number of clove (30.5), biological dry yield (47.5 g/plant) and harvest index (60.7%)
were recorded from the combined application of 244 kg ha' NPSB and 7.5 tha'VC
fertilizer. The highest marketable bulb yield 13 t ha™, total bulb yield 13.3 t ha™, and the
lowest unmarketable yield 0.32 t ha' were recorded from the combined application of
244 kg ha! and 7.5 t ha''. The highest net benefit (3,392,556 ETB ha ') was recorded
from the combined application of 244 kg ha' blended NPSB and 7.5 t ha “'VC fertilizer
with high MRR (1982.86). The study revealed that the integrated use of 7.5 t ha'VC and
244 kg ha'! blended NPSB fertilizers improved soil fertility status for sustainable garlic
production and productivity in the study area. However, more studies need to be
conducted at various agro-climatic conditions to generate more reliable results for
conclusive recommendations.

Keywords: Garlic, NPSB fertilizer, Total bulb yield, Vermicompost.
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1. INTRODUCTION

Garlic (Allium sativum L.; 2n=16) is a spice of bulbous plants in the family
of Amaryllidaceae various allium species, the garlic plant ranks second after onion in the
world (Yadav et al., 2017). About 10,000 years ago, garlic was adopted on the western
slope of the Tien Shan Mountains and distributed from there to Central Asia, Africa,
Europe, and America (Ipek et al., 2008). In Ethiopia, garlic is one of the main vegetables
and widely cultivated spice crops for both consumption and medicinal purposes (Tamiru
and Gedamu, 2019), such as being used for the treatment and control of various diseases
(Abdel-Razzak and El-Sharkawy, 2013). Along with the Allium species, garlic is a
unique commercially significant vegetable produce grown aimed at family use, sale,
nourishment treatment, and enhancement in the form of oil, minerals, or powder (Teshale

and Tekeste, 2021).

Garlic is known to have a wide range of adaptations and cultivation across the world
(Mohammed et al., 2012). The global total area covered by garlic is 1,659,236 ha, with a
total production of 28,494,130 tons and 18.42 t ha™! productivity (FAOSTAT, 2023).
China, India, Bangladesh, South Korea, Egypt, Spain, USA, Uzbekistan, Russia, and
Myanmar are known to be the major garlic producer countries in the world (FAOSTAT,
2023). In Ethiopia, garlic is an important bulb crop concerning its production and
economic value, both for smallholder and commercial growers (Da Silva et al., 2013).
However, garlic production declined from 16,411.19 ha during 2013/14 to 15,980 ha
during 2020/21, with a total production of 113,928.43 tons from 14,576 hectares of land
and an average productivity of 7.8 t ha! (FAOSTAT, 2023).

The current garlic productivity in Ethiopia 7.8 t ha! is below potential (CSA, 2021; Shege
et al., 2021), this generally indicates that Ethiopian garlic production is very low when
compared to the world average of 18.4 t ha™!. This could be due to various problems such
as low soil fertility, inappropriate use of fertilizers, high costs of chemical fertilizers, a
lack of improved varieties, diseases, and insect pests (Mohamed et al., 2014; Shafeek et
al., 2015). Among these, low soil fertility and inappropriate use of fertilizer are the most
commonly adopted bottlenecks to limit the production and productivity of garlic in

Ethiopia (Gezu, 2015; Kahsay et al., 2016).



Garlic requires a relatively high amount of nutrients for normal growth and development
due to unbranched, shallow root system with low nutrient extraction capacity (Yayeh et
al., 2017). The soil should be fertile, rich in organic matter, well-drained, and capable of
holding adequate moisture (Diriba, 2016). Most Ethiopian soils contain insufficient
macronutrients (N, P, and S) and micronutrients (Cu, B, and Zn) (Tegbaru, 2016). Due to
this, crop yields have reduced as expected even when the recommended rates of N and P
fertilizers are applied (Chillot and Hassan 2010). On the other hand, farmers in Ethiopia
in general, and in the study area, in particular, have used only two types of fertilizers
(DAP and Urea), which contain only nitrogen and phosphorus with the national blanket
recommendation application rate of 105 kg N ha' and 92 kg P»Os ha'! for garlic
production (EIAR, 2007). Moreover, the nutrients in these fertilizers are poorly utilized
due to the limited incorporation of organic fertilizers and soil-related factors such as P-

fixation, leaching, and volatilization of NO3z and N»O, respectively (Rop et al., 2019).

The Ministry of Agriculture of the country has introduced a new blended fertilizer
(NPSB), which contains N, P, S, and B with a ratio of 19%-38%—-7%—1% (ATA, 2016).
NPSB fertilizer has been recommended to ensure balanced fertilizer use, improve soil
fertility, and result in substantial increases in crop production (Tegbaru, 2016). However,
fertilizer has been applied based on blanket recommendations without considering soil
fertility differences across locations or levels of a specific area, thus leading to an
economic threshold for NPSB fertilizer (Melaku et al., 2017). Additionally, inappropriate
use of chemical fertilizers is the major cause of nutrient imbalance and environmental
damage through poisoning and exterminating soil fertility, thereby adversely changing the

chemical and physical properties of soil (Mbithi et al., 2015).

Therefore, the application of organic fertilizers like vermicompost (VC) is recognized as
an effective means for improving soil fertility, porosity, aeration, drainage, water holding
capacity, microbial diversity, enhancing cation exchange capacity (CEC), and large
surface area, by providing a strong capacity to hold and retain plant-available nutrients :
nitrates, exchangeable phosphorus, soluble potassium, calcium, and magnesium

(Hargreaves et al., 2008).



Vermicompost can be used as a resource for improving crop productivity on a
sustainable basis and is more financially safe in comparison to this inorganic fertilizers
(Singh and Chauhan, 2009). It is locally available, accessible and affordable to many
farmers, and it gets accepted as a good option for minimizing the risk of nutrient losses
(Yohanne et al., 2013). However, due to limited organic resources, competing uses
such as animal feed and fuel, and labor shortages for the preparation and transport of
compost, given the bulkiness of the compost required for an adequate supply of plant
nutrients, small-scale farmers cannot afford to add the required amounts of
vermicompost (Nigussie et al., 2015). On the other hand, the application of inorganic
fertilizers combined with organic fertilizers may reduce the use of synthetic fertilizers,
improve soil health and plant nutrient availability, and in higher crop yields (Bhagwan
et al., 2012). Furthermore, integrated nutrient application not only ensures the supply
of essential nutrients to plants but also has some positive interactions to increase

nutrient use efficiency, while also being environmentally safe (Bewuket et al., 2017).

In Gurage zone and particularly in the Enore district, garlic is one of the most
economically important vegetable crop (EWPCO, 2020). However, the production and
productivity of garlic in the district are low because of insufficient nutrient availability in
the soil (EWPCO, 2020). The main task of sustainable agriculture is to maintain soil
fertility and stabilize crop production from year to year, taking into account soil
degradation and yield reduction. In the study area, smallholder farmers apply imbalanced
fertilizers, which is a much lower rate compared to the countrywide comprehensive
recommendation for garlic production. On the other hand, farmers have limited awareness
about balanced soil fertility management; there is no well-proven information about site-
specific optimum recommendations for using blended NPSB and VC fertilizers for garlic
production in the area. Moreover, limited studies have been reported on the effect of
blended NPSB and VC fertilizers on the performance of garlic in the district (EWPCO,
2020).

Hence, there is a need to conduct research to site-specific recommendation rates of
commonly available blended NPSB and VC fertilizers for improving garlic production in

the study area. Therefore, the study has been initiated to achieve the following objectives:



1.2. General objective

To improve the productivity of garlic through optimum nutrient management in Enore

district, Central Ethiopia

1.3. Specific objectives

v To assess the effects of blended NPSB and vermicompost fertilizer rates on the
growth, bulb yield and yield components of garlic crops in the study area

v To determine the optimum combination rate of blended NPSB and vermicompost
fertilizer for garlic production in the study area

v To determine economically feasible NPSB and vermicompost fertilizer rates in the

study area



2. LITERATURE REVIEW

2.1. Origin, Distribution and Taxonomy of Garlic Crop

Garlic originated in Central Asia (India, Afghanistan, Western China, and Russia) and
spread to other parts of the world through trade and colonization (James, 2008). It is a
shallow-rooted vegetable crop (Allen, 2009). It is known that about 750 species belong to
the genus Allium, although only seven of them are widely cultivated in various parts of
the world (Shafeek et al., 2015). Recently, garlic has been cultivated all over
the world from the equator to 50° latitude in both hemispheres. However, garlic is most
popular in China, the Mediterranean region, and Latin America. In tropical Africa, garlic
is grown in the cold season at high altitudes in eastern and southern Africa. It is a popular
crop in the savanna zone and local cultivars show high genetic variability. It is rarely, if
ever, found in warm, humid lowlands (Westerfield, 2015). Garlic is an erect herbaceous
plant that is cultivated as an annual and its bulbs consist of many fibers that are split and

wrapped in a whitish skin (Hector ef al., 2012).

In addition, it contains 4-6 types of segments with a typical spicy taste. This annual herb
has a 60 cm tall cylindrical stem and thin, flat, and strong leaves that are 2-3 cm wide
(Vanaclocha et al., 2019). Garlic exhibits a wide morphological and agronomic diversity
between cultivars in characteristics such as bulb color and size, plant height, number and
size of cloves, days to harvest, harvest period, dormancy, and adaptation to agro-climatic
conditions (Westerfield, 2015). They are sown in full sun, which requires a lot of water
and fertilization. Like onions, garlic plants have thin, narrow leaves that are about 30cm
long. The roots reach a depth of up to 50 cm or a little more. The heads or bulbs are
white and divided into sections called helmets. Each head may contain 6-12 keys covered
with a white or reddish paper layer or shell (Hector ef al., 2012). The leaves begin to turn
brown and the tops fall, indicating maturity (Tadesse Abadi, 2015). When they ripen, the
bulbs are dug up and stored in a cool, ventilated place, often dried with smoke, which
reduces weight loss and partially prevents germination teeth become dry or scaly

(Vanaclocha et al., 2019).



2.2. Nutritional Value of Garlic

Garlic has a higher nutritional value than other bulbous plants (Abou El-Magd et al.,
2012). It is a source of volatile compounds and sulfur-containing compounds that are
responsible for its strong aroma, unique taste, bioactive properties, and health benefits
(Walag, 2020). Garlic is clinically very responsible for lowering blood pressure,
cholesterol, and glucose levels, as well as treating arteriosclerosis, blood clotting, flu,
cancer, and cryptosporidium in AIDS patients (Tsai et al., 2012). It also contains several
minerals and vitamins that are used for human health (Kumar et al., 2010). In addition
to vitamins, garlic contains many macro and micro elements and minerals. Its
pungent taste allows it to be used mainly as a seasoning, spice, and flavor in foods
with both green tops and onions (Zeru ef al., 2023). Garlic has been as a raw vegetable
(fresh leaves or dried cloves) or after processing as garlic oil, garlic extracts, or garlic
powder, the different forms have different chemical compositions and concentrations

of bioactive compounds (Lanzotti ef al., 2014).
2.3. Economic Importance of Garlic in Ethiopia

Garlic has played an important role as a cultivated spice and medicinal plant for more
than 5000 years (Bizuayehu et al., 2021). Therefore, garlic is a highly demanded crop in
Ethiopia (Alemayehu and Abate, 2021). Consequently, it is one of the most important
economic crops for poor smallholders in the highlands of Ethiopia (Alemayehu and Abate,
2021; Diriba, 2016). Garlic is one of the high-value vegetable crops in Ethiopia for local
market (Da Silva ef al., 2013). Economically, the demand for medicinal use, seasoning,
and cooking provides opportunities for many farmers to improve domestic production and
marketing in Ethiopia (CSA, 2021). In Ethiopia, garlic is the most widely cultivated
crop and an important cash crop for smallholders because its unit price is significantly
higher than most other vegetables (Emana et al., 2015). It is not only produced
for domestic use in making soup, pickles, and other preservatives (Degwale, 2014) but
also contributes to the national economy as an export commodity through Europe, the

Middle East, and North America (DzARC, 2006; Da Silva et al., 2013).



2.4. Ecological Requirements of Garlic

Garlic grows in various climate and soil adaptations and is cultivated worldwide in all
temperate and subtropical regions (Mohammed et al., 2012). It is well suited for areas
with an altitude of 800 to 2500 meters above sea level (m.a.s.l.) with cool weather
conditions (MOANR, 2016). Rainfall in the 4-6 month growing season should be 600-
700 mm, and the best growing conditions for garlic production are 12-24°C (MOANR,
2016). The soil must be sand, silt, and clay, rich in organic matter, well-drained, and
tolerate, with sufficient moisture during the growing season and a pH value of 5.8-7.2

(CVR, 2009).

The lower soil pH inhibits plant growth and soil pH below 5.0 can cause plant death
(Yadav et al., 2020). However, the application of organic fertilizer is recommended a few
weeks before planting to improve the physical properties of the soil. Well-
composted manure, spread and added at 20 to 30 tons per acre, has also been found to be
ideal for soil improvement, especially on low organic soils where the optimum soil pH
is below 5.8 spreading amounts must be well-filled so that there is an open growing bed
for the bulbs to grow (Carl Rosen, 2011). Beside this, application of optimum fertilizer is
indispensable to enhance crop growth and yield (Melaku et al., 2015).

2.5. Production Status, Constraints, and Opportunity for Garlic

Production in Ethiopia

2.5.1. Garlic Production and Productivity in Ethiopia

Garlic is mainly produced in the central and highlands of the country, and garlic for the
domestic market is mainly produced in the home gardens of subsistence farmers and is
mainly produced in cash. Garlic is widely cultivated in home gardens, but nowadays
it is produced in a few large farms (Ayed et al., 2019). According to CSA (2021), garlic
production, area coverage, production and productivity of garlic declined from 16,411.19
ha during 2013/2014 to 15,980 ha during 2020/21, with 113,928.43 tons from 14,576
hectares of land and 7.8 t ha'! respectively (FAOSTAT, 2023). The South Nations and
Nationalities region, next to Amhara and Oromia, was ranked third for the potential of
garlic production in a report by the Ethiopian Central Statistical Agency in 2018 (Teshale
and Tekeste, 2021). In the 2019/2020 cropping season also,148.2 hectares of land were
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covered with a production and productivity of 1778.4 tons and 12 t ha’!, respectively,
according to the wunpublished report from the Gurage Zone Agriculture and
Developmental Office (2019/2020). However, the current garlic productivity in Ethiopia
7.8 t ha'lis below its potential (CSA, 2021; Shege et al, 2021). Ethiopia's yield
differences compared to the world average (18.42 t ha') and developed countries such
as China (28.15 t ha!) probably reflect differences in inappropriate fertilizer use, low soil
fertility and technological resources, and lack of improved varieties, poor agronomic
management practices, diseases and pests (Mohamed et al., 2014 and Shafeek et al., 2015)
and lack of improved and more productive cultivars and germplasm (Atinafu et al., 2021;

Ayalew et al., 2015).

2.5.2. Production Opportunity of Garlic in Ethiopia

Ethiopia is one of the countries in Africa which have huge potential for the development
of different varieties of horticultural crops, including garlic (Selamawit and Tesfaye,
2019). It has favorable agroecology and natural resources, government policy
encouragement, proximity to European and Middle Eastern markets, and cheap labor,
which are suitable for the cultivation of garlic crop (Serbessa et al., 2023). However, the
farmers have not yet reached their full potential for garlic crop production (Kassa, 2015).
Moreover, Tabor et al., (2016) shows that, due to conducive policy framework, irrigation
potential, market proximity and niche, high labor force, agroecology and diversity of
horticultural crops (temperate to tropics), high yield per unit area as compared to other
crops, suitable agro-processing (fresh, semi-processed,etc.), high demand of vegetables in

local and export markets, and availability of improved varieties and technologies.
2.5.3. Production Constraint of Garlic in Ethiopia

Despite its importance, great potential for production and high market demand, the
current garlic production and productivity is limited and remain seasonal. Low soil
fertility is one of the factors limiting the productivity of garlic in Ethiopia mainly
accounted for removal of surface soil by erosion, nutrients removal by crops from the soil,
complete removal of plant residue from farm-land and lack of crop rotation system on the
farm land resulting in lower crop yields (Abay, 2016; Belay, 2015). Ethiopia's
smallholder garlic production and management system is founded on tradition, which is

not well-supported by scientific advice (Hunde, 2019). It is evident that the supply of



garlic produced is impacted by insufficient farmer skills, production expertise, product
management, efforts to apply sufficient amount of fertilizers, and conventional crop
management techniques (Hunde, 2019). Additionally constraints like limited access to
pest and disease control, a lack of fertilizer, theft, and limited extension services must be
overcome in order to maximize output and ensure desired outcomes (Habtamu et al.,

2023).

2.6. The Effect of Blended NPSB Fertilizer on Growth and Yield

Components of Garlic

2.6.1. Effect of Blended NPSB Fertilizer on Growth Attributes

Application of NPSB blended fertilizers is needed to meet the nutritional requirements of
vegetables and improve soil nutrient status (Gopinath et al., 2009). Generous application
of different rates of NPSB blended fertilizer directly enhancing the growth of garlic plant
or indirectly improve soil fertility. Plant growth is highly dependent on soil nitrogen (N)
supply and proper management (Adhikari et al., 2016). The rate, timing, and method of
application of N fertilizers are closely related to plant growth (Shrestha et al., 2018).
Application of P fertilizer is critical in the early stages of growth for normal meristem

development and rapid growth of garlic (Diriba, 2016).

Sulfur plays an important role in the formation of chlorophyll and therefore helps give
plants their green color. Sulfur is known to be involved in many reactions in all living
cells (Marsic et al., 2019). It contributes to the formation of plant proteins and improves
plant growth (Abdallah et al., 2010). Boron is also an important element for better
utilization of macro nutrients by plants and thus for a greater transfer of photoassimilates

interconnecting network during the growing season ( Ali et al., 2013).

Geleta (2014), reported that morphological characteristics such as plant height and the
concentrations of N, P, and S nutrients, as well as their uptake by garlic plants, were
significantly influenced by the applications of different compound fertilizers, seasons, and
soil types at different growth stages. Yayeh (2015) found that the highest mean plant
height of garlic (69.2 ¢cm) was achieved with the application of 105:122.6:22.6 kg ha™! N:
P>0Os:S fertilizer. They also identified that the highest number of garlic leaves (12.1) and
the longest leaves (48.6 cm) were observed at a rate of 140:122.6:22.6 kg ha! N: P,Os:S.
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Plants that did not receive N: P2Os:S fertilizer had the lowest leaf number as well as the

shortest leaves of garlic crop.

Research conducted by Nigatu et al. (2018) on onions indicated that the longest onion
plants (60.07 cm) were observed with the application of NPS fertilizer at a rate of
73.5:92:16.95 kg ha! N: P,Os:S, while the shortest plants were observed with no
application. On the other hand, they confirmed that the longest (51.07 cm) and widest
(1.44 cm) onion leaves were observed in onion plants fertilized with 136.5:119.6:22 kg
ha! N: P,Os:S, while the shortest (44.33 c¢m) and narrowest (1.33 cm) leaves were
observed in onions planted in the control plot. According to Manna (2014), the
application of 0.5% boron significantly increased plant height and the number of leaves

per plant compared to the control.
2.6.2. Effect of Blended NPSB Fertilizer on Yield Components

The application of blended NPSB fertilizer leads to an increase in the yield parameters of
garlic, improving soil fertility status (Gopinath et al., 2009). Nitrogen is an essential
nutrient in the soil and is associated with the synthesis of carbohydrates, thus increasing
the bulb weight and total yield of garlic (Abera et al., 2023). Yield parameters such as the
number of cloves, mean bulb weight and total bulb yield of garlic are also affected by
nitrogen fertilizer (Zaman et al., 2011). Phosphorus is an important nutrient for the
development of crop roots and reproductive organs. It is required for photosynthesis,
sugar and starch formation, energy transfer, and carbohydrate movement (Hamza, 2008).
However, P deficiency negatively affects root development, bulb size, and yield and may
also affect ripening (Tekalign ef al., 2012). Plant leaf, bulb yield, and quality traits

increase with sequential sulfur application (Diriba et al., 2015).

On the other hand, sulfur deficiency in the soil reduces the growth, yield, and quality of
garlic and significantly affects the agricultural economy (Scherer et al., 2008). Boron also
directly affects yield and yield-related traits by altering root development and facilitating
nutrient uptake through new root and stem development, which increases tuber and bulb
production (Epstein and Bloom, 2005). Boron can also increase bulb size, the number of

cloves per bulb, and the total yield of garlic (Mondel et al., 2016).
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Alemayehu et al. (2018) reported that the addition of nitrogen, phosphorus, sulfur,
and boron both individually and in combination had a positive response on the
yield characteristics of garlic. According to Degwale (2014), it was also reported that the
maximum number of cloves, fresh biomass yield, and total bulb yield of garlic were
recorded with the combined application of N and phosphorus. Research conducted by
Nigatu et al. (2018) indicated that the highest fresh weight (51.83 g) and dry weight (5.20
g) of above-ground biomass in onion plants were observed with a treatment combination
of 136.5:64.4:11.86 kg ha! N: P,Os:S fertilizer. They also observed that the maximum
bulb weight (198.83 g), highest marketable bulb yield (20.9 t ha!), and higher total bulb
yields (21.4 t ha') were obtained from onion plants supplied with a fertilizer rate of

105:119.6:22 kg ha™! N: P,0s:S, respectively.
2.7. Response of Garlic to Vermicompost Application

Vermicompost is known to contain micronutrients apart from major nutrients (Manaig,
2016). Additionally, VC stimulates to influence the microbial activity of soil, increases
the availability of oxygen, maintains normal soil temperature, increases soil porosity and
infiltration of water, improves nutrient content and increases growth, yield and yield
components of the garlic (Irfan ef al., 2021). Traditional compost farm yard and chicken
manure can also provide nutrients for plant to grow, but its salinity, nitrogen
immobilization and pathogen levels may be problematic due to this VC is better (Ansari

and Hanief, 2015).

Vermicompost is prepared by using pit methods (sized 0.4m*0.6m*1m wood box) under
shade to protect worms from sunlight and rain. The roof of shade was covered by steel
sheet and its wall covered by mesh wire and wood to protect birds and other animal attack,
Cattle manure, fresh animal dung and enset leaves were obtained from farmers around the
site ; vermiworms (Eisenia Fetida) is obtained from Oliso District Agricultural Office,
and enset leaves chopped to a smaller size to make favorable to worm action and to
provide more surface area per volume, which facilitates microbial activities as well as
moisture availability (Gummer District Agricultural Expert, 2024). Then the raw
materials (cattle manure fresh animal dung, and chopped enset leaves) were mixed in
8:4:1 ratio (Rameshwar et al., 2016) and water were sprayed to the mixture to moist

enough and make ready for warms. The mixtures were left with moisture for 30 days to
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degrade into smaller particles to make it palatable for the worms. Then after one month
11 kg of a substrate a mixture of pre decomposed bedding material and food source was
taken into the box and 300 number of worms (Eisenia fetida) were introduced and
sprayed with water to moisten it (Rameshwaret al., 2016). At the starting, the moisture of
the substrates was determined and water was sprayed every three to five days or
whenever drying was observed to maintain moisture at approximately 60-80% and
temperature till the entire set up is moist, but not wet. Because less water kills the worms

and too much water chases them away (Manaig, 2016).

During the process of the various organic wastes by earthworms, many of the nutrients
that it contains are changed to forms that are more readily available for plants in the form
of nitrate or ammonium nitrite, available phosphorous and soluble potassium, calcium
and magnesium (Suthar and Singh, 2008). This leads to improving the microbial activity
of the soil, increasing the availability of oxygen, maintaining soil temperature, improving
soil porosity and movement of water, improving nutrient content, and increases growth,
yield, and quality of the plant (Aslam et al., 2020). An increase in vegetative growth, all
the growth attributes such as plant height, leaf height, and number of leaves and weight of

fresh biomass in response to the increased rate of VC (Alemu ef al., 2016).

Vermicompost acts as a soil activator, soil conditioner, and soil fertility booster with all
required plant nutrients, vitamins, enzymes, growth hormones, and beneficial
microorganisms (Anonymous, 2009). Different research indicates the maximum fresh
weight of the bulb, dry weight of the bulb, mean bulb weight, number of cloves, and total
yield of garlic in positive response to the application of sulfur-containing VC (Patidar et
al., 2017). The application of VC can be enhanced the uptake of nutrients by the root
system, and increasing chlorophyll content, photosynthesis activity, and protein content

of plants (Kumar et al., 2019).

It has been available to promote essential soil micronutrients and microbial populations,
to ultimately promote plant growth and production on a sustainable basis (Kumar et al.,
2019). Pramanik et al. (2007) reported that VC releases humic acids which enhance
nutrient uptake by the plants by increasing the permeability of root cell membrane and
stimulating root growth. According to Verma et al. (2013), increased VC applications
also signify response to garlic which is the application of 7.5 t ha'! VC produced

maximum plant height, number of leaves per plant, chlorophyll content in leaves, fresh
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weight of leaves, number of cloves per bulb, weight of bulb, bulb diameter and bulb yield

of garlic.

2.8. Effect of NPSB Fertilizer and Vermicompost on Growth and Yield

of Garlic

2.8.1. Effect of NPSB Blended and Vermicompost Fertilizer on Growth Attribute

Combined application of NPSB blended, and VC fertilizer is a method that helps
agricultural production and makes the environment safe for prospective generation. It has
been defined as the application of soil fertility management practices that improve
fertilizer and organic resource use efficiency and improve crop production (Mucheru et
al., 2021). Moreover, integrated nutrient management requires proper plant growth, and
proximity with effective crop, soil, water, and land management, which are important for
sustaining agriculture over the long term (Mahajan et al., 2008) and also plant growth is
improved by increasing the population of microorganisms (Shaheen et al., 2007). The
growth parameter of garlic increased with increasing application rates of NPSB fertilizer
and organic fertilizer, including VC, which is increasing in plant height and leaf number
(Diriba, 2014). It also brings excellent biochemical changes in soil structure, which

ultimately promotes plant growth and production (Kumar et al., 2019).

The increase in leaf number per plant is obtained from the higher rate of NPSB fertilizer
attributed to the availability of Vermicompost which permits leaves to grow vigorously.
Nitrogen and sulfur fertilization interaction with vermicompost has the potential to
increase nutrient availability in the soil and thus enhance the uptake of nutrients by the
Plant (Bhagwan ef al., 2012). It also enhances protein synthesis, leading to an increase in
the buildup of carbohydrates and an increase in plant growth parameters (Zaman et al.,
2011). This is probably due to the combined positive effects of phosphorous and sulfur
existing in NPSB fertilizer on the metabolic processes of garlic (Arif et al., 2016).
According to Alemu et al. (2016), it is reported that the plant height of garlic is
significantly affected by the combination of mineral fertilizer and VC interaction. The
increase in height is due to an increased rate of the combination application of N, P, S,

and other micronutrients, and vermicompost fertilizers are required for healthy plant

growth (Surindra, 2009).
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2.8.2. Effect of NPSB Blended and Vermicompost Fertilizer on Yield Components

The importance of combining inorganic and organic fertilizers often improves soil
organic matter, nutrient cycling, soil physical structure, and soil water holding capacity,
and improves and helps maintain soil nutrient status, cation exchange capacity, and soil
biological activity (Vongdala et al., 2019). Which combined application of inorganic and
organic fertilizer has greater advantages than just input and positive interaction with soil
biological, chemical, and physical properties (Bekunda et al., 2010). The combined use of
inorganic and organic fertilizers promotes soil health and crop productivity, especially for
heavy fodder crops such as garlic (N'Dayegamiye, 2009). Garlic yield and performance
characteristics increased significantly with increasing nitrogen, phosphorus, and sulfur
content. Correspondingly, the higher total yield may be due to boron. This is the
translocation of sugar and carbohydrates to different parts of the plant body (Diriba et al.,
2015).

The combination of NPSB blended fertilizer rates with Vermicompost has a significant
effect on total fresh biomass yield, mean bulb weight, marketable bulb yield, and total
bulb yield (Alemu et al., 2016; Arif et al., 2016). Verma et al. (2012), reported that the
combined application of sulfur and vermicompost was significantly positive for the
number of cloves per bulb, weight of the bulb, bulb yield, and net returns of garlic.
According to Ababulgu (2018), it was reported that the highest total tuber yield (40.23 t
ha') and highest marketable tuber yield (39.79 t ha!) was obtained with the combined
application of 150 kg ha! blended NPS fertilizer + 30 t ha! Cattle Manure, while lowest
was from nil treatment. Mohammadi ef al. (2013), also reported that the presence
of nutrients in manure and balanced supplement of nitrogen and phosphorus through
mineral fertilizers might have contributed to increased cell division, expansion of cell
wall, meristematic activity, photosynthetic efficiency and regulation of water intake into

the cells, resulting in the enhancement of yield parameters.
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted under rainfed conditions during the rainy season of 2022
at Werkiati kebele, Enore District, Gurage Zone Central Ethiopia. The site is located 189
km from Addis Ababa and about 39 km from the Administrative Zone of Wolkite town in
South -West direction. Geographically located at a latitude of 8° 12" 28" to 8° 18" 32" N
and 37° 36" 15" to 37° 60" 28" E longitudes with an elevation point of 1930 m.a.s.l.
(EWPCO, 2020). The study area is characterized by well-drained clay loam soil; the
major crops grown in the area are Enset, coffee, avocado, mango, maize, teff, barley,
wheat, chat, potatoes, onion, and garlic. There are also different other horticultural crops,

and field crops, both under rainfed and irrigated conditions (EWPCO, 2020).
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Figure 1. Map of the study area
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According to the 10 years (2013-2023) meteorological data obtained from the former

Southern Nation, Nationality and Peoples’ Region State, Meteorological Agency and

Emdibir sub-station, the mean annual rainfall; annual mean minimum and maximum

temperatures of the study area were 850-1400 mm, 10.5 °C and 24.62 °C, respectively

(Appendix Table 7).
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Figure 2: Monthly mean minimum and maximum temperatures and rainfall of study area

3.2. Experimental Materials

The released garlic variety Tseday 92, which was obtained from the Debre-Ziet

Agricultural Research Center (DZARC) was used for the study. The variety was released
in 1999/2000 by Debre Zeit Agricultural Research Center (DZARC/ EIAR), which grows

in 1900-2600 geographical area. It has white-colored bulbs, green leaves, and a soft neck

and takes about 110-130 days to reach maturity with productivity higher than 8.5 t ha"!

(DZARC, 2019).

3.3. Treatments and Experimental Design

The treatments consisted of four levels of blended NPSB fertilizer rates (0, 122 kg ha’!,
244 kg ha'!, and 366 kg ha!) and four vermicompost rates (0, 2.5 t ha'!, 5.0 t ha'and 7.5 t

ha'!). A total of sixteen (4 x 4) treatment combinations in factorial arrangement were laid

out in a Randomized Complete Block Design (RCBD) with three replications.
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The two sources of fertilizers, i.e. NPSB and VC fertilizer are new to the area, so they
lack baseline information about the levels of NPSB and VC fertilizer. Therefore, to
determine NPSB fertilizer rates, 50% below and above the blanket recommendation (92
kg ha'! P,Os) with the concentration of N: P,Os: S: B, a ratio of 18.7%, 37.7%, 6.95% and
0.1%), respectively. The gross plot area was 2.0 m by 1.8 m (3.6 m?), which
accommodated six rows with 20 plants per row, a total of 120 plants per plot at the
spacing of 0.3 m and 0.1 m between row and plant, respectively. The distances between
plots and blocks were 0.5 m and 1 m, respectively. The net plot area was 1.8 m by 1.2 m
(2.16 m?) and data were collected randomly from the four central rows and left plants at

the most ends of each row as border plants.

Table 1. Treatment Combinations

Vermicompost rate NPSB Fertilizer rate Treatment Treatment
(tha™) (kg ha!) combination
0(VCO) ONPSB (0,0) T1
122NPSB (0,122) T2
244NPSB (0,244) T3
366NPSB (0,366) T4
2.5(V0O) ONPSB (2.5,0) TS
122NPSB (2.5,122) T6
244NPSB (2.5,244) T7
366NPSB (2.5,366) T8
5(VO) ONPSB (5,0) T9
122NPSB (5,122) T10
244NPSB (5,244) T11
366NPSB (5,366) T12
7.5 (VC) ONPSB (7.5,0) T13
122NPSB (7.5,122) T14
244NPSB (7.5,244) T15
366NPSB (7.5,366) T16

3.4. Vermicompost and Soil Sample Analysis

3.4.1. Vermicompost Sample and Analysis

Vermicompost, which was obtained from Gummer's agriculture office, was prepared
from animal dug and enset byproduct of read vermiworm (Eisena fetida) and analyzed
before applying it to the soil. Composite samples were taken, crushed into small pieces,
and prepared for chemical characterization. The chemical properties of the collected

samples were analyzed at the Wolkite soil laboratory; such as pH, cation exchange
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capacity (CEC) (Cmol (+) kg"'), organic carbon (%), total nitrogen (%), available
phosphorus (ppm), available sulfur (ppm) and available boron (ppm) using standard
laboratory procedures at the soil laboratory of Wolkite and Areka. The vermicompost pH
was determined using a 1:2.5 (w/v) ratio of VC sample to water using a pH meter
(Motsara and Roy, 2008).Cation exchange capacity (CEC) was determined using the
following ammonium acetate (1 N NH4OAc) extraction method (Van Reeuwijk, 2002).
Total nitrogen was analyzed using the Kjeldahl fermentation, distillation, and titration
method described by Dewis and Freites (1970). Available phosphorus was determined by
Olsen's methods in VC by extraction with sodium bicarbonate (Olsen, 1954). Boron was
extracted by hot water and measured by the Azomethine-H colorimetric method Bingham,

(1982), and available Sulfur was measured with 0.01M Ca (H2POs), (Hoeftet et al., 1973).

Laboratory analysis results of the vermicompost is presented in (Appendix Table 1). The
chemical properties of VC were moderately alkaline pH value (7.4), high OC (10.9 %),
and total nitrogen (0.91%) contents (Tekalign, 1991). On the other hand, the cation
exchange capacity of the VC was (45 cmol(+) kg') and characterized by very high
(Landon, 1991). The VC had a very high (35 ppm) available P (Cottenie, 1980) whereas,
according to Jones (2003) ratings, the available S (21.6 ppm) and B (1.53 ppm) contents
of VC were characterized by medium status (Appendix Tables 1 and 6).

3.4.2. Soil Sample and Analysis

Soil samples from the experimental area were collected before planting randomly from
ten spots on the experimental field. Samples were collected in a zigzag pattern by using
auger from the topsoil layer (0-30 cm) depth before planting, thoroughly mixed to make a
composite sample that was representative of the whole experimental field. The soil
samples were air dried, grained, and sieved, passed through 2 mm for determination of
physiochemical properties of the soil of the experimental site; except for soil OC and total

N, where the samples were crushed further to pass through a 0.5 mm sieve.

The composite soil sample was analyzed for physiochemical properties of the
experimental site, mainly textural analysis, soil pH, total nitrogen, available phosphorus,
available sulfur, available boron, cation exchange capacity (CEC), and organic carbon
(OC) (Appendix Table 1) using standard laboratory procedures at the soil laboratory of

Wolkite and Areka. Soil texture was analyzed using the Bouyoucos hydrometer method
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(Bouyoucos, 1965). Soil samples were creried out from each plot after harvest and
analyzed for selected soil properties following the standard laboratory procedures for
respective soil parameters. The chemical content of the soil was determined using similar

procedures used for the above vermicompost analysis.

Laboratory analysis results of physiochemical properties of experimental soil before
planting is presented in (Appendix Table 1). The textural class of the experimental soil
was silty clay with 20% of sandy, 48% silt, and 32% clay (Rowell, 1994). The soil pH
(H20) value of the experimental soil was (6.2 ) and characterized by slightly acidic
(Tekalign, 1991). Soils having a pH value in the range of 5.5 to 7.5 are considered to be
favorable for most garlic production (Landon, 1991). Cation exchange capacity CEC of
the soil was (22.0 cmol(+) kg!) and was characterized by moderate (Landon, 1991). The
contents of soil OC and total N were (0.45%) and (0.038%), respectively, and
characterized by very low (Tekalign, 1991). According to the rating of Jones (2003),
experimental soil has low available S (17.83 ppm) and very low B (0.084 ppm) content.
According to the rating of Cottenie (1980), the soil had a low 8.66 ppm content of
available P (Appendix Table 1).

3.5. Experimental Procedures and Crop Management

The experimental land was plowed three times using oxen-driven local plowing
implement and then leveled, and divided into new rows and plots. The experimental field
was well prepared and each treatment was randomly assigned to each plot within an
independent block. Two weeks before planting, vermicompost was applied to the
assigned plot and mixed with the soil. Healthy and uniform medium-sized bulbs of 1.5 -
2.5 grams were selected (Fikreyohannes et al., 2008) and planted at a depth of 3-4 cm.
Planting was done on the ridge with 30 cm rows and 10 cm plant spacing. Based on the
treatments, the total amount of NPSB fertilizer was applied at planting. Agricultural
operations, weed control, and appropriate cultivation were done manually starting from
sprouting and emerging out of the soil to harvesting day at two-week interval in each plot
uniformly (EIAR, 2007). Harvesting was done properly when the crop reached 100%
physiological maturity.
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3.6. Data Collection

The phenological parameter, growth, yield, and yield-related parameters were collected
and recorded from the central rows of each net plot area using the procedures described

below.

3.6.1. Phenological Parameter

Days to 50% emergence: It was recorded by counting the days from planting to when
50% of the planted cloves sprouted and emerged out of the soil.

Days to 75% maturity: It was recorded by counting the number of days elapsed from the
time of planting up to the time when 75% of plants in each plot became dry and collapsed

at the neck.

3.6.2. Growth Parameter

Plant height (cm): It was measured from the soil surface to the top of the longest leaf of
10 randomly selected plants at physiological maturity by using a ruler and the average
plant height was taken.

Leaf length (cm): It was measured from the attachment of the pseudo-stem up to the leaf
tip at physiological maturity by using a ruler and the average leaf length was taken from
ten randomly selected plants.

Number of leaves per plant: It was determined by counting the total number of leaves
taken from ten randomly selected plants per plot at physiological maturity and the

average number per plant was recorded.

3.6.3. Yield and Yield Related Parameter

Average fresh biomass yield (g/plant): It was determined by taking the total weight of
ten randomly selected plants from the central four rows of each plot by using a sensitive
balance and the average value is recorded as total fresh biomass yield per plant.

Mean bulb weight (g/plant): The weight of bulbs from ten randomly selected plants

from the central four rows was recorded and divided by the total number of bulbs.
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Number of cloves: It was recorded as the actual number of cloves collected from ten
randomly selected plants from the central four rows of each plot at harvest and calculated
as an average clove number.

Biological dry yield (g/plant): It was determined by oven-drying the biological yield
(total garlic plant including above and below-ground yield) at the temperature of 65 °C
for 72 hours and the weight of ten randomly selected plants from the central four rows of
each plot by using a sensitive balance and the average value is recorded as biological dry
yield.

Harvest index (%): was calculated as the ratio of economical yield to biological yield
(total weight of garlic plant including above and below ground biomass yield) of plant
harvested from the central four rows and multiplied by 100. The following equation to

calculate the harvest index was taken from (Pessarakli, 2001).

HI (%)= ———— x 100

Marketable bulb yield (t ha'): was recorded as bulbs which were free of mechanical
bruise, disease, and insect pest damages, uniform in color, and greater than 1g clove sized
bulb was considered as marketable (Fikreyohannes et al., 2008). The weight of such bulbs
obtained from four central rows was measured in kilograms using scaled balance and
converted into tons per hectare.

Unmarketable bulb yield (t ha'): Bulbs that were unhealthy bulbs (defected, diseased,
immature, badly stained skins, damaged) and less than 1g clove sized that may not
acceptable or unattractive observation, were considered as unmarketable. The weight of
such bulbs obtained from four central rows was measured in kilograms using scaled
balance and expressed as a ton per hectare.

Total bulb yield (t ha'): It was calculated as the sum of marketable and unmarketable

bulb yields and expressed as a ton per hectare.
3.7. Partial Budget Analysis

In this study, the partial budget analysis was done according to the methodology of
(CIMMYT, 1988). The experimental field used different rates of interaction of NPSB
with VC fertilizer. The total variable cost was estimated during the period of experimental
field that includes the cost of 122 kg, 244 kg, and 366 kg of blended NPSB and 2.5 ton,

5.0 ton, and 7.5 ton VC fertilizer, the cost of its application and transportation for each
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treatment, while the bulb used for planting, and labor for cultural practice was considered
as a fixed cost. The marketable bulb yield of garlic was reduced by 10% to reflect the
difference between farmer's and experimental field yield. Partial budget analysis included

gross benefit, the total variable cost, and net benefit of each treatment.

The gross benefit of each treatment was calculated by multiplying the adjusted yield and
field price of garlic, while the net benefit of each treatment was calculated by subtracting
total variable cost from gross field benefit (CIMMYT, 1988). To estimate the total costs,
the mean current prices of each treatment used at the time of planting and labor cost
involved due to additional input and the gross benefits obtained from garlic production
were calculated. All costs and benefits were calculated on a hectares basis in Ethiopian
birr (ETBha™!). The treatments were adjusted in an increasing the order of variable cost to

recommended economically profitable treatments (CIMMYT, 1988).

Adjusted Bulb Yield (ABY): was the average yield reduced by 10% to reflect the
difference between the experimental yield and the yield of farmers

Gross Field Benefit (GFB) (ETB ha™): was computed by multiplying the field/farm gate
price that farmers receive for the crop when they sell it as adjusted yield as GFB = ABY
x field/farm gate price for the crop.

Total Variable Cost (TVC) (ETB ha''): was determined by summing up the cost that
varies including the cost of NPSB, VC, and its application costs.

Net benefit (NB): was calculated as the difference between the gross field benefits and
total variable cost (TVC).

Marginal Rate of Return (MRR%): was determined by dividing the change in net
benefit by the change in total variable cost which was the measure of increasing in return
by increasing input. This means subtracting the net benefit of nil from the net benefit of
each treatment dividing by the total variable cost of each treatment and multiplying each

value by 100%.

Change in net benefit »
Change in total cost

Marginal rate of return (%) = 100
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3.8. Data Analysis

The collected data were subjected to Analysis of Variance (ANOVA). The analysis was
computed using the GLM procedure of SAS version 9.4 (SAS, 2011). Treatment means
comparisons were done using the least significant difference (LSD) test at a 5% level of
significance using the procedures as described by Gomez and Gomez (1984). Correlation

analysis among selected parameters was also done using Pearson's simple correlation

coefficient (Rebekic et al., 2015).
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4. RESULTS AND DISCUSSION

4.1. Post- harvest Analysis Results of Soil Chemical properties

The chemical properties of the soil after harvest are shown in (Appendix Table 2 and
Table 2). The application of blended NPSB and VC fertilizer had a positive response to
improve the nutrient status of experimental soil. The result revealed that the main and
interaction effects of blended NPSB and VC fertilizer were significant (p < 0.01)
influenced by OC, available S, available B, and CEC and followed the main effect of
NPSB and VC were significantly (p < 0.01) influenced on total N, available P, and soil
pH (Table 2). The contents of soil OC (3.2 %), available S (38.03 ppm) and cation
exchange capacity CEC (35.08 cmol(+) kg') recorded from the combined application of
366 kg ha'! and 7.5 t ha'showed an increment trend compared to the initial value. On the
other hand, the total N, available P, and soil pH of the experimental site after harvest
(0.21 and 0.22 %), (14.19 and 14.25 ppm) and (7.05 and 7.4) were obtained from the
main effect of NPSB and VC fertilizers, respectively (Table 2).

The contents of soil OC(0.22%) showed an increment trend compared to initial values
and were characterized by medium status as described by Tekalign (1991). The available
P showed an increment from low (8.66 ppm)to medium (14.19 and 14.25 ppm)levels after
the application of NPSB and VC fertilizers, respectively. Available S, available B, and
CEC were increased from the initial (17.83 to 38.03 ppm), (0.084 to 1.92 ppm), and (22
to 35.08 cmol(+) kg™ ), respectively. Soil pH was also increased from 6.2 to 7.05 and 7.4
as compared to the initial value which, could be characterized by moderately alkaline

(Tekalign, 1991).

The observed increment in soil available P in response to the increased levels of NPSB
application could be due to the applied P in the soil not being fully utilized by the crop
and remaining in the soil. For instance, the contents of total N, OC, and available P of the
soil increased significantly as the level of VC and NPSB fertilizers increased from 0 to
7.5 t ha'! and 366 kg ha’!, respectively, which significant increase in available S (21.6-
27.18 ppm), available B (1.07-1.24 ppm) and available P (11.98-14.19 ppm) of the soil as
an increasing level of NPSB fertilizer from 122 to 366 kg ha'!l. Similarly, the increase in
the levels of vermicompost fertilizers from 2.5 to 7.5 t ha'! significantly increased the

CEC from (26.1 to 30.9 cmol(+) kg') and the soil pH from (6.48 to 7.4), available B
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from (0.34 to 1.63 ppm), available S (20.5 to 31.2 ppm), available P (12.8 to 14.25 ppm),
total N (0.17 t0 0.22 %) and OC (1.9 to 2.68 %) (Table 2).

In general, compared to the initial status of the soil before planting, the application of
blended NPSB combined with VC fertilizer at the rate of 366 kha' and 7.5 t ha’
attributed to the improved nutrient status of soil OC, available S, CEC by 84, 53, 37.3 and
21.5 percent, respectively. Similarly available B also increased by 95.6% plot that
received 244 kg ha! NPSB and 7.5 t ha!. This indicated that the application of both
blended NPSB and VC fertilizers changed the nutrient status of experimental soil.
However, in all soil parameters, the lower chemical properties of soil after harvest were

recorded from the unfertilized plots.
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Table 2. The interaction effects of NPSB and VC fertilizer application on soil properties

of the experimental site.

Treatment Combination

NPSB VC oC TN AP AS AB CEC pH
000 0 0.41¢ 0.12! 8.87¢ 13.13! 0.027¢ 22.94¢ 6.13¢
2.5 1.61f 0.14¢hi 10.45¢ 16.39¢h 1.114 2428  6.28d
5 1.79¢f 0.16%h  11.22de 18.45f 1.2¢d 25.72¢F  7.13b¢
7.5 2.46° 0.17¢  11.65% 18.66 1.31bd 27464  6.85>d
122 0 0.41s 0.13M 10.67¢ 14.09M 0.03449¢  27.49de  §.32de
2.5 1.65¢f 0.17f 11.51d 19.93¢f 1.39b¢ 28.264 6.384¢
5 1.95dt  0.21bd  12.45¢d 21.64 1.41b¢ 28.564 6.78d
7.5 2.03%de (222c  ]33]b 30.9° 1.44b 26.82d¢ 7 33abc
244 0 0.39¢ 0.14fhi 1236 19.9¢f 0.14¢ 25.89f  6.33d
2.5  1.93def ( 18def 13.6% 21.6% 1.42b 28.37¢ 6.384¢
5 2.38b¢ 0.2323bc  13.44bc 27.2¢ 1.500° 31.32¢  6.85%d

7.5 3.032 0.242b 15.652 36.5% 1.928 34.11% 7.5%

366 0 0.38¢2 0.14fehi 12.6% 16.3¢h 0.035¢  24.53%  6.33de
2.5  2.3bed (0.2¢de 13.6% 24.14 1.42° 23.48¢  6.88bd

5 2.62° 0.242b 14.17° 29.6b 1.45b 32.95b¢ 7.1b¢

7.5 3.22 0.252 16.382 38.032 1.872 35.082 7.92

LSD (5%) 0.4 0.03 1.45 2.85 0.21 1.9 0.7

Sign *k ns ns *k ** *k ns
CV (%) 13.4 11.6 6.9 7.4 11.45 4.05 6.15

Where, OC, Organic carbon (%), TN, Total nitrogen (%), AP, Available phosphorous (ppm); AS,
Available sulfur (ppm), AB, Available boron (ppm),CEC; Cation exchange capacity
(cmol(+) kg—1); pH (1:2.5 soil to H>0), potential of hydrogen in water suspension; **highly
significant at P < 0.01; *significant at P < 0.05; ns, not significant at P > 0.05;, CV (%),
Coefficient of variation; means in a column followed with the same letter are not significantly
different at P > 0.05.

The result revealed that most of the soil chemical properties significantly increased as the
combined effect of VC and blended NPSB fertilizers levels increased (Table 2). These
results were also in harmony with findings reported by Kathuku et al. (2011) who
reported an increase in soil nutrients contributed by mineral NP fertilizer combined with
organic fertilizer when compared with sole applications. The application of 7.5 t ha! VC
combined with 366 kg ha'! blended NPSB fertilizers showed a significantly higher soil
OC 3.2 %, total N 0.25%, available P (16.38 ppm), and available S (38.03 ppm) than
control treatment followed by 7.5 t ha! VC combined with 244 kg ha' blended NPSB

fertilizers but the highest available B was recorded.

The increased available P by 47% over the initial status might be due to the reduced P
fixing capacity of the soil whereas soil OC was increased by 84.4% over the initial status

of the soil indicating that the application of combined VC and inorganic fertilizer
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improved the soil properties that could help for the decomposition of organic materials.
The increase in available P could be attributed to organic fertilizers due to VC facilitating
the release of the higher amount of P from the complex site of the soil. This finding is
supported by Tolanur and Badanur (2003) who reported that the increased available P
content of the soil might be due to the release of organic acids during decomposition

which in turn helped in releasing P.

4.2. Effect of NPSB and Vermicompost Fertilizer on Garlic Phenological

Parameters

4.2.1. Days to 50% Emergence

The ANOVA showed that both the main effects of NPSB fertilizer and VC as well as

their interactions did not influence days to 50% emergence (Appendix Table 3).

The non-significant difference among different rates of NPSB and VC fertilizer may be
due to pre-emergency and growth initiation of garlic seed clove before planting. It may
also be the movement of P in soil is very low and its uptake generally depends on the
concentration gradient and diffusion in the soil near the roots (Wang and Lambers, 2020).
In line with this, nitrogen and phosphorous nutrients did not significantly influence the
sprouting and shoot growth stages of garlic (Youssef, 2013; Betewulign and Solomon,
2014). However, the current result disagrees with Getachew and Temesgen, ( 2020) who
observed early emergence (9 days) by the application of 105:92:17 kg ha! NPS. This
result generally indicated that the highest rate of NPS boosted the garlic bulbs to emerge

faster.
4.2.2. Day to 75% Maturity

The analysis of variance showed that the main effect of blended NPSB and VC fertilizer
was highly significant (p <0.01) influencing the parameter days to 75% maturity of garlic.

However, their interaction did not influence this parameter (Appendix Table 3).

The longest days to maturity (126.7) and (127.6) were recorded by the independent
application of (244 kg ha') blended NPSB fertilizer and 7.5 t ha'! VC fertilizers,
respectively. This was statistically in parity with treatment 366 kg ha”' NPSB which took
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123.4 days to reach maturity and 7.5 t ha'! rate of VC which was statistically parity with
treatment 5 t ha™! which took 123.6 days to reach maturity. However, the shortest days to
maturity (116.8 and 117.5) were recorded from the control treatments 0 t ha”' VC and 0
kg NPSB ha’!, respectively (Table 3). The independent application of VC and NPSB at
the maximum rate of 7.5 t ha™! and 366 kg ha'! exceeded the days required for maturity at
control treatment by 8.46% and 4.78%, respectively. The increased level of NPSB from 0

to 244 kg ha'! showed significant increase in the days required to maturity significantly.

Similarly, the increased rates of VC from 0 to 5 t ha'! significantly increased the days to
maturity. However, the increased rates of NPSB fertilizer further to 366 kg ha! and VC
fertilizer to the maximum rate of 7.5 t ha!' did not bring a significant change on days to
maturity. This showed that increasing the level of fertilizer to the optimum increased the
days to maturity. The delayed days to maturity in response to an increasing rate of VC
may be attributed to the availability of optimum nutrient supply in VC that may have led
to delayed maturity through continued vegetative growth. The application of the optimum
rate of blended NPSB fertilizer delayed the days to maturity which could be due to the
role of nitrogen which can extend the vegetative growth period of plants in spite of

maturity.

The result agrees with Akuamoah (2016) who reported that organic fertilizer combined
with inorganic fertilizers delayed horticultural maturity compared with unfertilized
treatments and sole application of mineral fertilizers. Alemu (2014) also reported
increasing the rates of VC fertilizers and prolonged maturity days of garlic plants.
Moreover, Nebret et al. (2012) reported that a high rate of nitrogen application
significantly delayed physiological maturity. The day of earliest maturity recorded at
control treatment might be due to insufficient availability of nutrients that entered
vegetative growth. When plants have insufficient N they mature early, which is one of the
escape mechanisms of plants from stress conditions for normal growth (Jasso et al., 2005).
The result agrees with the findings of Abadi (2015) who identified a significant influence
of interaction effects of cultivars and nitrogen rates on plant maturity. Getaneh (2011)
also observed that plants grown with the highest level of nitrogen took the longest period

to complete vegetative growth.

28



Table 3. The main effect of NPSB and VC fertilizers on the day to 75% maturity of garlic.

Factor Treatment Day to 75 % maturity
NPSB (kg ha!) 0 117.5¢
122 121.9b¢
244 126.7%
366 123.4a
LSD (0.05) 4.52
VC (t ha'!) 0 116.8°
2.5 121.6°
5.0 123.6%
7.5 127.6*
LSD (0.05) 4.52
CV () 4.4

Means followed by the same letter within a column are not significantly different at 5% level of
significance, LSD) = least significant difference; CV = coefficient of variation.

4.3. Effect of NPSB and VC Fertilizer on Growth Parameters of Garlic

4.3.1. Plant Height

The analysis of variance revealed that the main effect of blended NPSB and VC fertilizer
as well as their interaction were highly significant (p < 0.01) in influencing the plant

height of garlic (Appendix Table 3).

The longest height of garlic (62.6 cm) was recorded from a combined application of 366
kg ha! NPSB and 7.5 t ha!' VC which was in statistical parity with a combined
application of 366 kg ha! NPSB and 5 t ha'VC (57.9 cm). However, the shortest height
of garlic (23.1 cm) was recorded from the unfertilized plot (Table 4). Thus, the height of
garlic plants obtained from the combined applications of 366 kg ha! with 7.5 t ha™!, and
366 kg ha'! with 5 t ha'! exceeded the height of garlic in the control treatment (0, 0) by
63% and 60.1%, respectively. The result showed that the height of garlic was increased
with increased and combined use of inorganic blended NPSB and organic VC fertilizers

from 0 to 366 kg ha'and 0 to 7.5 t ha! VC, respectively.
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The progressive increase in height of plants might be the response to increased rates of
inorganic NPSB and organic VC fertilizer application attributed to a significant role in the
building block of amino acids, nitrogen fixation, enhancing cell division, cell elongation,
and chlorophyll and protein synthesis and encourage root growth which promotes the
growth of garlic plants. The presence of boron in the blended fertilizer nutrient source
also significantly increased plant height due to its important role in cell division and
nitrogen absorption from the soil, enhancing plant growth and ultimately increasing plant
height (Potarzycki, 2009). The highest and above vegetative development of garlic might
be attributed to an enhanced photosynthetic activity which has been the response of
chlorophyll synthesis in the presence of the enriched amounts of sulfur. Increased the

height of plants gradually with increasing levels of sulfur (Zaman et al., 2011).

Vermicompost with sulfur combination helped to increase adequate essential nutrients
required for healthy plant growth. The present study agreed with Verma ef al. 2012 And
Kokobe et al. (2013) reported that the plant height increased significantly with the
application of vermicompost, farm yard manure, and nitrogen. This result is also
supported by the findings of Alemu et al. (2016) who reported that organic manure and
inorganic fertilizer supplied all the essential nutrients in measured variables like plant
height. Generally, it was observed that treatments that received both organic and
inorganic fertilizers produced plants with more height as compared to plants in
unfertilized plots. Gezahegn (2011) has also reported that plant height increased in
response to increased application rate of N and P fertilizers, which could be related to the
role of nitrogen in promoting vegetative growth and that of phosphate in favoring leaf

expansion and stem elongation.
4.3.2. Leaf Length

According to the analysis of variance, the interaction effects of blended NPSB and VC
fertilizer as well as the main effect had a highly significant (p < 0.01) effect on leaf length
of garlic (Appendix Table 3).

The longest leaf length (55.6 ¢m) was recorded from the combined use of 366 kg ha’!
inorganic NPSB and 7.5 t ha'! organic VC whereas the shortest leaf length (14.4cm) was
recorded from the control treatment. This was closely followed by treatment interaction

of 0 NPSB and 7.5 t ha! VC (40.5 cm); 122 kg ha! NPSB and 7.5 t ha!' (40.9 cm); 244

30



kg ha! and 5 t ha! and 7.5 t ha! (40.7 cm and 42.9 cm); 366 kg ha! NPBS and 5 t ha!
VC (40.5 cm) (Table 4). The result showed that the increased rates of NPSB from 0 kg
ha! to the maximum rate of 366 kg ha'! and VC fertilizer from 0 to 7.5 t ha! in
combination resulted in increased leaf length of garlic. The combined application of 366
kg ha! blended NPSB and 7.5 t ha'! VC resulted in an increased leaf length of garlic by
74%. The reason for the increase in leaf length of garlic plants at the highest doses of
organic and inorganic fertilizers might be attributed to a good range of available soil

macro and micronutrients for healthy and vigorous plant growth.

Similarly, it might also improve physio chemical properties of soil which is important for
plant growth, and a good root system for the leaf length of garlic. The application of a
sufficient amount of blended NPSB and VC fertilizer leads to promoted higher vegetative
growth of garlic which is regarded as higher leaf length of garlic plant (Zhou et al., 2005).
This result is supported by Diriba (2016) who reported that vigorous vegetative growth is
the result of balanced soil fertility management which is essential for enriching the
productivity of garlic. According to Zaman et al. (2011) combined application of NPSB
fertilizer with VC enhances protein synthesis leading to an increase in the buildup of
carbohydrates and an increase in plant growth parameters. Besides, Arif et al. (2016)
reported that the combined positive effects of phosphorous and sulfur found in NPSB

fertilizer on the metabolic processes of garlic could help to increase plant growth.
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Table 4. The interaction effect of blended NPSB and VC fertilizer on plant height and leaf
length of Garlic.

NPSB Vermicompost (t ha'!) Plant height (cm) Leaf length (cm)
(kg ha™)
0 0 23.1 14.4i
2.5 32.2)k 21.9h
5.0 43 4¢h 31.3M%
7.5 50.7¢def 40.5b
122 0 27.81 18.6'
2.5 33.91 23.8M
5.0 52.1bcde 35.5d
7.5 52.55d 40.9%
244 0 38.1hi 29.8¢8
2.5 46.94cte 32.8¢f
5.0 54,7 40.7°
7.5 56.2 42.9°
366 0 46.4¢°t 34,24det
2.5 44 91 37.4%
5.0 57.9% 40.5%
7.5 62.6 55.6
LSD (%) 5.88 3.9
CV (%) 7.8 6.98

Means followed by the same letter are not significantly different at 5% level significance. LSD
least significant difference; CV = coefficient of variation.

4.3.3. Number of Leafs per Plant

Based on the analysis of variance, the main effects of blended NPSB and VC fertilizer
were highly significantly (p < 0.01) influenced the number of leaves per plant. However,
the interaction showed a non-significant (p < 0.05) effect on the same parameter

(Appendix Table 3).

Statistically the highest leaf number of garlic (12.98) was recorded from the maximum
organic VC application rate of 7.5 t ha"! which was closely followed by VC at the rate of
5 t ha! (11.5) whereas the lowest leaf number (8.2) was recorded from the nil rate of VC.
On the other hand, the highest leaf number (11.2) was recorded from NPSB at the rate of
366 kg ha! which was statistically at par with the NPSB rate of 244 kg ha' (10.7)
whereas the lowest leaf number of garlic (9.6) was obtained from nil rate of NPSB (Table
5). Thus, increasing rates of NPSB from 0 to 366 kg ha'! increased the leaf number of
garlic significantly. For the main effect of organic VC, the increased rate from 0 to 7.5 t

ha! increased the leaf number significantly. Therefore, the leaf number of garlic at the

32



maximum rate of 7.5 t ha'! exceeded the leaf number obtained at 5t ha'!- and 2.5 t ha! and

by 37%, 28.7% and 10.9%, respectively.

Blended fertilizer attributed to the availability of both macro and micronutrients that
enhanced leaves to grow vigorously in size and number. Phosphorus is the constituent of
cellular protein and nucleic acid that might have encouraged the meristematic activity of
plants that might be enhancing root development, which might have led to effective
nutrient uptake and water resulting in the increased number of leaves per plant. Similarly,
nitrogen and sulfur fertilization may have also the potential to increase nutrient
availability in the soil and thus enhance the uptake of nutrients by the plant. This result is
in agreement with the findings of Shege et al. (2017) who described that the application
of nitrogen, phosphorous, and sulfur alone or in combination increased the growth and

development of garlic including the number and size of garlic leaves.

Gateri et al. (2018) reported that the highest leave number was recorded by the
application of the highest rate of nitrogen and the lowest was recorded from the control.
Uzma et al. (2016) reported that the low level of phosphorus fertilizer application resulted
in a reduction in leaf expansion and leaf surface area, as well as the number of leaves in
garlic. Similarly, Nasreen et al, (2007) reported that the maximum leaf number was
recorded with an increased application rate of sulfur. Manna (2014) also obtained that, the
maximum number of leaves as a result of the increased rate of boron application. Nigatu
(2016) reported that the highest number of leaves was recorded as a result of the
combined application of N: P>Os: S and the least number of leaves from unfertilized

plants.

The increase in leave number per plant due to an increasing rate of VC from O up to 7.5 t
ha! VC might be attributed to the availability of optimum nutrients contained in manure
and it might be contained micronutrients apart from major nutrients and which, contain
several enzymes that can promote plant growth, beneficial bacteria, and mycorrhizae
(Gupta, 2005). The current result is supported by the findings of Fatma et al. (2014) who
observed that, the increased application of VC had significantly increased vegetative
growth characteristics, plant height, the average number of leaves, and fresh and dry

weight of the whole plant and its different organs of the onion plant.
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Table 5. The main effect of blended NPSB and VC fertilizer on the number of leaves per

plant.
Factor Treatment Number of leaf’s per plant (cm)
NPSB (kg ha'!) 0 9.6°
122 10.4°
244 10.72°
366 11.22
VC (t ha'!) 0 8.24
2.5 9.2¢
5 11.5°
7.5 12.982
LSD (0.05) 0.7
CV (%) 8.3

Means followed by the same letter are not significantly difference at 5% level of significance.
LSD = least significant difference; CV = coefficient of variation. VC= vermicompost

4.4. Effect of NPSB and VC Fertilizer on Yield Components of Garlic

4.4.1. Average Fresh Biomass Yield

The analysis of variance showed that the average fresh biomass yield of garlic was highly
significant (p < 0.01) affected by the main effects of NPSB and VC fertilizers as well as
by the interaction effect (Appendix Table 4).

The highest average fresh biomass yield per plant (65.2g) was recorded from the
combined application of 244 kg ha'! blended NPSB and 7.5 t ha! VC fertilizer which was
followed by the interaction of 366 kg ha! NPSB and 7.5 t ha! VC fertilizer (57.5 g/plant).
However, the lowest average fresh biomass yield (28.2g) was obtained from plots that did
not receive either of the two fertilizers which are statistically on par with a nil application
rate of NPSB and 2.5 t ha! (32.7 g/plant) (Table 6). The highest average fresh biomass
yield obtained at an increased application rate of NPSB and VC might be because
fertilizer applied efficiently may be attributed to enriched nutrients in the soil, which

could have a positive effect on vegetative growth and root development of garlic. VC

34



improves soil's physical and chemical properties which finally results in a better

accumulation of photosynthetic products as compared to the control.

The rate of blended NPSB fertilizer significantly increased fresh biomass yield probably
due to its role in the synthesis of sulfur and boron-containing amino acids, proteins,
activation of enzymes, and energy transformation, which in turn enhances carbohydrate
metabolism and bulb setting (Adhikary et al., 2017).This result conformed with Tadilla
(2018) who suggested that the use of increased inorganic nitrogen fertilizer alone had
increased the weight of tubers. Moreover, the combined application of nitrogen and
manure at different levels increased the average tuber fresh weight compared to the
control treatment (Tadila and Nigusie, 2018). Gashaw et al. (2017) reported that the
interaction effect of recommended N, P, and compost had a significant effect on the
weight of garlic bulbs. Similar findings were reported by Damse et al. (2016) and Sitaula
et al. (2020), on the key role of integrating organic fertilizers, inorganic fertilizers, and

bio fertilizers increased crop yields.
4.4.2. Mean Bulb Weight

The analysis of variance showed that the mean bulb weight of garlic was highly
significantly (p < 0.01) influenced by the interaction and main effect of blended NPSB
and VC fertilizer (Appendix Table 4).

The highest mean bulb weight of garlic (36.8 g) was recorded from plots that received
244 kg ha! NPSB and 7.5 t ha'! VC fertilizer whereas, the lowest mean bulb weight
(10.9g) was recorded at the control treatment which was not significantly different with
combined application of nil rate of NPSB and 2.5 t ha!' (12.4 g), nil rate of NPSB and 5 t
ha'! (12.5 g), 122 kg ha! NPSB and nil rate of VC (12.6 g), 122 kg ha! and 2.5 t ha'! VC
(12.7 g). The present study indicated that the increased application of blended NPSB from
0 to 244 kg ha'! and vermicompost fertilizer from 2.5 to 7.5 t ha™! increased constantly in
the mean bulb weight which increased by 70.4 % and 64.5 over the unfertilized plot,
respectively (Table 6).

35



The current study is in agreement with the findings of Tadila (2011) who reported
increased mean fresh bulb weight of garlic from increased rate of N. Melaku (2010) also
indicated that increasing the rates of nitrogen fertilizer significantly increased mean bulb
weight of onion. The weight of the bulb increased significantly up to the highest dose of
7.5 t ha! VC (Verma et al., 2013). Likewise, Alemu (2014) reported that increased P
positively increased mean bulb weight by 20.72% over the control. The increased mean
bulb weight as a result of using VC could be due to the availability of major macro and
micronutrients in the VC. Besides, VC has been reported to contain several plant growth
promoters, enzymes, beneficial bacteria, and mycorrhizae which increase plant growth
(Gupta, 2005). Bewuket et al. (2017) also reported that the interaction effect of inorganic
NP and organic VC significantly affected the mean bulb weight of garlic.

4.4.3. Number of Clove

The analysis of variance revealed that the main and interaction effects of blended NPSB
and VC fertilizer were highly significantly (p < 0.01) influenced the number of cloves of
garlic (Appendix Table 4).

The highest number of cloves per bulb (30.5) was recorded from the pooled application of
244 kg ha! NPSB and 7.5 t ha! VC fertilizers. However, the lowest number of clove per
bulb (11.1) was recorded from the control or unfertilized plot which was in statistical
parity with interaction of nil rate of NPSB and 2.5 t ha! (12.5), nil rate of NPSB and 5 t
ha'! (12.5), 122 kg ha! NPSB and nil rate of VC (11.4), 122 kg ha! and 2.5 t ha"! (13.1)
(Table 6). The present study showed that the interaction of blended NPSB and VC
fertilizer application had a positive response on the number of cloves per bulb might be
due to the adequate addition of nutrients to the soil could result in to increased bulb

number and size of garlic.

This justification confirmed with Fanaei et al. (2014) number of cloves per bulb may be
an important attribute in increase bulb yield that could be considered a nutrient supply.
Application of an increasing vermicompost fertilizer results in an increased the cloves
number per bulb. The result also agreed with Alemu et al. (2016) also reported that the
application of VC showed a significant difference in the mean clove number. Similarly,
Abraha et al. (2015) also figured out that the maximum number of cloves was achieved

with the application of fertilizer while the lowest was with no application of fertilizer.
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Table 6. The interaction effect of blended NPSB and VC fertilizer on yield-related

parameters of garlic.

NPSB VC AFBW  MBW (g)  NC BDY  HI (%)
(kg ha) (tha) (g/plant) (g/plant)
0 0 28.21 10.9" 11.18 18.31 34.51
2.5 32.7¢hi 12.4b 12.5¢f¢ 23i 38.5hil
5.0 34.3feh 12.5¢h 13.2¢°f 26.3h 36.21
7.5 37.5¢ 15.1% 14.5¢ 31.5% 4().28hii
122 0 31.5M0 12.6% 11.4% 24.6M 42 .9¢feh
2.5 32.1M 12.7¢h 13.1¢t 25.8" 38.8ehi
5.0 34.9¢feh 17.59ef 13.8¢ 26.7" 49 7¢de
7.5 39.3¢ 20.2¢ 18.5¢ 33.3¢f 51.3bcd
244 0 39.2¢ 16.5¢f 13.4¢f 33.7def 4]¢ehi
2.5 44.7¢d 204 16.2¢4 364 44.7°%
5.0 48.1¢d 26.8°¢ 22.1b 45 32 55.7%
7.5 65.2° 36.82 30.5% 47.5° 60.7%
366 0 37¢te 17.5¢f 14.54% 30.3¢ 47 3def
2.5 43.84 18.74 16.9¢ 34.74¢ 42.7th
5.0 48.5¢ 26.6° 23.2b 41.7¢ 54.7%¢
7.5 57.5° 30.7° 21.9° 43 3be 54.82b¢
LSD(%) 454 2.7 23 2.6 5.9
CV(%) 6.7 8.4 83 48 7.8

Means followed by the same letter are not significantly different at a 5% level of significance.
LSD Least significant difference; CV = Coefficient of variation, AFBW= Average fresh biomass
weight, MBW= Mean bulb yield, NC = Number of cloves, BDY = Biological dry yield, HI =
Harvest index.

4.4.4. Biological Dry Yield

The analysis of variance showed that the biological dry yield of garlic was highly
significantly (p < 0.01) influenced by interaction and main effect of blended NPSB and
VC fertilizers (Appendix Table 4).

The highest biological dry yield (47.5 g) was recorded for the combined application of
244 kg ha'! NPSB and 7.5 t ha! VC fertilizers which was not significantly different from
the treatment interaction of 244 kg ha'! and 5 t ha! (45.3g/plant). However, the lowest
biological dry yield (18.3g) was recorded at the control treatment. The highest biological
dry yield obtained at the application of 244 kg ha'' combined with 7.5 t ha! VC fertilizer
exceeded the biological dry yield recorded at the control treatment by 61 % (Table 6).

The current result showed that increasing the levels of blended NPSB and VC fertilizer to
the optimum increased the biological dry yield of garlic, this could be the major nutrient

supplied by the inorganic fertilizers will be utilized quickly by the crops and all other
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micro and macro nutrients available in organic manure will be released slowly which,
supply of sufficient amount of nutrient into the soil from applied fertilizer which in turn
increases vegetative growth and that could promote chlorophyll molecule through
photosynthesis and proportional increasing of biological dry yield. The result is in
agreement with the findings of Choudhary et al. (2013) whose reported showed that
successive fertilization rates significantly increased bulb weight, number of cloves per
bulb, and bulb yield. According to Yadav et al. (2017), the application of organic
fertilizer gave the highest fresh weight of the bulb, dry weight of the bulb, number of

cloves per bulb, and bulb diameter as compared to other treatments.
4.4.5. Harvest Index

The analysis of variance revealed that the harvest index of garlic was highly significantly
(p < 0.01) influenced by the main and interaction effect of blended NPSB and VC
fertilizers (Appendix Table 5).

The highest harvest index (60.7%) was recorded from the combined application of 244 kg
ha! blended NPSB and 7.5 t ha! VC fertilizer which was not significantly different from
the treatment interaction of 366 kg ha' NPSB and 7.5 t ha! VC (54.8%), 366 kg ha'!
NPSB and 5 t ha! VC (54.7%), 244 and 5 t ha' VC (55.7%). However, the lowest (34.5%)
harvest index was recorded at control treatment (Table 6). The present study showed that
the increased levels of organic and inorganic fertilizer to the optimum level increased in
harvest index of garlic this might be due to VC and blended NPSB fertilizer enhancing
more vegetative growth and bulb formation that can develop economical yield. Compared
to the control treatment, the interaction effect of 244 kg ha™! blended NPSB and VC,
increased by about 43.1%. This result agrees with Geleta (2014) who reported that the
highest harvest index was calculated at the combined application of 138 kg N + 40 kg P +
30 kg ha'! S on Andosols and 138 kg N + 80 kg P + 0 kg ha™' S on Vertisols.

The highest harvest index response at the highest blended NPSB and VC fertilizer might
be the interaction of blended NPSB and VC fertilizer enhances the supplying power of
essential nutrients by the soil that is required for plant growth in both below and above
the ground parts. Wondimu (2009) reported that the highest harvest index for the Adama
Red cultivar of onion was recorded from treatment that received N and FYM at 25 kg ha"!

N + 8 t ha! FYM, respectively. Similarly, this result is comparable to the research report
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of Degwale (2014) who recorded the maximum harvest index recorded from a

combination of 46 N kg ha™! and 92 P,Oskg ha™'.
4.4.6. Marketable Bulb Yield

Analysis of variance showed that the marketable bulb yield of garlic was highly
significantly (p < 0.01) influenced by the main and interaction effects of blended NPSB
and VC fertilizer (Appendix Table 5).

Thus, the highest marketable bulb yield (13 t ha™!) was recorded from the combined use of
244 kg ha! NPSB and 7.5 t ha! VC. However, the lowest marketable bulb yield (3.4 t ha'!)
was recorded at the control treatment (Table 7). The marketable bulb yield obtained from
the interaction of 244 kg ha™! and 7.5 t ha! exceeded the marketable yield at the control
treatment by 73.85% (Table 7). The present study showed that increased blended NPSB
and VC fertilizer to the optimum rate increased the marketable bulb yield of garlic. This
might be due to the supply of adequate nutrients from the combined use of blended NPSB
and VC resulting in marketable size bulbs of garlic. Sulfur from blended NPSB and VC
fertilizer enriched the availability of micronutrients by amending the soil PH that could
contribute to the increase in the yield of garlic. This result agrees with Degwale (2014)
who reported the highest marketable yield at the combined application of N and P
fertilizers at 46 kg ha! N and 92 kgha! P»Os. Moreover, Yayeh (2015) recorded the
highest marketable yield of garlic (17.42 t ha'!) from 140:122.6:22.60 N: P,Os: S kg ha™!.

4.4.7. Unmarketable Bulb Yield

The Analysis of variance showed that the main and interaction effects of blended NPSB
and VC fertilizer were highly significantly (p < 0.01) influenced the unmarketable bulb
yield of garlic (Appendix Table 5).

As indicated in table 7, the lowest unmarketable bulb yield (0.32 t ha!) was recorded
from the treatment interaction of 244 kg ha' NPSB and 7.5 t ha™! VC fertilizers whereas
the highest yield for unmarketable bulb yield (1.24 t ha') was obtained from the
unfertilized plot. The current result showed that an increased rate of organic and inorganic
fertilizer to the optimum level decreased the yield of unmarketable bulbs might be due to

the availability of sufficient amounts of nutrients in the soil promoting the growth and
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large-size bulb yield of garlic. Contrary to this the highest unmarketable yield at
unfertilized plots might be the inadequate nutrients in the soil decreased growth and
increased yield of small-sized bulb which are undersized and unmarketable. This might
be attributed to the lower fertilizer rates reducing quantity and quality of production,

leading to irregularly shaped bulbs and undersized.

Moreover, the low contribution of photosynthetic products towards clove reduces the
growth of photosynthetic leaves could increase unmarketable bulb yield in unfertilized
plots. However, the combination of inorganic and organic fertilizers could be more
appreciated than a single fertilizer to reduce the unmarketable bulb yield of garlic. This
result agreed with the findings of Alemu et al. (2016) reported that unmarketable bulb
yield was significantly influenced by the main effect of VC and the interaction effect of N
and P fertilizers. Dargie (2015) also reported that increased rates of fertilizer application

decreased unmarketable bulb yield.
4.4.8. Total Bulb Yield

According to the analysis of variance total bulb yield of garlic was highly significantly (p
< 0.01) influenced by the interaction and main effects of blended NPSB and VC
fertilizers (Appendix Table 5).

The highest total bulb yield per hectare (13.3 t ha™!) was recorded from the combined use
of NPSB 244 kg ha'! and 7.5 t ha!'VC fertilizer whereas; the lowest total bulb yield per
hectare (4.7 t ha!) was recorded at the control treatment which was in statistical parity
with combined use of 122 kg ha! NPSB and 0 t ha! (5.02 t ha!) (Table 7). There was an
increase of 64.7% in the total bulb yield of garlic at an optimum application rate of 244
kg ha! NPSB and 7.5 t ha! over the control treatment. A possible reason for the increase
in total yield was revealed in the combined use of NPSB and VC fertilizers, which were
associated with improved soil fertility and a change in the soil environment that favors
better vegetative growth, which promotes crop yield and produces more harvest
photosynthesis. The increase in total garlic yield with the application of NPSB and VC
fertilizers was due to the positive effect of both nitrogen and phosphorus (Israel et al.,

2012).
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This is probably due to improved conditions that increased the vegetative growth of aerial
parts and thus the transfer of photosynthesis to storage parts (Alemayehu et al., 2015).
Similar results were attained by Ramandeep ef al. (2015), Falodunet al. (2013), and Rizk
et al. (2014), whose findings recorded the highest yield of onion bulbs by the combination
of organic with inorganic fertilizers than with mineral fertilizers alone. The current study
also corroborated with the findings of Ngullie et al. (2011) who reported that maximum
yield was obtained with the application of 50% VC +50% RDF N.

The result is also in line with the finding of Yadav (2015) who reported that the
maximum yield recorded under the application of 50% VC + 50% RDF which caused

70.63% more yield than untreated control.

Table 7. The interaction effect of blended NPSB fertilizer and Vermicompost on yield

parameters of garlic.

NPSB Vermicompost Marketable Unmarketable Total bulb yield
(kg ha!) (tha') yield (tha')  bulb yield (t ha!) (tha™)
0 0 3.4h 1.242 4.7
2.5 4.4¢ 0.94° 5.37M0
5.0 5.4f 0.84%¢ 6.3¢
7.5 5.8f 0.76° 6.56
122 0 4.2¢ 0.82¢de 5.021
2.5 5.3f 0.95° 5.99¢n
5.0 6.4¢ (0. 7defeh 7.1¢f
7.5 7.2¢ 0.58¢h 7.75%
244 0 7.24 0.81bcd 7.94
25 7.54 0.78¢de 8.14
5.0 10.4° 0.65¢teh 11.1°
7.5 132 0.32 13.32
366 0 7.64 (.72¢defe 8.3d
25 9.0° 0.6%" 9.65¢
5.0 10.2° 0.54h 10.77°
7.5 9.2¢ 0.611h 9.9
LSD (%) 0.7 0.15 0.81
CV (%) 5.7 12.3 6.1

Means followed by the same letter are not significantly difference at 5% level significance. LSD=
Least significant difference; CV = Coefficient of variation
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Combined application of blended NPSB and VC rate of fertilizer improved the yield of
garlic due to the moderation effect on soil chemical properties such as OC, total
N.,available P, and soil pH thus made available to plants that contributed positively to
total bulb yield. Israel ef al. (2012) reported that increasing the rate of blended NPSB
fertilizer response with an increase in total bulb yield was due to the positive effect of
both nitrogen and phosphorus on total bulb weight. Increasing the rate of sulfur also
increases total bulb yield significantly this might be due to the synthesis of sulfur-
containing amino acids which enhances carbohydrate metabolism and photosynthetic

activity of plants (Juszczuk and Ostaszewska, 2011).

The present study conformity with the findings of Rodriguez et al. (2012), Verma et al.
(2013), and Agegnehu et al. (2016) who reported that the application of VC in addition to
mineral fertilizer that contains nitrogen, phosphorus, and boron tends to increase the yield
of potato when compared to fertilizer applied alone. The application of the higher rates of
VC and NPSB resulted in higher yields (Agegnehu et al., 2016). Moreover Shibabaw et
al. (2018) also stated that the integrated application of inorganic and organic fertilizers
has a great importance in maintaining and supplying a higher-level nutrient that could
improve the soil fertility and productivity of garlic than their separated applications.
Similarly, highly vegetative growth was observed as the result of a balanced nutrient
supply in the soil which may be available for good bulb formation and enhancing
productivity of garlic (Diriba, 2016). However, furthermore application of fertilizer
results in excessive vegetative growth and also induces toxicity to plants could negatively

affect bulb formation and productivity of garlic (Tadila and Nigusie, 2018).
4.5. Correlation Analysis

The correlation coefficient of plant growth and bulb yield of garlic were analyzed for
different response variables which helped to show how the yield components and growth
characters were affecting the total yield of garlic. Results on simple correlation
coefficients revealed that mean bulb weight, marketable bulb yield, and total bulb yield of
garlic exhibited significant (p < 0.01) and positive correlation with all growth characters

(Table 8).
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The mean bulb weight was significantly and positively correlated with plant height
(r=0.73**%*) leaf length (0.72***) and number of leaves per plant (r=0.66***). Similarly,
the correlation analysis also indicated that marketable bulb yield showed significant
(p<0.01) and positive correlation with plant height (r=0.71%*%*), leaf length (r=0.72%**%*),
number of leaves per plant (r=0.56**%*), average fresh biomass yield (r=0.88***), mean
bulb weight (r=0.92***) number of clove (r=0.89***), biological dry yield (r=0.94%*%*),
harvest index (r=0.81***), and total bulb yield (r=0.99***). On the -contrary,
unmarketable bulb yield was highly significantly and negatively correlated (p < 0.001)
with plant height (r=-0.74), leave length(r=-0.73), number of leaves per plant (r=-0.61),
average fresh biomass yield (r=-0.74), mean bulb yield (r=-0.77), number of cloves (r=-
0.76), biological dry yield (r= -0.76), harvest index (r=-0.75), marketable bulb yield (r=-
081), total bulb yield (r=-0.78) (Table 8). A similar result was reported by Rice et al.
(1993) who reported that onion bulb size can be increased by the application of N during
the growing period. Moreover, Khandakhar et al. (2004) also observed a positive and

significant correlation of total dry matter yield with total N, P, and K uptake.

The positive and significant correlation (r-value) between growth parameters and yield
components of garlic indicated that yield components are highly influenced by growth
parameters. Therefore, the application of inorganic and organic fertilizers positively
influenced the growth and yield components of garlic. This indicated that photosynthetic
and metabolism activity were positive in response to the application of NPSB and VC

fertilizers attributing to garlic productivity.
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Table 8. Correlation coefficients among growth and bulb yield attributes of garlic.

PH LEL NLPP AFBY MBW NC BDY HI MBY  UMBY TBY
PH 1
LEL 0.92"* 1
NLPP  0.79"" 0.83™" 1
FB 0.69™*  0.722** 0.70"" 1
MBW  0.73""  0.723"" 0.66"" 0.96™ 1
NC 0.66™*  0.66"" 0.68"" 0.93"" 092" 1
BD 0.757* 078 0.677"  0.90"™" 091" 088" 1
HI 0.697*  0.69™  0.66™" 0.82"" 086" 081" 073" 1
MBY 071" 072" 0.56™  0.88""  0.92"" 0.89"™" 0.94™ 078" 1
UMBY -0.74"" -0.73"" -0.61"" -0.74™" -0.77"" -0.76"" -0.76"" -0.75"" -0.81"" 1
TBY 0.70"*  0.72""  0.55™"  0.88""  0.92""" 0.88™" 093" 0.777" 099" -0.78"" 1

Where, PH = Plant height; LEL= Leaf length; NLPP = Number of leaf per plant; AFBY average fresh biomass yield ; MBW = Mean bulb yield;, NC =
Number of clove; BDY = Biological dry yield; HI = Harvest index; MBY = Marketable bulb yield; UMBY = Unmarketable bulb yield; TBY = Total bulb
yield and *** and - = highly significant at (p < 0.001) and negatively correlated, respectively.
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4.7. Partial Budget Analysis

The economic analysis revealed that the highest net benefit (3,392,556 ETB ha'') was
recorded at the combined application of 244 kg ha'NPSB and 7.5 t ha'VC fertilizer with
their acceptable high MRR, and (2,698,556 ETB ha™') net benefit was followed by
combined application of 244 kg ha! NPSB and 5 t ha'VC fertilizer. However, the lowest
(91,800 ETB ha'! net returns) was received with the control treatment (Table 10). Diriba
et al, (2015) reported that the highest net benefit was obtained with the combined
application of fertilizers for garlic crops. Similarly, Melaku et al. (2015) reported that
50% of recommended NP fertilizer plus 30 t ha'! poultry manure gave in the highest mean
bulb weight that resulted in the highest net benefit. From the economic point of view, it
was apparent from the above results that the combined application of 244 kg ha™! NPSB
and 7.5 t ha! gave the highest net benefit with acceptable MRR and was more profitable
than the rest of the treatment combinations, Therefore, this combination could be

provisionally recommended for garlic production in the study area.
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Table 9. Partial budget analysis of the effect of blended NPSB and VC fertilizer on garlic.

Treatment combination MBY(thas Ajd. Y GB TVC NBT MRR
NPSB (kg ha') VC (t ha'!) M) (tha) (ETB tha') (ETB tha') (ETB tha ') (%)
0 0 3.4 3.06 918,000 0 91,800 -
0 2.5 4.4 3.96 1,188,000 35,000 1,153,000 3,032
0 5 5.4 4.86 1,458,000 70,000 1,388,000 671.43
0 7.5 5.8 5.22 1,566,000 105,000 1,461,000 208.57
122 0 4.2 3.78 1,134,000 6,222 1,127,778 D
122 2.5 53 4.77 1,431,000 41,222 1,389,778 748.57
122 5 6.4 5.64 1,692,000 76,222 1,615,778 645.71
122 7.5 7.2 6.48 1,944,000 111,222 1,832,778 620
244 0 7.2 6.48 1,944,000 12.444 1,931,556 D
244 2.5 7.5 6.75 2,025,000 47,444 1,977,556 131.43
244 5 10.4 9.27 2,781,000 82,444 2,698,556 2,191.43
244 7.5 13 11.7 3,510,000 117,444 3,392,556 1,982.86
366 0 7.6 6.84 2,052,000 18,666 2,033,334 D
366 2.5 9 8.1 2,430,000 53,666 2,376,334 980
366 5 10.2 9.18 2,754,000 88,666 2,665,334 825.7
366 7.5 9.2 8.28 2,484,000 123,666 2,360,334 D

Where, MBY= marketable bulb yield, Adj-Y=adjusted yield downwards by10%, GB= Gross benefit, TVC= Total variable cost, NB= Net benefit, MRR =
Marginal rate of return, D = Dominated. Cost of NPSB = 46 birr per kg, application cost (NPSB =500 BIRR 100 kg ha' and VC= (1000 birrt ha '),
and market price of garlic = 300 birr kg
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

Low soil fertility and inappropriate use of fertilizer are the most limiting factors for the
production and productivity of garlic in Ethiopia which needs to integrate blended and
organic fertilizers.Production per unit area increases through the use of inorganic and
organic fertilizers could be important to sustain the productivity of agriculture. Therefore,
the study was conducted to determine the effect of NPSB fertilizer and VC on the growth,
yield and yield components of garlic under rainfed conditions in Enore district, central
Ethiopia. The experiments were laid out in Randomized Complete Block Design in
factorial arrangements of four levels of blended NPSB fertilizer (0, 122, 244, and 366 kg
ha!') and four levels of VC rates (0, 2.5, 5.0, and 7.5 t ha'! ) with three replications. Major

crop data were collected on phenological, growth, and yield parameters.

Selected physiochemical properties of the soil were determined before planting and after
crop harvest. The result revealed that experimental soil had a slight increment in total N,
available P, available S, B, and percent of soil OC. Moreover, the CEC of the soil also
showed that an increment indicating to some extent improves the soil fertility status of the
area. The results also showed that both the main effects of NPSB fertilizer and
vermicompost, and the effect of their interactions did not influence days to 50%
emergence. However, the results revealed that the main effect of NPSB and
vermicompost fertilizers had significantly affected the day to 75% maturity and the

number of leaves per plant.

The longest days to maturity (126.7) and (127.6) were recorded by the application of 244
kg ha! blended NPSB and 7.5 t ha'! VC fertilizer, respectively, and the highest number of
leaves per plant (11.2) and (12.8) were recorded from 366 kg ha! NPSB and 7.5 t ha! VC
fertilizer, respectively. On the other hand, the plant height and leaf length of garlic were
significantly influenced by the main and interaction effect of blended NPSB and VC
fertilizer. The highest plant height and leaf length of garlic (62.6cm) and (55.6 cm),

respectively.
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Similarly, all yield and yield-related parameters were significantly influenced by the main
and interaction effects of NPSB and VC fertilizer. The highest average fresh biomass
yield (65.2g), mean bulb weight (36.8g), number of cloves (30.5), biological dry yield
(47.5 g), harvest indices (60.7%), marketable bulb yield (13 t ha™!), total bulb yield (13.3 t
ha!), and the lowest unmarketable bulb yield (0.32 t ha!) were recorded from 244 kg ha
'NPSB combined with 7.5 t ha! VC fertilizer application. While the lowest phenological,
growth, yield, and related parameters were recorded from the unfertilized plot (i.e.,
control treatment). The application of inorganic fertilizer combined with organic fertilizer
on soil positively responds to the yield of garlic. Determine optimum rate of blended
NPSB and VC fertilizer had a significant for increasing the productivity of garlic. The
economic analysis showed the highest net benefit (3,392,556 ETB ha'') was recorded at
the combined application of 244 kg ha™! blended NPSB with 7.5 t ha'! VC fertilizer with
an acceptable high MRR.

5.2. Recommendations

The study revealed that the integrated use of 7.5 t ha! VC and 244 kg ha™' blended NPSB
fertilizer improves soil fertility status for sustainable garlic production and productivity in
the study area. Beside lack of base line information about NPSB fertilizer experimental
material used only P>Os above and below 50% this is under estimated to N fertilizer
blanket recommendation, so considered to balance 92 ka ha! P>Os and 105 kg ha! N by
adding urea. However, since the experiment was carried out only in one specific location
and only for one season, it demands more studies at various agro-climatic conditions to

generate more reliable results for recommendation.
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7. APPENDIX

Appendix Table 1. Soil Physiochemical Properties and Characteristics of Vermicompost

Before Planting
Parameters Soil Vermicompost

Value Value

pH (H20) 6.2 7.4

OC (%) 0.5 11

TN(%) 0.04 0.91

Av.P(ppm) 8.66 35

Av.S(ppm) 17.83 21.6

Av.B(ppm) 0.084 1.53

CEC(cmol(+) kg*! 22 45

Soil particle size

Sand (%) 20

Silt (%) 48

Clay (%) 32

Textural class Silty clay

Appendix Table 2. Mean squares of ANOVA for Selected Chemical Properties of Soil

after Harvest

Mean Squares

Sourceof D.F  OC N AP AS AB CEC pH
Variation
Replication 2 0.07" 0.0005"  0.82»  1.21™ 0.015™ 0.345"  (.28"
NPSB 3 1.05"  0.009™ 33.74™ 281.6™ 0.263 52.66"™  0.54"
VC 3 116" 0.019" 2023 500.7" 56.03" 89.15" 3.22"
NPSB*VC 9  0.19" 0.0006™ 0.539" 31.82°" 0.048" 21.77° 0.156™
Error 30 0.0575 0.00045 0.754 292  0.0160 1.282 0.174

Where, OC, organic carbon (%), TN, total nitrogen (%), AP, available phosphorous (ppm); AS,

available sulfur (ppm), AB, available boron (ppm),CEC; cation exchange capacity (cmol(+) kg™');

pH (1:2.5 soil to H>0), potential of hydrogen in water suspension; **highly significant at P <

0.01; *significant at P < 0.05;
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Appendix Table 3. Mean squares of ANOVA for Phenological and growth parameters of
garlic as influenced by NPSB and VC fertilizer

Mean Square

Source of D.F DE PH LEL NLPP DM
Variation

Replication 2 0.75000" 14.7484™  56.394815™  0.91341" 6.0833"¢
NPSB rate 3 0.14ns 550.9524™  519.319™  4.77624™ 170.687"
VC rate 3 0.1388™  1255.2856™ 998.868" 5578851  239.687""

NPSB*VC 9 0.12037" 48.932" 38.7557%  1.09657™  56.85416"
Error 30 0.26111111 12.446797 5.579892  0.7585924  29.350000

Where, D.F= Degree of freedom, DE= Day to 50% emergency, PH = Plant height, LEL= Leaf
length, NLPP= Number of leaf per plant, DM= Day to 75% maturity, NPSB= Nitrogen,
Phosphorous, Sulfur and Boron respectively, VC= Vermicompost, ns,* ** indicates non
significant, significant and highly significant differences at 5% and 1% probability level
respectively.

Appendix Table 4. Mean squares of ANOVA for average fresh biomass yield, mean clove
weight, clove number per bulb and biological dry yield of garlic as influenced by NPSB
and VC

Mean Square

Source of D.F AFBY MBW NC BDY
Variation
Replication 2 6.725" 7.527727" 1.074ns 2713.02*"
NPSBrate 3 824.584" 422.5970™ 167.763™ 69650.52""
VC rate 3 542600764 312.94™ 177.527* 34921.35™
NPSB*VC 9 47.100949" 32.293587" 26.5586058™ 1285.71"
Error 30 2223 2.577049 1.919193 249.1319

Where, AFBY = Average fresh biomass yield, MBW= Mean clove weight, NC= Number of clove
per bulb and BDY= Biological dry yield, ns,* ** indicates non significant, significant and
highly significant differences at 5% and 1% probability level respectively.
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Appendix Table 5. Mean squares of ANOVA for harvest index(%), marketable bulb yield
(t ha'!), unmarketable bulb yield and total bulb yield of garlic as influenced by NPSB and
VC.

Mean squares

Source of D.F HI MBY UMBY TBY
Variation
Replication 2 8.98" 2.73812* 0.00328m 2.82703*
NPSB 3 442,07 66.05187* 0.266918™ 58.72130™
VC 3 346.5™" 25.41243™ 0.263596™ 21.35348™
NPSB*VC 9 4543 3.05965™ 0.040126™ 2.74575™
Error 30 387.6 0.1719028  0.00832792  0.2351446

Where, HI= Harvest index, MBY= Marketable bulb yield (t ha'), UMBY= Unmarketable bulb
yield and TBY= Total bulb yield, ns,* ** indicates non- significant, significant and highly
significant differences at 5% and 1% probability level respectively.
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Appendix Table 6. Interpretive values or Ratings for Selected Soil Properties

Ratings
. . . Very
Soil Parameters ~ Very low Low Medium High high Sources
Soil OC (%) <05 0515 1530 =30 B Tekalign (1991)
Total N (%) <0.05 %0152' 0.12:025 >0.25 B Tekalign (1991)
AVaﬂ‘i‘(‘;l_el)P (mg 5 50 1017 1825  >25 Cottenie (1980)
CEC (Cr?)ol(*) ke 5 515 1525 25440 >40 Landon (1991)
Available B <02 03-1.0 11-20 2140 >4l1 Jones (2003)
(ppm)
Avaﬂ‘i‘(';l_el)s Mg 106 072 215 51250  >250 Jones (2003)
Ratings of soil pH (H20)
Ratings VSA SA MA SIA N MAIlk SAlk Tekalign (1991)
pH (1:2.5 H20 <45 4552 5359 6066 6773 78"(‘)' >8.0

Where, VSA= Very strongly acid, SA= Strongly acid, MA= Moderately acid, SA= Slightly acid, MA= Moderately alkaline, SAlk= Strongly alkaline.
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Appendix Table 7. Ten years of monthly temperature and rainfall of the area Emdibir

sub-station meteorological data

2013-2022 Meteorological data (10 years) Meteorological data of 2022
RF Temperature (o ¢) Month RF Max.Temp Min.Temp
(mm)
(mm) Minimum  Maximum

2013 1330.2 10.2 22.5 Jan 23.1 26.0 8.5
2014  997.6 10.3 22.8 Feb 16.1 27.0 10.4
2015  1321.1 11.7 22.6 Mar 1194 26.2 12.6
2016  1298.6 10.35 22.51 Apr  200.2 26.0 12.3
2017 1141.3 10.6 23.1 May 134.2 24.7 12.7
2018 1264.3 10.4 22.7 Jun  191.0 23.0 12.9
2019 1367.2 10.7 22.6 Jul 3724 21.0 13.1
2020  1480.8 11.4 22.4 Aug 2609 21.3 13.2
2021 15153 10.4 22.5 Sep 163.2 22.3 12.0
2022 15955 12.9 22.2 Oct 649 244 9.0

Nov 249 253 7.7

Dec 252 25.5 6.2

Source: Ethiopian Meteorological Agency, Emdibir Sub Station
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Some pictures during field and laboratory works

Appendix Figure 2. Planting garlic seed
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Drying Oven

Appendix Figure 4. Different yield data measuring
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