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Abstract

Garlic (Allium sativum L.) is an important cash and spice crop produced for home consumption and as a source
of income to many smallholder farmers in many parts of the Ethiopia. Field experiment was conducted at Adet
Agricultural Research Center, Koga irrigation trial site in 2015/2016 cropping season. Three garlic varieties
(Bishoftu Nech, Tsedey and a local cultivar) and three levels of vermicompost fertilizer (0, 2500, 5000 kg ha™')
were tested in Randomized Complete Block Design (RCBD) with three replications. Bishoftu Nech variety gave
significantly the highest total and marketable bulb yield 8.50 and 8.10 ton ha™!, respectively, that exhibited 24 and
57% advantages over Tseday and the local cultivar, respectively. The highest values of mean bulb weight (37.85
g), mean clove number (9.92), mean clove weight (5.65 g), total fresh biomass yield (47.82 g/plant) and bulb dry
matter (19.62%) was recorded from Bishoftu Nech variety with application of 5000 kg ha™! vermicompost.
Therefore, based on the current study, it can be concluded that producers in the study area could use Bishoftu Nech
variety using 5000 kg ha™! vermicompost for optimum garlic production.
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1. Introduction

Garlic (Allium sativum L.) is one of the main Allium vegetable crops known worldwide with respect to its
production and economic value. It is native to southern Europe and western Asia (Etoh and Simon, 2002). It is
used for seasoning in many foods worldwide; without garlic many of our popular dishes would lack the flavor and
character that make them favourites. In Ethiopia, the total area under garlic productionin 2013/2014 reached 16,412
ha and the production is about 15,909 ton of bulbs respectively (CSA, 2014). Because of an increasing cost of
inorganic fertilizers and shifts in policies with respect to subsidize fertilizer costs, the use of inorganic fertilizers
by small scale producers is becoming unaffordable (Tadila, 2011). Crop yield cannot be maintained through the
use of inorganic fertilizers alone under continuous cultivation. Hence, Integration of organic and inorganic
fertilizers is being advocated as one of the strategic solutions to maintain soil fertility (Ahmad et al., 1996; Khaliq
et al., 2004).

Among the many organic fertilizers, vermicompost is a potential organic nutrient source which provides
additional plant nutrients that are not found in inorganic fertilizers (Kale et al., 1992). Vermicomposts are finely
divided peat like materials with high porosity, aeration, drainage and water-holding capacity and usually contain
most nutrients in available forms such as nitrates, phosphates, exchangeable calcium and soluble potassium
(Atiyeh et al., 2002; Arancon et al., 2004). They also enhance uptake of nutrients by plants (Nagavallemma et al.,
2004). Palm et al. (1997) reported that the uptake of nitrogen, phosphorus, potassium, zinc, manganese, copper
and iron were increased significantly by crops when 50% of organic fertilizers in combination with 50% inorganic
fertilizers were applied.

In Ethiopia, information on the vermicompost fertilizers on garlic growth, yield and yield components is
limited. Vermicomposting had been an easy technology, environmentally friendly process used to treat organic
waste. This organic fertilizer was being therefore increasingly considered in agriculture and horticulture as a
promising alternative to chemical fertilizers. However, the effects of vermicompost on garlic were not yet fully
understood in Ethiopian condition Thus, keeping in view of creating sustainable soil health condition for
sustainable agriculture in one side and considering garlic as one of the potential vegetable crop for consumption
as well as for market in the other side, it is imperative to increase its productivity along with desirable attributes
through production management practices and application of other sources of nutrients beyond inorganic fertilizers
like urea (46%N) and DAP (18% N and 46% P,Os). Therefore, this research was conducted to assess the growth
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and yield performance of garlic varieties to the application of vermicompost fertilizer.

2. Materials and Methods

2.1. Description of the Study Area

The experiment was conducted at Adet Agriculture Research Centre, Koga Irrigation Trial Site which is found in
Mecha District, West Gojam Administration Zone of Amhara National Regional State. The site is situated at
10°30°0" N latitude and 37°30'02.4" E longitude at an altitude of 1960 masl. It is about 42 km southwest of Bahir
Dar and 535 km northwest of Addis Ababa. The mean annual rainfall for the area is 1500 mm and the average
temperature is 16-20 °C. The soil texture of the experimental site was clay (clay 53%, silt 12% and sand 35%) and
pH was 5.0.

2.2. Description of the Experimental Material

Two garlic varieties named Tsedey and Bishoftu Nech which were released by one of the pioneer agricultural
research centre in Ethiopia called DebreZeit Agricultural Research Centre; and one local cultivar were used. The
two garlic varieties are among the most and common commercial garlic varieties in Ethiopia. The vermicompost
was used as organic fertilizer supplying all elements required by the plant.

2.3. Treatments and Experimental Design

The treatments consisted of three garlic varieties (Tsedey, Bishoftu and local cultivar) and three levels of
vermicompost (0, 2500, 5000 kg ha'). The experiment was laid out in a Randomized Complete Block Design
(RCBD) and replicated three times.

2.4. Experimental Procedures

The experimental field was ploughed three times and well harrowed. Soil clods were broken by human labour and
experimental plots were laid out on fine seedbed. Medium-sized cloves from bulbs stored for about 5 months with
dry tops attached were prepared for planting. Vermicompost was applied one month before planting by cutting
open furrows and incorporating it into planting rows at the depth of about 10-15 cm. At planting time, cloves were
separated from the bulbs, sorted and graded according to size category. Large to medium size (1.5 to 2.5 g) cloves
(Fikreyohannes, 2005) were used for planting. Garlic varieties were planted during 2015/2016 cropping season at
Adet Agricultural Research Center; Koga Irrigation Trial Site which is found in West Gojjam Zone of the Amhara
Region. Weed control was done by hoeing and shallow earthing up. Other crop management practices were done
as required after plant emergence. Harvesting was done when 70% of the leaves senesced. The harvested bulbs
were windrowed in the field and sun-dried for ten days, folding the leaves over the bulbs to protect them from
sunburn. After a week of curing, tops and roots were trimmed.

2.5. Data Collection and Measurement

Data on phenological, growth and yield related agronomic parameters of garlic varieties were recorded starting
from planting to harvesting. Phonological parameter: days to emergence, days to bulb maturity; growth parameters:
plant height, number of leaves per plant, leaf area index; yield parameters: mean bulb weight, mean clove number
per bulb, mean clove weight, total fresh biomass yield (g/plant), total number of bulbs, marketable bulb yield (t
ha!), unmarketable bulb yield (ton ha™'), total bulb yield (ton ha™'), bulb dry matter percent, harvest Index was
recorded.

2.6. Data Analysis

Data were subjected to analysis of variance (ANOVA) using GenStat 15"edition, version 15.1. Whenever
treatment differences were found to be significant, means were separated using the Least Significant Difference
(LSD) test at 5% level of significance. Correlation analysis was performed to detect the linear relationships among
yield, and growth attributes. The economic analysis was also done according to CIMMYT (1988) using the concept
of partial budget.

3. Results and Discussion
3.1. Days to Emergence
The main effect of variety and vermicompost significantly (P<0.001) influenced days to emergence. However, the
interaction effect of variety and levels of vermicompost fertilizer did not significantly affected days to emergence.
Bishoftu Nech emerged 2 days earlier than the local cultivar and 3 days earlier than Tsedey, whereas, Tsedey
emerged 1 day later than the local cultivar (Table 1).

Increasing application of vermicompost decreased number of days required to emerge garlic sprouts above
the soil by 5-9 days. This result is in agreement with finding of Alemu (2016) who reported that with the increase
in the rate of vermicompost application, the number of days required by the garlic sprouts to emerge above the soil
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surface was decreased. Application of 5000 kg ha*'vermicompost hastened the emergence of garlic sprouts from
the soil by about 9 days as compared to the control. Similarly, application of 2500kg ha™'vermicompost accelerated
sprouting of garlic cloves by about 9 and 5 days as compared to the control. The accelerated duration of emergence
might have attributed to the influence of available nutrients of vermicompost on root initiation and development
which might have led to early shoot emergence. Using vermicompost as a substrate produced an earlier shoot
emergence and earlier start of bulbification which corresponds to increase in the total soluble carbohydrates and a
subsequent modification in the non-structural carbohydrate distribution patterns, and hence a modification in the
pattern of fructan (scorodose) metabolism (Argiiello et al.,2006).

Table 1. Main effects of garlic varieties and vermicompost on days to emergence

Treatments Days to emergence
Varieties

Local 18°
Tsedey 192
Bishoftu Nech 16°
LSD (5%) 0.959
Rate of vermicompost

No fertilizer (control) 242
2500 kg ha™! 21°
5000 kg ha'! 15¢
LSD (5%) 1.27
CV (%) 8.51

*Means followed by the same letter within a column are not significantly different at 5% level of significance,
LSD = Least significant differences; CV= coefficient of variation

3.2. Days to Maturity
Analysis of the experiment showed that days to maturity was significantly influenced by the main effects of
varieties and vermicompost as well as by their interaction effect at P<0.001 level of significance. As in indicated
in Table 2 below, Bishoftu Nech variety with the application of 2500 kg ha™! showed longest days to bulb maturity.
However, the two varieties namely the local and Tsedey variety showed longest days to maturity with the
application of 5000 kg ha™'. This difference in days to bulb maturity might be due to the genetic variability of the
varieties. The interaction effect variety and vermicompost also indicated that all garlic cultivars matured earlier
in the unfertilized plots. This result is in agreement with that of the findings of Tadila (2011) who reported
prolonged maturity on garlic in response to combined application of N and manure.
Table 2. Interaction effects of garlic varieties and vermicompost on days to bulb maturity

Rate of vermicompost

Varieties No fertilizer (control) 2500kg ha'! 5000kg ha’!
Bishoftu Nech 133.61¢% 146.12° 133.74<
Local 128.008 130.00¢ 134.64°
Tsedey 133.00¢° 136.21" 137.00°
LSD (5%) 1224

CV (%) 5.9

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

3.3. Plant Height

Varieties and vermicompost significantly influenced Plant height at 1% level of significance. The highest (28.15
cm) and lowest (17.81 cm) were recorded in local and Bishoftu Nech varieties with treatment application of 5000
kg ha'! and nil, respectively (Table 3). The analysis also revealed that all varieties showed taller heights with
application of 5000 kg ha™! vermicompost than other treatments. The increase in plant height due to increased rate
of vermicompost could be attributed to the fact that vermicompost contains a good range of some very essential
macro and micronutrients other than N and P which are required for healthy plant growth (Surindra, 2009). The
difference in plant height between the varieties could be ascribed to the genotypic variability.
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Table 3. Interaction effects of garlic varieties and vermicompost on plant height(cm)
Rate of vermicompost

Varieties No fertilizer (control) 2500kg ha'! 5000kg ha'!
Bishoftu Netch 21.15¢ 22.72¢ 28.15°
Local 21.55¢ 24.22¢ 31.252
Tsedey 17.81F 24.05° 25.00¢°
LSD (5%) 1.224

CV (%) 5.9

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

3.4. Number of Leaves per Plant

Number of leaves per plant is affected by varieties and vermicompost significantly (P< 0.001). However, the
interaction of the two factors failed to influence the number of leaves per plant. Bishoftu Nech produced
significantly a greater number of leaves per plant than the other cultivars. The main effect of garlic varieties and
vermicompost showed higher number of leaves (14.86) were recorded from plants supplied with rate of 5000 kg
ha'! vermicompost (Table 4). The availability of higher quantity of nutrients, improvement in the physical
properties of soil and increased activity of microbes with higher levels of organics due to vermicompost might
have helped in increasing number of leaves.

Table 4. Main effects of garlic varieties and vermicompost on leaf number

Treatments Leaf number per plant
Varieties

Local 10.56°
Tsedey 10.31°
Bishoftu Netch 11.10°
LSD (5%) 0.305
Rate of vermicompost

No fertilizer (control) 10.01°
2500 kg ha! vermicompost 10.12°
5000 kg ha'! vermicompost 14.86°
LSD (5%) 0.46
CV (%) 5.1

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

3.5. Leaf Area Index
Leaf area index is influenced by varieties, vermicompost and their interaction significantly at 5% level of
significance. Highest (0.55) and lowest (0.17) leaf area index recorded was in local garlic cultivar fertilized with
5000 kg ha! vermicompost and no vermicompost, respectively (Table 5). Alemu (2016) reported that application
of vermicompost supplement at a rate of 5000 kg ha'! increased leaf area index of garlic by 15.15% over the control.
The increment in leaf area index may be due to enhanced vegetative growth and bulb filling by nitrogen (Tadila,
2011) and influence on photosynthetic productivity by phosphorus.
Table 5. Interaction effects of garlic varieties and vermicompost on leaf area index

Rate of vermicompost

Varieties No fertilizer (control) 2500kg ha™! 5000kg ha™!
Bishoftu Netch 0.18f 0.414 0.46°
Local 0.17¢ 0.34¢ 0.55%
Tsedey 0.19f 0.39¢ 0.50°

LSD (5%) 0.029

CV (%) 6.0

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

3.6. Mean Bulb Weight

Mean bulb weight was influenced by the main effects of varieties, vermicompost and interaction of the two factors
at 1% level of significance. Highest mean bulb weight was recorded in Bishoftu Nech variety with application of
5000 kg ha™! vermicompost while minimum mean bulb weight (23.50 g) was recorded in Tsedey at the control
treatment. Unfertilized plots of all varieties produced lower mean bulb weight (Table 6).
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Table 6. Interaction effects of garlic varieties and vermicompost fertilizer on mean bulb weight (g)
Rate of vermicompost

Varieties No fertilizer 2500kg ha™! 5000kg ha!
(control)

Bishoftu Netch 29.55¢ 31.59¢ 37.85%

Local 25.52¢ 32.00°¢ 34.85°

Tsedey 23.50f 31.80° 34.68°

LSD (5%) 1.267

CV (%) 6.6

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

3.7. Mean Clove Weight
The main effects of variety, vermicompost as well as their interaction showed significance (P<0.001) difference
on mean clove weight. As shown in Table 9 below, Bishoftu Nech fertilized with 5000 kg ha! vermicompost
produced the highest mean clove weight (5.31 g) which was 155% more than the least mean clove weight recorded
in the local cultivar from non-fertilized plot. Application of 2500 kg ha™! vermicompost in Bishoftu Nech also
increased mean clove weight by 95.9% and 94%, respectively; compared to non-fertilized (control) Bishoftu Nech
plants.
Table 7. Interaction effects of garlic varieties and vermicompost on mean clove weight (g)

Rate of vermicompost

Varieties No fertilizer (control) 2500kg ha'! 5000kg ha'!
Bishoftu Netch 2.65¢ 5.10° 5.65°

Local 2.28f 4.03¢ 4.95b
Tsedey 2.14f 3.45¢ 3.13¢

LSD (5%) 0.381

CV (%) 7.4

*Means followed by the same letter within a column are not significantly different at 5 % level of significance,
LSD = Least significant differences; CV= coefficient of variation

3.8. Total Fresh Biomass Yield
Total fresh biomass yield was significantly influenced by effect of varieties, vermicompost and their interaction.
Table 10 below showed that uppermost fresh biomass yield (47.82 g) was recorded on Bishoftu Nech with
application of 5000 kg ha'vermicompost while minimum record was observed on the local variety in the
unfertilized plots. Tseday showed the lowest fresh biomass yield (26.55 g) than the other cultivars when
unfertilized. In all cultivars, the unfertilized plots produced lower mean fresh bulb yield than fertilized plots. The
increment in fresh biomass yield due to vermicompost is because it contains several plant growth promoters,
enzymes, beneficial bacteria and mycorrhyzae (Gupta, 2005).
Table 8. Interaction effects of garlic varieties and vermicompost on mean total fresh biomass yield (g/plant)

Rate of vermicompost

Varieties No fertilizer 2500kg ha'! 5000kg ha!
(control)

Bishoftu Netch 39.74° 42.12° 47.82*

Local 33.00* 40.27° 46.65*

Tsedey 29.01°¢ 39.98P 41.13°

LSD (5%) 4.132

CV (%) 9.5

*Means followed by the same letter within a column are not significantly different at 5% level of significance,
LSD = Least significant differences; CV= coefficient of variation

3.9. Marketable Bulb Yield

Variety and vermicompost as well as their interaction significantly (P<0.001) influenced marketable bulb yield.
Significantly the highest marketable yield (8.10 ton ha!') was recorded in Bishoftu Nech with application of 5000
kg ha! vermicompost (Table 9). This marketable yield was 24% and 56% higher than Tsedey and the local cultivar
at the same rate of fertilizer application, respectively. The increment in marketable bulb yield due to the application
of vermicompost fertilizer could be due to the increment in vegetative growth and increased production of
assimilate which is associated with increment in leaf area index and mean bulb. Alemu (2016) reported that higher
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marketable yield was recorded at the application of vermicompost 5000 kg ha™'.
Table 9. Interaction effects of garlic varieties and vermicompost on marketable bulb yield (ton ha'!)
Rate of vermicompost

Varieties No fertilizer (control) 2500kg ha™! 5000kg ha'!
Bishoftu Nech 4.79¢ 7.08° 8.10°

Local 3.35¢ 5.43¢ 5.66¢
Tsedey 3.89f 6.15° 6.74°

LSD (5%) 0.462

CV (%) 4.6

*Means followed by the same letter within a column are not significantly different at 5% level of significance,
LSD = Least significant differences; CV= coefficient of variation

3.10. Total Bulb Yield
The main effects of variety and vermicompost and their interaction appeared to be significant (P<0.001). As
designated in Table 10 below, Bishoftu Nech fertilized with 5000 kg ha™! vermicompost produced the highest total
bulb yield (8.50 ton ha') which was about 31% and 54% higher than in Tsedey and local cultivar with the same
rate of application, respectively. The lowest bulb yield (4.83 ton ha™') was found from Tseday with no fertilizer
application.
Table 10. Interaction effects of garlic varieties and vermicompost on total bulb yield (ton ha™!)

Rate of vermicompost

Varieties No fertilizer (control) 2500 kg ha'! 5000 kg ha'!
Bishoftu Nech ~ 5.57¢¢ 6.96° 8.5°

Local 5.12¢ 5.32d¢ 5.50¢
Tsedey 4.83f 5.69° 6.48°

LSD (5%) 0.482

CV (%) 6.24

*Means followed by the same letter within a column are not significantly different at 5% level of significance, VC
= vermicompost

4. Conclusions

Results of the experiment showed the longest days to bulb maturity 146.67 and the shortest days to maturity 128
were recorded in Tsedey variety that received 2500 kg ha! vermicompost and control treatment, respectively.
Similarly, the highest plant height (31.25 cm) was attained by the local cultivar with application of 5000 kg ha™!
vermicompost and the minimum (17.81 cm) was recorded in Tsedey that received no fertilizer. Moreover, the
highest (14.86) leaf number was recorded in local cultivar with the application of 5000 kg ha™'vermicompost while
the minimum (10.31 leaf number was observed on Tsedey that relieved no fertilizer.

Significantly the highest mean clove weight (5.65 g), total fresh biomass yield (47.82 g/plant), marketable
bulb yield (8.10 ton ha™') and total bulb yield (8.5 ton ha™!), highest mean bulb weight (37.85 g) were recorded on
Bishoftu Nech variety that were fertilized with 5000 kg ha™!' vermicompost. In addition, the highest harvest index
was recorded in local cultivar that received application of 5000 kg ha™!. Moreover, the interaction effect of varieties
and vermicompost highly significantly (P<0.001) affected days to bulb maturity, plant height, leaf area index,
mean bulb weight, mean clove weight, total fresh biomass yield, marketable number of bulbs, marketable bulb
yield and total bulb yield. In conclusion, the result of the present study indicated that the highest total bulb yield
was recorded from Bishoftu Nech by applying of 5000 kg ha 'vermicompost.
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