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Abstract:
Background:
Garlic is an important condiment and cash crop in Ethiopia. Low yield and productivity of the crop are the major characteristics of the crop in the
country. Many factors affect the productivity of the crop in the country, however poor agronomic practices, especially the use of low-yielding
varieties and inappropriate spacing, are the major ones.

Objective:
The aim of this study is to evaluate the growth and yield response of garlic to intra-row spacing and variety, and to identify the optimum intra-row
spacing and high-yielding variety.

Methods:
The field experiment was composed of three garlic varieties vis-a-vis Tsedey 92, Bishoftu Netch and Local and four levels of intra-row spacing
with 5cm, 7.5cm, 10cm and 12.5 cm laid out in a Randomized Complete Block Design replicated three times. Data pertaining growth, yield and
yield-related parameters were collected and analyzed using Genstat software.

Results:
Main effects of variety and intra-row spacing significantly(p≤0.05) affected days to maturity, plant height, leaf number, leaf length, leaf width,
bulb length, bulb diameter, clove number per bulb, mean bulb weight, and clove diameter. Interaction effects of variety and intra-row spacing
significantly (p≤0.05) influenced clove length, fresh biomass yield, dry biomass yield, marketable cloves per bulb, marketable, unmarketable and
total bulb yield. The highest total bulb yield of 8.98 tha-1 was obtained from treatment combination of variety Tsedey 92 and 5cm intra-row spacing
although at par with treatment combinations of Bishoftu Netch variety and 5cm intra-row spacing which gave 8.70 tha-1 while the lowest (5.37
tha-1)  was  obtained  at  treatment  combinations  of  local  variety  and  intra-spacing  of  12.5cm.  The  highest  (8.05  tha-1)  and  lowest  (4.94  tha-1)
marketable bulb yield of garlic were obtained at treatment combinations of variety Tsedey 92 planted with 5cm intra-row spacing and local variety
planted with 12.5cm, respectively.

Conclusion:
Tsedey 92 variety together with an intra-row spacing of 5cm could be suggested for high total and marketable bulb yield in the study area.
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1. INTRODUCTION

Garlic  (Allium  sativum  L.)  is  the  second  most  widely
produced Allium crop next to onion [1]. It is produced for fresh
market,  dehydrated as an ingredient for food processing, and
food supplement output like dehydrated powder, essential oil,
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oil macerate, powder and aged garlic extract [2, 3]. Moreover,
it contains considerable amounts of Ca, P and K, and its leaves
are sources of protein, vitamin A and contains antibiotics like
garlicin  and  allistatin  [4].  Many  research  data  indicates  that
garlic  has  miraculous  pharmaceutical  effects  and  is  used  to
cure  a  number  of  disease  like  blood  pressure,  cholesterol,
cancer,  chronic  fever,  anthelmintics,  antioxidant,  antifungal
and wound healing, asthma, arthritis, malaria, diabetes, kidney
stone and night blindness [5, 6].
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Fig. (1). Map of the study area.

In  Ethiopia,  the  Alliums  (onion,  garlic,  and  shallot)  are
important  bulb  crops  produced  for  home  consumption  as  a
spice, medicinal plant, and as a source of income for farmers
[7].  It  grows in a wide range of climatic and soil  conditions,
mainly in the mid-altitudes and highlands of the country. As a
cash  crop,  it  is  a  source  of  earning  foreign  currency  by
exporting to Europe, the Middle East, Africa and USA [8]. In
the Tigray region of Ethiopia, the production and marketing of
high-value  vegetable  crops  are  intensifying  mainly  due  to
market-oriented government policy. Garlic is one of the high-
value vegetable crops produced in rotation with pulses during
the  cold  season  [9]  (Fig.  1).  The  region  ranks  4th  in  garlic
production  next  to  Amhara,  Oromia  and  S.N.N.P  regional
states  of  Ethiopia,  covering  an  area  of  540.97  ha  with  a
production  of  3912.826  tonnes  [10].  According  to  Medebay
Zana district office of agriculture and rural development, 2017
unpublished  report,  onion  is  one  of  the  most  important
vegetable crops mostly cultivated under irrigation; during the
2017/18  cropping  season,  the  irrigable  area  covered  with
alliums  were  about  226.62  hectares  with  a  production  of
10,656.25  quintals.

The  average  yield  of  garlic  in  Ethiopia  was  9.34  t  ha-1,

which  is  far  from the  world  average  of  23.53  t  ha-1.  Lack  of
improved  and  high  yielding  varieties,  non-availability  of
quality  seeds,  low  soil  fertility,  inappropriate  agronomic
practices,  lack  of  proper  pest  and  disease  management  and
marketing  facilities,  and  lack  of  improved  post-harvest
technologies  are  among  the  prominent  factors  for  low

productivity in the country [11, 12]. The optimum level of any
agronomic practices,  such as plant population density,  varies
with the environment, the purpose of the crop and variety. Bulb
yield  and  days  to  maturity  of  garlic  is  disposed  to
environmental  changes  resulting  in  variable  yield  due  to  the
significant effect of genotype-by-environment interaction [13].
Lack of appropriate variety and plant population greatly affects
garlic  growth,  yield  and  quality.  Many  authors  reported  a
detrimental effect of lack of optimum plant population on bulb
production [14 - 17]. However, different garlic varieties might
respond  differently  to  different  intra-row  spacing,  and  to
optimize  crop  yield  and  productivity,  a  full  package  of
information is required for the specific growing system [7, 8].
The  use  of  optimum  plant  population  density  has  a  dual
advantage.  It  avoids  strong  competition  between  plants  for
growth factors such as water, nutrients, and light. Conversely,
it  enables  the  efficient  use  of  available  cropland  without
wastage  [9].

In the study area, most farmers cultivate alliums according
to  their  own  choice  due  to  the  absence  or  unavailability  of
standard production techniques, which contributed to the low
yield  of  the  crop  [18].  The  national  recommended  intra-row
spacing is not optimum under all growing conditions as well as
crop or varietal characteristics. Moreover, there are local and
improved garlic  varieties  under  cultivation in the study area.
Varieties of garlic may differ in root architecture, foliage and
other  growth  characteristics,  and  even  a  cultivar  performs
differently  under  different  agro-climatic  conditions  [11].
Furthermore, in the study area, there is a lack of information on
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the growth and yield response of garlic to different intra-row
spacing.

Therefore, the overall objective of the study is to evaluate
the  growth and yield  response  of  garlic  varieties  to  different
intra-row  spacing  and  to  identify  the  optimum  intra-row
spacing  and  variety  for  high  garlic  yield  in  the  study  area.

2. MATERIALS AND METHODS

2.1. Description of the Study Area

The  experiment  was  conducted  at  Aksum  University
Selekleka  research  and  demonstration  center,  located  at
Medebay Zana district,  Northwestern Zone of Tigray region,
during the  offseason of  2018/2019.  The experimental  area  is
situated at 14° 08’ 57”N latitude and 38° 17’ 02” E longitudes
at  an  altitude  of  1864  m.a.s.l.  The  study  areas  belong  to  the
cool  sub-humid  agro-climatic  zone  [19].  It  receives  a  mono-
modal type of rainfall, which extends from June to September
with  an  annual  rainfall  of  660  to  750  mm.  The  soil  textural
class is clay loam with a pH of 7.2. The average temperature
for  the  past  15  years  was  20.92°C  with  a  mean  maximum
temperature of 30.97°C and a mean minimum of 11.4°C. The
area is known for the mixed crop-livestock farming system in
which cultivation of Teff (Eragrostis tef), Sorghum (Sorghum
bicolor), Maize (Zea mays), Finger Millet (Eleusine coracana)
and  pea  (Pisum  sativum)  are  the  major  crops  in  the  main
season, and Garlic (Allium sativum)  and onion (Allium cepa)
are the leading root crops area during off-season [20].

2.2. Characteristics of Experimental Materials

Three garlic varieties, namely Bishoftu Netch and Tsedey
92,  as  improved  varieties  released  by  Ethiopia  Institute  of
Agricultural Research, Debrezeit Agricultural Research Center,
during 1999/2000 E.C and local garlic variety, were used for
the  study.  The  seed  of  the  improved  varieties  was  obtained
from  Aksum  agricultural  research  center,  and  for  the  local,
which  is  currently  under  production  in  the  study  area  were
collected from the local market. Tsedey 92 has white-colored
bulbs,  green  leaves  and  takes  about  110-130  days  for  its
maturity  and  yields  7.5  to  8.13  t  ha-1  with  an  average  bulb
weight of 41.59 g. The variety Beshoftu Netch has a white bulb
color matures within 132 days, and yields 7.9 t ha-1 with a mean
bulb weight is 42 g [21].

2.3. Treatments and Experimental Design

The experiment consisted of treatment combinations with
four  levels  of  intra-row spacing  vis-a-vis  5cm,  7.5cm,  10cm
and 12.5 cm and three garlic varieties vis-a-vis Bishoftu Netch,
Tsedey92  and  local  variety.  The  experiment  was  set  in  a
randomized  complete  block  design  (RCBD)  with  a  factorial
arrangement replicated three times. Bishoftu Netch and Tsedey
92  improved  varieties  released  by  Ethiopia  Institute  of
Agricultural  Research,  Debre-Zeit  Agricultural  Research
Center, during 2007. The local variety was collected from the
local market in the area. For the experiment, a plot size of 3 m2

(2 m x 1.5 m) having a distance of 0.5m, 0.3m and 1m between
plots, rows and blocks, respectively, were used.

2.4. Experimental Procedure

Before  planting  the  cloves,  the  experimental  field  was
ploughed and harrowed by a tractor. Large clods were broken
down to a fine tilth, and then a total of 36 plots, each with a
size  of  2  m  x  1.5  m,  were  prepared,  with  12  plots  in  each
replication.  On  23rd  December  2018,  cured  and  medium  to
large-sized  cloves  of  1.50-2.50  g  of  the  three  test  varieties
which  are  not  diseased,  damaged,  soft  and  discolored,  were
planted on well prepared raised ridges at a depth of 3 cm. Urea
at a rate of 150 kg ha-1 and DAP at 200 kg ha-1 were applied as
a source of nitrogen and phosphorus respectively, where DAP
fertilizers were applied at planting and urea fertilizer were side
dressed in a split in two applications; with half was applied two
weeks after emergence and the remaining half five weeks after
emergence  [22].  Gap  filling  (re-planting)  was  carried  out
within  one  week  to  replace  those  seedlings  which  were
damaged and failed after transplanting. Irrigation was supplied
through the furrow irrigation method at four days interval for
the  1st  month  and  then  extended  to  seven  days  interval  and
stopped  two  weeks  prior  to  harvesting  [23].  All  other
management  practices,  including  harvesting  of  bulbs,  were
carried  out  according  to  the  procedure  developed  by  [23].

2.5. Data Collection

Data  on  growth  and  yield  and  attributes  yield  were
collected from ten randomly selected plants  of  three rows of
each  plot  at  physiological  maturity  and  harvesting,
respectively.  The  total,  marketable  and  unmarketable  bulb
yield  was  recorded  from  three  central  rows  of  each  plot.
Phenological data such as days to maturity were recorded on a
plot basis at maturity.

Days to maturity was recorded by counting the number of
days from planting to the time when 70% of plants in a plot fall
down their  foliage  and  neck  fall.  Plant  height  was  measured
from the soil surface to the tip of matured leaf using a ruler in
centimeters  at  the  time  of  maturity;  Leaf  number  was
determined by counting the total number of leaves produced at
physiological maturity; Leaf length was measured using ruler
at  physiological  maturity;  Leaf  width  was  recorded  as  the
average of the width of ten randomly selected leaves measured
at their widest part at physiological maturity using meter scale;
Bulb length was measured using digital caliper of ten randomly
selected  bulbs  at  the  time  of  harvesting;  Bulb  diameter  was
measured at the widest point using digital caliper at the time
harvesting;  Clove  number  was  recorded  by  counting  the
number  of  cloves  per  plant  at  harvesting;  Clove  length  was
recorded by measuring the length of cloves using digital caliper
at  the  time  of  harvesting;  Clove  diameter  was  recorded  by
measuring  the  diameter  of  cloves  at  the  widest  point  using
digital caliper at the time of harvesting; Mean bulb weight was
recorded by weighting the bulbs just after curing, using digital
balance; Fresh and dry biomass were recorded as the sum of
the  fresh  and  dry  weights  of  bulbs  and  above  ground  parts
respectively  at  the  time  of  harvesting  using  digital  balance
where  the  dry  biomass  was  dried  in  an  oven  at  70  oc  for  72
hours;  Marketable  clove  number  was  recorded  just  after
topping and curing by counting of  cloves  having greater  1  g
weight and undamaged ones according to the procedure used
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by  Fikreyohannes  (2005)  [24];  Unmarketable  clove  numbers
were recorded after topping and curing by counting the number
of unmarketable cloves that are damaged and having less than
1.0 g weight [24]. Marketable bulb yield was expressed in ton
per hectare and recorded from plants obtained from three rows
in a plot just after curing that have a healthy and marketable
bulb  with  a  weight  of  20 g  -  160 g  [25].  Unmarketable  bulb
yield was recorded as the weight of bulbs that are undersized
(<20 g), diseased, decayed and bulbs having the physiological
disorder as described by the study [25] from three central rows
after curing and expressed in ton per hectare and thus total bulb
yield  was  recorded  as  the  sum  weight  of  marketable  and
unmarketable  bulbs after  curing and the yield was converted
into ton per hectare. Harvest index was computed by dividing
the mean fresh weight  of  mature  marketable  bulb (economic
yield)  to  mean  fresh  biomass  yield  (biological  yield)  and
multiplied  by  100.

2.6. Data Analysis

The collected data were subjected to analysis of variance
(ANOVA) using Genstat 18th edition statistical software as per
the  procedure  of  Gomez  (1984  [26].  Means  were  separated
using  Fisher’s  least  significant  difference  (LSD)  at  a  5%
probability level.  Pearson’s correlation was conducted to see
the relationship between the recorded growth, yield and yield
components.

3. RESULTS AND DISCUSSION

3.1.  Effect  of  Variety  and  Intra-row  Spacing  on  Days  to
Maturity and Growth of Garlic

3.1.1. Days to Maturity

The  main  effect  of  variety  and  intra-row  spacing  had
significantly  affected  days  to  maturity  of  garlic  while  their
interaction  effect  did  not  (Table  1).  Days  to  maturity  ranges
from 127.4 to 140.4 days. Tsedey 92 took a long time of 140.4
days  to  mature,  while  the  local  variety  took  shorter  days  of
127.4 to mature (Table 1). The variation in maturity among the
three varieties might be due to their genetic differences. Many
research  authors  indicated  that  Tsedey  92  garlic  variety
matured  late  than  Bishoftu  Netch  [27].  Intra  row  spacing  of
12.5 cm took the longest time of 140.0 days to reach maturity,
while  the  intra-row spacing  of  5  cm reaches  maturity  earlier
with 124.6 days (Table 1). As the intra row spacing increases,
days to maturity was delayed. The variation in maturity might
be due to the fact that the growth rate is faster in closely spaced

crops  than  widely  spaced  ones.  This  is  because  of  high
intraspecific competition for growth factors, where plants get
stressed and strive to set the bulb as early as possible. Garlic
planted closely mature earlier  than those planted widely [28,
29].

3.1.2. Plant Height

Plant height was tallest (68.26 cm) with Variety Tsedey 92
while it was shortest (62.02 cm) with the local variety (Table
1). Garlic displayed great variation for plant height and other
morphological  characters  [30].  The  difference  among  the
varieties for plant height could be attributed to their genotypic
variability. The tallest plant height of 69.74 cm was obtained
from  the  wider  intra-row  spacing  of  12.5  cm,  whereas  the
shortest  (60.5  cm)  was  obtained  at  5cm  intra-row  spacing
(Table 1). The tallest plant height at a wider intra-row spacing
of garlic was reported by [31]. Similarly, the study [32 - 34]
reported  maximum plant  height  at  wider  row spacing  on  the
onion. This reduction in plant height at increased plant density
might be due to the competition for growth factors such as soil
moisture,  nutrient,  space  and  light  [35,  36].  Interactions  of
intra-row spacing and variety did not significantly (P ≤ 0.05)
plant height of garlic (Table 1).

3.1.3. Leaf Number

Tsedey 92 produced more leaf number of 16.53, while the
local  variety  produced  the  lowest  (14.01)  number  of  leaves
(Table  1).  Many  scholars  indicated  significant  varietal
differences in the number of leaves produced by garlic plants
[37,  38].  The  results  might  be  attributed  due  to  the  genetic
variation and vegetative growth differences among the studied
garlic cultivars. As intra-row spacing increased from 5 cm to
12.5 cm, the number of leaves per plant increased from 13.8 to
16.90.  The  highest  leaf  number  of  16.9  was  obtained  from
12.5cm  intra-row  spacing  while  the  lowest  (13.80)  was
recorded at 5 cm intra-row spacing (Table 1). This statement is
in conformity with that  of  the study [31,  34,  39],  which also
reported a reduction in the number of leaves with an increased
plant density of garlic plants. This could be due to the fact that
widely  spaced  plants  produce  more  axillary  branching  than
closely  spaced  plants  that  resulted  in  fewer  leaf  numbers.  It
might also be attributed due to the closer the spacing, the more
the  competition  among  the  plants  for  water,  soil  nutrients,
space,  light,  etc.,  hence  making  them  not  photosynthesizing
very well. In the present study, however, interaction effects of
intra-row spacing  and variety  did  not  significantly  affect  the
number of leaves of garlic plants.

Table 1. Main effect of variety and intra-row spacing on days to maturity, plant height, leaf number, leaf length and leaf
width of garlic.

Variety DM PH LN LL LW
Tsedey 92 140.4a 68.26a 16.63a 44.33a 2.241a

Bishoftu Netch 131.3b 65.10b 15.53b 40.83b 2.027b

Local 127.4c 62.02c 14.01c 35.92c 2.084b

LSD (5%) 3.254 1.60 0.579 1.428 0.066
Intra-row Spacing

5 124.6c 60.50d 13.80d 36.44d 1.908d
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Variety DM PH LN LL LW
7.5 132.8b 63.80c 14.92c 38.67c 2.023c

10 134.9b 66.46b 15.80b 41.44b 2.197b

12.5 140.0a 69.74a 16.90a 44.89a 2.341a

LSD (5%) 3.757 1.847 0.669 1.649 0.076
CV (%) 2.9 2.9 4.5 4.2 3.7

Note: means with the same letter within a column are not statistically significant at 5% probability level, DM = days to maturity PH = plant height; LN=leaf number;
LL=leaf length; LW=Leaf width

3.1.4. Leaf Length and Width

The  results  of  the  analysis  of  variance  indicated  that
variety Tsedey 92 gave a longer leaf length of 44.33 cm while
the  local  variety  gave  the  shortest  leaf  length  of  35.92  cm
(Table  1).  Many  research  findings  indicated  a  significant
difference  in  leaf  length  among  garlic  varieties  [38,  40].
Similarly, leaf width of Tsedey 92 variety gave highest (2.24
cm) while, Bishoftu Netch gave the lowest (2.02 cm) although
statistically at par with the local variety of garlic (Table 1). In
accord, the study [39, 41] found a significant difference among
garlic cultivars in their leaf width. This might be attributed due
to inherent and genetic variation among garlic varieties in their
growth  habit  like  plant  height,  leaf  length,  leaf  width,  leaf
number, leaf shape and vigour. There was a linear increase in
leaf  length  of  garlic  from  44.89  cm  to  36.44  cm  with  an
increase in intra-row spacing from 5 cm to 12.5cm (Table 1).
The  widest  leaf  width  of  2.34  cm  was  obtained  at  intra-row
spacing of 12.5 cm, while the narrowest leaf of 1.90 cm was
obtained at 5 cm intra-row spacing (Table 1). The highest leaf
length of  onion was obtained at  wider  intra-row spacing and
the shortest at the narrow intra-row spacing [34, 40, 42]. The
lowest  plant  densities  can  give  wider  leaf  width  of  onion  as
reported  by  many  scholars  [34,  43  -  45].  This  might  be
attributed due to the fact that wider plant spacing showed less
competition for resources, and as a result, leaves develop to a
larger  size.  However,  the  interaction  effects  of  intra-row
spacing and variety did not significantly affect leaf length and
width of garlic plants (Table 1).

3.2. Effect of Variety and Intra-row Spacing on Yield and
Yield Components of Garlic

3.2.1. Bulb Length

There  was  a  significant  effect  of  variety  and  intra-row
spacing on bulb length of garlic, but their interactions did not
have any effect (Table 2). Variety Tsedey 92 gave a maximum
bulb length of 4.29 cm, although statistically at par with that of
the  local  variety,  which  gave  4.22  cm.  However,  variety  of

Bishoftu Netch gave the shortest with 3.96 cm (Table 2) [46,
47]. also found a significant difference in bulb length among
garlic varieties. This variation might be due to the reality that
varieties can have different characteristics in their bulb shape,
bulb length and bulb color.

The  wider  intra-row spacing  of  12.5cm gave  the  highest
bulb length of 4.49cm, while the smaller intra-row spacing of
5cm gave  the  minimum of  3.78  cm.  Bulb  length  obtained  at
12.5 cm intra-row spacing exceeds that obtained at 5 cm intra-
row spacing by 15.81% (Table 2). Many researchers indicated
bulb  length  of  garlic  was  highest  at  wider  intra-row spacing
than  5cm  intra-row  spacing  [47,  48].  The  increment  in  bulb
length  at  increased  intra-row  spacing  probably  might  be
attributed  due  to  more  nutrients,  space  and  moisture
availability so that there might be less competition for available
growth resources.

3.2.2. Bulb Diameter

Tsedey 92 variety recorded the maximum bulb diameter of
4.71 cm and is  at  par with bulb diameter (4.62 cm) obtained
with Bishoftu Netch while the minimum (4.36 cm) obtained at
the local variety of garlic (Table 2). Many researchers found a
significant difference in bulb diameter among garlic varieties
[49, 38, 46]. The possible reason for such a result could be due
to variations among varieties  in  their  bulb character,  such as
bulb size.

An  increment  in  bulb  diameter  was  observed  with
increasing  intra-row  spacing,  and  12.5cm  gave  the  highest
(5.02cm)  although  statistically  at  par  with  that  recorded  at
10cm  intra-row  spacing.  However,  5  cm  intra-row  spacing
gave the minimum bulb diameter of 3.95cm (Table 2). There
was  a  bulb  diameter  increment  of  about  21.31%  with  an
increase in intra-row spacing from 5cm to 12.5cm (Table 2).
The study [48, 24] reported a maximum bulb diameter at 15 cm
intra-row spacing than the narrow intra-row spacing of 10 cm.
In the study, interactions of variety and intra-row spacing did
not significantly influence bulb diameter of garlic (Table 2).

Table 2. Means for effect of variety and intra-row spacing on bulb length and diameter, mean bulb weight and clove number
of garlic at seleklaka.

Variety BL (cm) BD (cm) Mean Bulb Weight(gm) Clove Number
Tsedey 92 4.29a 4.71a 41.58a 23.74a

Bishoftu Netch 3.96b 4.62a 36.88b 21.67b

Local 4.22a 4.36b 34.31c 20.29c

LSD (5%) 0.214 0.243 1.369 1.195
Intra-row spacing(cm)

5 3.78c 3.95c 34.51c 19.96b

�������1 
� ��
�������



6   The Open Biotechnology Journal, 2021, Volume 15 Teshale and Tekeste

Variety BL (cm) BD (cm) Mean Bulb Weight(gm) Clove Number
7.5 4.10b 4.52b 35.79c 20.97b

10 4.25ab 4.76ab 38.68b 22.64a

12.5 4.49a 5.02a 41.39a 24.03a

LSD (5%) 0.247 0.281 1.581 1.38
CV (%) 6.1 6.3 7.4 3.8

Note: means with the same letter within a column are not statistically significant at 5% probability level. BL = bulb length; BD = bulb diameter

3.2.3. Mean Bulb Weight

Mean  bulb  weight  had  significantly  affected  the  main
effect of variety and intra row spacing, while their interaction
effect  did  not  affect  (Table  2).  Mean  bulb  weight  ranged
between 34.31 g to 41.58 g, where it was highest (41.58 g) with
variety Tsedey 92 while it was lowest (34.31g) with the local
variety (Table 2). Garlic varieties show a significant variation
in mean bulb weight  [49,  50].  The difference in bulb weight
among  garlic  varieties  might  be  accounted  for  the  vigorous
growth  (production  of  more  leaves),  which  helped  in  the
synthesis  of  more  photosynthates,  increased accumulation of
carbohydrates,  and  other  metabolites,  which  ultimately
determined  the  weight  of  bulbs  per  plant.

Plots planted at a wider intra-row spacing of 12.5cm gave
the highest mean bulb weight of 41.39 g, while those planted at
a narrower intra-row spacing of 5cm gave the lowest (34.51 g)
although statistically at par with that obtained at 7.5cm intra-
row spacing (Table 2). The result showed a linear increment of
bulb  weight  per  plant  as  plant  density  per  square  area
decreased. The study [51] reported maximum bulb weight at 20
cm  intra-row  spacing  on  Huruta  shallot  variety  than  10  cm.
Moreover,  an  increased  mean  bulb  weight  of  onion  was
observed with increasing intra-row spacing from 5 cm to 10 cm
[52]. Production of heavier bulbs in the wider spacing might be
due to the fact that widely spaced plants experienced little or
no competition for limited environmental resources compared
to closely spaced plants.

3.2.4. Clove Number

The highest clove number per bulb of 23.74 was obtained
from Tsedey 92, while the lowest (20.29) was obtained at the
local variety (Table 2).  A difference in the number of cloves
per bulb with different garlic varieties was reported by many
authors [49, 53]. The highest clove number per bulb of 24.03
was obtained from 12.5 cm intra-row spacing, while the lowest
(19.96) was obtained at 5 cm intra-row spacing (Table 2). The
study [49] indicated the highest number of clove number per
bulb at 20 cm intra-row spacing as compared to a plot planted
with  10  cm  intra-row  spacing.  Moreover,  the  highest  clove
number  per  bulb  was  at  wider  intra-row spacing  [54].  These

observations could be associated with garlic planted at wider
spacing  tend  to  establish  better  in  individual  bulb
characteristics  compared  with  those  closely  spaced  plants
because widely spaced plants are able to intercept more light
and suffer less competition for nutrients, hence produced more
yield per individual stands. Clove number per bulb of garlic did
not significantly affect by the interactions of intra-row spacing
and variety (Table 2).
3.2.5. Clove Length and Diameter

Clove length was significantly affected by the main effect
of  variety  and intra-row spacing as  well  as  their  interactions
(Table  3).  The  highest  mean  clove  length  of  3.34cm  was
obtained  at  the  interactions  of  treatment  combinations  of
variety  Tsedey  92  and  12.5  cm  intra-row  spacing  while  the
shortest clove length of 2.757 cm was obtained in the treatment
combinations  of  local  garlic  variety  with  5  cm  intra-row
spacing (Table 3).  The findings indicated that irrespective of
variety, clove length was longer at wider (12.5 cm) intra-row
spacing  than  at  narrow  spacing.  Similarly,  the  study  [55]
confirmed an increased clove length of  garlic  at  wider  intra-
row spacing.

Garlic variety significantly influenced clove diameter, and
the  highest  clove  diameter  of  1.82  cm  was  obtained  from
Tsedey 92 variety, and the lowest (1.45 cm) was recorded from
a local  variety  (Table  4).  The  study [53]  reported  that  garlic
cultivars  showed  a  significant  difference  in  clove  diameter.
This might be due to variations in genetic character and genetic
makeup among the evaluated garlic  varieties.  With regard to
intra-row  spacing,  it  has  significantly  affected  the  clove
diameter  of  garlic  with  the  maximum  (1.74  cm)  obtained  at
12.5 cm intra-row spacing although at par with that obtained at
10cm  intra-row  spacing.  However,  the  minimum  (1.59  cm)
clove diameter was obtained at 5 cm intra-row spacing, which
was statistically similar to that obtained at 7.5 cm and 10 cm
intra-row  spacing  (Table  4).  Many  scholars  indicated  higher
clove length and diameter among different varieties of garlic
tested and onion at wider intra-row spacing [15, 38]. However,
the interaction effects of variety and intra-row spacing did not
significantly affect the clove diameter of garlic.

Table 3. Means for effect of variety and intra-row spacing on clove length of garlic at seleklaka.

Clove Length (cm)
Intra-row Spacing

Variety 5cm 7.5cm 10cm 12.5cm
Tsedey 92 3.07cd 3.14c 3.26ab 3.34a

Bishoftu Netch 2.76f 2.93e 3.17bc 3.30a

Local 2.75f 2.82f 2.99de 3.08cd
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Clove Length (cm)
LSD (5%) 0.103

CV (%) 2.0
Note: means with the same letter within a column are not statistically significant at 5% probability level.

Table 4. Main effect of variety and intra-row spacing on cloves diameter of garlic at Seleklaka.

Garlic Variety Clove Diameter (cm)
                    Tsedey 92 1.82a

                    Bishoftu Netch 1.63b

                    Local 1.45c

                    LSD (5%) 0.102
Intra-row spacing (cm)

5 1.59b

7.5 1.57b

10 1.65ba

12.5 1.74a

LSD (5%) 0.150
          CV (%) 5.8

Note: means with the same letter within a column are not statistically significant at 5% probability level.

Table 5. Means for interaction effect of variety and intra-row spacing on fresh and dry biomass yield per plant of garlic.

Fresh Biomass Yield per Plant (gm) Dry Biomass Yield per Plant(gm)
Intra- Row Spacing

Variety 5cm 7.5cm 10cm 12.5cm 5cm 7.5cm 10cm 12.5cm
Tsedey 92 73.6g 89.13e 112.9c 126.43a 46.8f 49.7de 59.23b 56.03c

BishoftuNetch 67.53hi 81.13f 100.6d 118.7b 47.1f 51.33d 61.6a 58.13b

Local 64.27i 70.5gh 91.77e 103.53d 39.0h 41.03g 48.13ef 47.53f

LSD (5%) 4.34 1.88
CV (%) 2.8 2.2

Note: means with the same letter within a column are not statistically significant at 5% probability level.

3.2.6. Biomass

Main effects of variety and intra-row spacing,  as well  as
their interactions, had significantly affected the fresh and dry
biomass yield of garlic (Table 5). Variety Tsedey 92 interacted
with 12.5 cm intra row spacing gave the highest fresh biomass
yield of 126.43 g while local variety in combination with 5 cm
intra-row spacing gave the lowest fresh biomass yield of 64.27
g  although  statistically  at  par  with  Bishoftu  Netch  in
combination with 5 cm intra-row spacing which recorded 67.53
g  (Table  5).  With  regard  to  dry  biomass  yield  of  garlic
observed at treatment combinations of varieties Bishoftu Netch
and intra-row spacing at 10 cm gave the highest dry biomass
yield of 61.6 g. However, local variety in a combination with
intra-row spacing at 5 cm gave the lowest dry biomass yield of
39.0 gm (Table 5). With all the tested garlic varieties, the fresh
and  dry  biomass  yield  increased  with  increased  intra-row
spacing. The study [47] indicated lower dry biomass yield of
Chelenko I and Tsedey 92 garlic varieties at a narrow intra-row
spacing of 5 cm than at wider spacing. There were reports on
increase in fresh and dry biomass yield of onion at wider intra-
row spacing [56 - 58]. This might be due to the fact that closer
spacing between plants resulted in competition for resources,
thus reducing the assimilation rate stored in the plant.

3.2.7. Marketable Clove Per Bulb

The mean square analysis revealed that the main effect of
variety  and  intra-row  spacing,  as  well  as  their  interaction
effects, significantly influenced marketable clove numbers per
bulb (Table 6). The highest marketable clove numbers per bulb
were highest (15.73) at combinations of Tsedey 92 variety and
12.5  cm  intra-row  spacing,  while  the  lowest  (9.67)  was
obtained at combinations of local variety planted at 5 cm intra-
row spacing (Table 6). Irrespective of the tested garlic variety,
marketable cloves number per bulb was lowest with decreasing
intra-row spacing. Garlic varieties showed a huge variability in
clove number [1]. Larger clove size at a widely spaced planting
might  be  due  to  greater  accumulation  of  assimilates,  which
resulted  in  better  utilization  of  nutrients,  moisture  and  light
among plants and an increase in the size of cloves per bulb.

3.2.8. Marketable Bulb Yield

Marketable bulb yield had been significantly affected by
the main effect of variety and intra-row spacing as well as their
interaction effects (Table 7). Tsedey 92 variety in combination
with 5 cm intra-row spacing gave the highest marketable bulb
yield of 8.05 t ha-1  while the lowest marketable bulb yield of
4.944  t  ha-1  was  obtained  from  combinations  of  local  garlic
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variety interacted with 12.5 cm intra-row spacing (Table 7).

In  general,  marketable  bulb  yield  showed  a  decreasing
trend with an increasing intra-row spacing in all tested garlic
varieties.  This  variation  might  be  due  to  the  fact  that  with
increased  plant  spacing,  the  population  per  area  of  land  also
decreases  that  accounts  for  reduced  marketable  bulb  yield.
There  is  an  impact  of  plant  density  on marketable  bulb  size.
With higher plant density, there is a smaller marketable bulb
size  [60].  Significant  effect  of  variety  and  intra-row spacing
combination on marketable bulb yield of garlic has also been
observed [58, 59]. Similarly, increasing intra-row spacing from
5  to  10  cm  gave  a  decrease  in  marketable  bulb  yield  [52].
Moreover,  Pearson’s  correlation  indicated  a  significant  and
negative relationship between marketable bulb yield of garlic
with  many  parameters  such  as  leaf  width  (-0.35*),  bulb
diameter (-0.53***), bulb length (-0.39***) and fresh biomass
yield (-0.39*) (Table 8).

3.2.9. Total Bulb Yield

There was a significant main effect of variety and intra row
spacing  as  well  as  their  interaction  effects  on  the  total  bulb
yield of garlic (Table 7). The highest total bulb yield of 8.98 t
ha-1 was obtained at a combination of variety Tsedey 92 and 5
cm  intra  row  spacing,  although  statistically  at  par  with
combinations of Bishoftu Netch interacted with 5 cm intra-row
spacing which gave 8.81 tha-1. However, the lowest total bulb
yield  of  5.37  tha-1  was  obtained  from  combinations  of  local
variety interacted with 12.5 cm intra row spacing (Table 7).

As  intra-row  spacing  increased  from  5  to  12.5  cm,  total
bulb yield of garlic decreased from 8.98 t ha-1  to 7.0 t ha-1  in
variety  Tsedey  92,  and  from  8.815  t  ha-1  to  5.704  t  ha-1  in
Bishoftu  Netch  as  well  as  from  8.148  tha-1  to  5.370  tha-1  in
local  garlic  variety  (Table  7).  The  highest  total  bulb  yield
observed  at  closer  spacing  could  be  due  to  increased  plant

population.  Increased  bulb  yield  of  garlic  at  higher  plant
populations is confirmed by many authors [59, 60]. Moreover,
total bulb yield showed a positive and significant correlation
with  unmarketable  clove  per  bulb,  marketable  bulb  yield
(0.96***) and harvest index (Table 8). Increased shallot total
yield per hectare with an increase in plant density [51]. Many
authors  indicated  that  varieties  could  have  different  yield
potential  in  different  agro-ecologies  due  to  their  genetic  and
genetic environment interaction effects [43, 58].

3.2.10. Harvest Index

The main effect of intra row spacing significantly affected
the  harvest  index  of  garlic  plants,  while  the  main  effect  of
variety and its interaction with intra-row spacing did not (Table
9). Intra row spacing at 5 cm gave the highest harvest index of
50.41%  while,  the  lowest  harvest  index  of  35.69%  was
obtained  at  the  wider  intra-row  spacing  of  12.5  (Table  9).
Higher  harvest  index  recorded  at  narrow spacing’s  might  be
due to the presence of shortest leaf length, plant height and leaf
diameter, which reduced above-ground biomass and resulted in
a higher harvest index. On the other hand, the lowest harvest
indices  at  the  wider  spacing  could  also  be  attributed  to
excessive vegetative growth that has a detrimental effect on the
partitioning  of  assimilates  towards  the  bulbs.  Moreover,  the
lowest harvest index at a wider intra-row spacing of 12.5 might
also be due to the existence of a higher number of leaves, wider
leaf length and diameter at wider intra-row spacing. Similarly,
harvest index positively and significantly influenced by plant
height(0.63***),  leaf  number(0.67***),  leaf  length(0.54***),
leaf width (0.66***), bulb diameter(0.50**), number of cloves
per  bulb(0.41*),  mean  bulb  weight(0.47**),  fresh  bulb
yield(0.88***),  dry  bulb  yield(0.60***),  marketable  bulb
yield(0.62***) and total bulb yield (Table 8). Similar findings
were reported for onion and shallot, respectively, in Ethiopia
[52, 51].

Table 6. Means for Interaction effect of variety and intra-row spacing on marketable clove per bulb of garlic.

Marketable Clove Number
Intra- Row Spacing

Garlic Variety 5cm 7.5cm 10cm 12.5 cm
Tsedey 92 11.90g 12.80f 14.27cd 15.73a

Bishoftu Netch 11.50gh 12.70f 14.50c 15.10b

Local 9.67i 11.40h 13.33e 13.87d

LSD(5%) 0.410
CV (%) 1.9

Note: means with the same letter within a column are not statistically significant at 5% probability level.

Table 7. Means for Interaction effect of variety and intra-row spacing on total and marketable bulb yield of garlic.

Total Bulb Yield (t ha-1) Marketable Bulb Yield (t ha-1)
Intra - Row Spacing(cm)

Garlic Variety 5 7.5 10 12.5 5 7.5 10 12.5
Tsedey 92 8.98a 8.38b 7.55c 7.00d 8.05a 7.50b 6.98cd 6.74d

Bishoftu Netch 8.81a 8.11b 6.87d 5.70f 7.68b 7.22c 6.27e 5.35g

Local 8.14b 6.96d 6.09e 5.37g 6.87d 5.79f 5.37g 4.94h

LSD (5%) 0.28 0.25
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Total Bulb Yield (t ha-1) Marketable Bulb Yield (t ha-1)
CV (%) 2.3 2.3

Note: means with the same letter within a column are not statistically significant at 5% probability level.

Table 8. Pearson’s correlation of phonological, growth, yield and yield components of garlic as affected by variety and intra-
row spacing.

DM PH LN LL LW BD BL NCB MBW FBY DBY MBY MC UBY TBY

PH 0.57*** 1 - - - - - - - - - - - - -
LN 0.60*** 0.78*** 1 - - - - - - - - - - - -
LL 0.47*** 0.84*** 0.73*** 1 - - - - - - - - - - -
LW 0.43** 0.78*** 0.64*** 0.76*** 1 - - - - - - - - - -
BD 0.35* 0.47** 0.27ns 0.43*** 0.62*** 1 - - - - - - - - -
BL 0.26ns 0.49** -0.13ns 0.63*** 0.60*** 0.85*** 1 - - - - - - - -

NCB 0.47** 0.79*** 0.52*** 0.71*** 0.65*** 0.49*** 0.62*** 1 - - - - - - -
MBW 0.47** 0.87*** 0.78*** 0.88*** 0.78*** 0.45** 0.51*** 0.79*** 1 - - - - - -
FBY 0.63*** 0.84*** 0.84*** 0.80*** 0.83*** 0.58*** 0.42* 0.65*** 0.82*** 1 - - - - -
DBY 0.71*** 0.72*** 0.68*** 0.72*** 0.56*** 0.39* 0.35* 0.60*** 0.72*** 0.75*** 1 - - - -
MBY -0.27ns -0.15ns -0.04ns -0.17ns -0.35* -0.53*** -0.39*** -0.08ns 0.01ns -0.39* -0.08ns 1 - - -
MC 0.70*** 0.84*** 0.74*** 0.78*** 0.77*** 0.55*** 0.50** 0.70*** 0.81*** 0.91*** 0.84*** -0.37* 1 - -

UBY -0.64*** -0.83*** -0.81*** -0.77*** -0.8*** -0.82*** -0.39* -0.65*** -0.75*** -0.94*** 0.70*** 0.43** -0.87*** 1 -
TBY -0.41* -0.39* -0.26ns -0.36* -0.52*** -0.60*** -0.44*** -0.25ns -0.20ns -0.60*** 0.27ns 0.96*** -0.56*** 0.64*** 1

HI 0.60*** 0.63*** 0.67*** 0.54*** 0.66*** 0.50** 0.27ns 0.41* 0.47** 0.88*** 0.60*** 0.62*** -0.77*** 0.85*** 0.77***

DM = Days to maturity; PH = plant height; LN = leaf number; LL= leaf lenght; LW = leaf width ; BD = bulb diameter ; BL = bulb length; NCB = number of cloves per
bulb ; MBW= mean bulb weight ;  FBY = fresh biomass yield; DBY = dry biomass yield; MBY = marketable bulb yield; MC = marketable clov per bulb; UMB =
unmarketable bulb yield; TBY = Total bulb yield; HI = harvest inde; ns = non-significant at p<0.05 probablity level

Table 9. Main effect of variety and intra-row spacing on harvest index of garlic at seleklaka.

Variety Harvest Index
          Tsedey 92 42.60a

          Bishoftu Netch 41.45a

          Local 42.60a

          LSD (5%) ns
Intra row spacing (cm)

          5 50.41a

          7.5 44.71b

          10 38.05c

          12.5 35.69d

LSD (5%) 1.66
CV (%) 4.0

Note: means with the same letter within a column are not statistically significant at 5% probability level, ns=non-significant

CONCLUSION

The aim of this study was to evaluate the response garlic to
intra-row  spacing  and  variety,  and  to  identify  the  optimum
intra-row spacing and high-yielding variety. With this notion, a
field  experiment  was  conducted  to  assess  the  effect  of  intra-
row  spacing  on  the  growth  and  yield  response  of  garlic
varieties. Accordingly, the highest total bulb yield of garlic was
observed at the combinations of Tsedey 92 variety and 5 cm
intra-row spacing, although statistically similar with the yield
obtained at combinations of Bishoftu Netch at same intra-row
spacing. Marketable bulb yield was highest at the combinations
of  variety  Tsedey  92  and  5  cm  intra  row  spacing,  and  the
lowest was obtained at the local variety in combination with 5

cm  intra-row  spacing.  Therefore,  it  can  be  concluded  that
Tsedey 92 variety of garlic in combination with 5cm intra-row
spacing showed better yield performance, and thus, it  can be
recommended to the study area.
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