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Abstract
Garlic different genotypes were evaluated for their agronomic traits against a local cultivar for two
consecutive years at Agricultural Research Institute Mingora, Swat, Pakistan. Seven genotypes
(NARC-1, NARC-3, NARC-4, NARC-5, Swat Garlic-1, Swat White and Lehsan Gulabi) were used
for the trial. Genotypes vary significantly in plant height, number of leaves plant -1, stem thickness,
leaf area, bulb weight, number of cloves bulb-1, clove weight and yield tons ha-1. Yield of the new
genotypes were 2-3 times higher than the existing cultivar ‘Lehsan Gulabi’. “Swat White’ and
‘NARC-1’ have outclassed other genotypes producing a yield of 24.9 and 24.0 tons ha-1
respectively. Better vegetative growth, high number of cloves and bulb weight in these genotypes
contributed to higher yield. The results indicated that the new genotypes could perform better for
the desired traits than the existing cultivar, therefore the local cultivar should be replaced with these
new genotypes for improve garlic yield.
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World War ІІ soldiers were given garlic as
Introduction
antiseptic to help prevent gangrene. Today
Onion and Garlic (Allium sativum) belongs to
garlic is used to help prevent atherosclerosis,
the family Alliaceae. Garlic is one of the most
improve high blood pressure and reduce
popular spices in the world and is known for
colds, coughs and bronchitis [2]. Garlic
its medicinal values. It is has been used as
grows wild in Central Asian Republics of
food condiment and medicine for over 5000
Kyrgyzstan, Tajikistan, Turkmenistan, and
years [1]. It is one of the oldest known
Uzbekistan and also in Afghanistan and
horticultural crops. It is reported that in
northern region of Pakistan. This region is
ancient Egypt, the workers who had to build
known as its “Center of origin” In this region
the great pyramids were fed garlic daily.
garlic is believed to be originated and
Some writings suggest that garlic was grown
flourished in wild. Garlic has many
in China as far back as 4000 years ago. Bible
germplasm that differ in bulb size, bulb color,
mentions that the Hebrews enjoyed their food
number of cloves per bulb and storage life [3].
with garlic. Recently during world War І and
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These varieties have broadly divided into two
groups, hard neck and soft neck cultivars.
Chromosomal studies of garlic revealed its
diploid set of chromosomes 2n=16 [4]. Garlic
is vegetatively propagated through cloves.
The genetic variations are the outcome of
sexual reproduction in wild ancestors [5]
Clonal selection is an important breeding
method for varietal improvement. A superior
clone selected and identified once, its
maintenance through clonal propagation is
secure and easy [6]. Lack of improved
germplasm is one of the main reasons of low
garlic yield in Pakistan. ‘Lehsan Gulabi’
being the sole soft neck cultivar registered.
Farmers use self- generated cloves which
differ in bulb size, color, shape, number of
cloves per bulb and length in storage. These
germplasm are not of the same color, size and
shape and thus having little market value.
From these variations some superior clones
has been selected for varietal improvement.
The aim of this trial was to assess the
agronomic traits and yield of the new garlic
genotypes. The selected germplasm would be
subjected to more trials for the purpose of
registration and variety approval.
Materials and Methods
The trial was conducted at Agricultural
Research Institute Mingora, Swat during two
consecutive growing seasons of 2015-16 and
2016-17. Experimental site is located at 34.3̊35.53̊ North Latitude and 71.5̊-72.5̊
Longitude and 906 meter above sea level.
Seven genotypes were set in randomized
complete block design (RCBD) and were
replicated three times. Plants were spaced 10
cm apart in rows and 30 cm between rows in
plot size of 3×1m2. Farm yard manure was
applied at the time of soil preparation @ 15
ton ha-1. All phosphorus and potash and half
dose of nitrogen were applied at planting. The
remaining half dose of nitrogen was applied
after first hand weeding and hoeing. Cultural
practices were applied when needed. Data
were recorded on yield and yield associated
parameters on randomly selected 15 plants in
the middle rows. Data was statistically
analyzed
using
statistical
software
STATISTIX 8.1. Least significant test with 5
% level of significance was used to compare
the means [7].

Results and Discussion
Plant height, number of leaves plant-1
and leaf area (cm2)
Plant height, number of leaves plant-1 and leaf
area were found significant at 5% level of
probability (Fig. 1, 2, 3). ‘Swat White’
produced maximum height of 93.3 cm,
maximum number of 11.6 leaves plant-1 with
maximum leaf area of 114.9 cm2, while
minimum plant height of 64.7 cm with
minimum number of leaves 6.5 were
recorded in ‘Lehsan Gulabi’. Leaf area was
also minimum 44.7 cm2 in ‘Lehsan Gulabi’.
[8] Found plant height and number of leaves
plant-1 ranging from 86.50-108-50 and 10.0013.25 respectively in various genotypes.
According to [3] plant height shows vigor of
the germplasm. According to their results,
plant height decreases as the vigor decreases.
According to [9] rise in plant height increases
leaf area which leads to more yield. Leaf area
was positively and significantly correlated
with plant height, plant biomass but not yield
and plant height and leaf area were not
correlated with yield [10]. Plant height and
number of leaves plant-1 were different in
different genotypes and the growing
environment also influences plant height. As
all the tested germplasms were evaluated in
the same location and environment, so the
difference in plant height and number of
leaves appeared to be genetic. [11, 12] also
found significant differences in plant height
and number of leaves plant-1 in various
germplasms.
Stem thickness (mm)
The mean data regarding stem thickness
showed significant variation among the
genotypes (Fig. 4). Year as a source of
variation was not significant. Maximum stem
thickness of 15.9 mm was found in ‘Swat
White’ while minimum stem thickness of 7.0
mm was recorded in ‘Lehsan Gulabi’. [13]
stated that stem thickness in onion indicates the
failure of the plant to complete the bulb formation
process and such bulbs do not undergo dormancy.
This problem arises because of slow growth or
short growing period. According to [14] every
cultivar has specific photoperiodic requirement
for bulb production. When the minimum
photoperiodic and temperature requirement of the
cultivar does not meet, plants continue to grow
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Number of cloves bulb-1 and single clove
weight
Genotypes significantly influenced number
of cloves per bulb and single clove weight in
both the years while the year effect was nonsignificant. ‘Swat White’ and ‘Swat Garlic’
produced maximum number of 14.1 and 13.4
cloves per bulb respectively (Fig. 7, 8).
Cloves per bulb in‘NARC-1’ were minimum
6.5 but more than 3 times higher in weight
than the cloves of ‘Swat White’ and ‘Swat
Garlic’. ‘NARC-1’ is elephant garlic which
produce big size bulbs and cloves and hence,
popular among the farmers. Late planting or
spring planting of elephant garlic may not
produce separate cloves but will form large
single
undifferentiated
clove
which
sometimes grow to the size of a baseball [17]
Clove weight contribute to bulb weight which
lead to higher production. Clove number
appeared less important. Varieties differ in
number of cloves per bulb and bulb weight
[1]. According to [16] genotypes with more
bulb weight and number of cloves produced
more yield.
Yield (tons ha-1)
Yield tons ha-1 was significant (p ˂.0.05) in
various genotypes in both the test years and
the year effect was not significant (Fig. 9).
Yield of the new genotypes were 2-3 times
higher than the existing cultivar ‘Lehsan
Gulabi’ “Swat White’ and ‘NARC-1’ have
outclassed other genotypes producing a yield
of 24.9 and 24.0 tons ha-1. Better vegetative
growth, higher number of cloves and bulb
weight in these genotypes contributed to
more yield. High yield in garlic depends on
sufficient size and quality of the initial stock.
As garlic is propagated vegetatively through
cloves, keeping cloves pathogen free is very
challenging [18-20]. Initial planting stock of
‘Lehsan Gulabi’ was not satisfactory which
may the cause of its lower yield. Yield is
correlated with bulb diameter, number of
cloves, clove diameter and bulb weight [21].

without bulb formation which leads to thickening
of the stems. In garlic the phenomenon appeared
to be different. As neck is formed from the bases
of the leaves thus bigger leaves with more leaf
area make thick stems. Hard neck cultivars have
usually bigger leaves with more leave area and
thick stem compared to soft neck cultivars.
‘Lehsan Gulabi’ in this study is the soft neck
cultivar and have thinner stem compared to other
genotypes.
Days to maturity
Data regarding days to maturity in 2015-16
and 2016-17 and its mean is presented in
(Table 1a & b). Results showed that
genotypes vary significantly in days taken to
maturity; while year as source of variation
was not significant (p<0.05) ‘NARC-1’ took
maximum 206.3 days from transplanting to
harvesting while ‘Lehsan Gulabi’ matured 16
days earlier and took 190.8 days to harvesting
(Fig. 5).
Single bulb weight (g)
Single bulb weights varied in different
genotypes in both the growing seasons and
the year effect was also found significant at 5
% level of probability. Maximum single bulb
weight of 78.42 g was recorded in ‘NARC-1’,
while ‘Swat White’ and ‘Swat Garlic’ were
statistically at par having bulb weight of
70.05 g and 68.05 g respectively. Minimum
bulb weight of 20.10 g was recorded in
‘Lehsan Gulabi’ (Fig. 6). [15] assessed
phenotypic traits of ten diverse cultivars in
garlic across 12 locations in United States and
Canada and found that bulb size and
circumference vary with site.[16] reported
positive and significant correlation among
bulb yield, clove weight and bulb weight and
concluded that genotypes with high bulb
weight and more number of cloves gave more
yield.
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Table 1a. Agronomic traits of garlic genotypes
Treatments/
Characters

Plant Height (cm)

Leaf Area (cm2)

No. of Leaves/Plant

Stem thickness (mm)

Days to Maturity

Genotypes

2015-16

2016-17

Mean

201516

201617

Mean

201516

201617

Mean

201516

201617

Mean

201516

201617

Mean

NARC-1

68.8 d

76.9 c

72.8 d

8.4 d

8.0 d

8.2 d

95.8 a

100.9
bc

98.4 b

16.5 a

14.8 ab

15.7 a

207.6 a

205.0 a

206.3 a

NARC-3

75.1 cd

84.3 b

79.7 c

11.2 ab

8.6 cd

9.9 bc

102.1 a

110.7
ab

106.4
ab

15.0
abc

11.8 bc

13.4 bc

193.3 c

195.0
bc

194.1 c

NARC-4

77.6 bc

84.5 b

81.0 c

10.2 c

9.7 bc

9.9 bc

100.2 a

103.4
bc

101.8 b

15.3 ab

13.2
abc

14.2 ab

192.0 c

192.3
cd

192.1
de

NARC-5

76.0 bc

81.0 bc

78.5 c

10.3 c

8.2 cd

9.2 c

93.3 a

96.2 c

94.7 b

13.3 c

11.4 c

12.3 c

192.6c

193.0
cd

192.8
cd

Swat Garlic 1

82.0 b

91.4 a

86.7 b

10.7 bc

10.3 ab

10.5 b

114.4 a

115.5 a

114.9 a

14.4 bc

14.6 ab

14.5 ab

195.6 b

196.6 b

196.1 b

Swat White

92.8 a

93.9 a

11.5 a

11.7 a

11.6 a

93.9 a

111.7
ab

102.8 b

15.9 ab

16.0 a

15.9 a

197.3 b

196.3 b

196.8 b

Lehsan
Gulabi

61.1 e

68.3 d

64.7 e

6.5 e

7.4 d

6.9 e

45.1 b

44.3 d

44.7 c

6.4 d

7.5 d

7.0 d

191.6 c

190.0 d

190.8 e

LSD

6.7

4.9

3.9

0.70

1.7

0.87

22.91

10.96

12.0

1.80

3.02

2.07

1.97

3.97

2.36

Year

76.2

82.9

79.5

9.85

9.1

9.51

92.16

97.56

94.8

13.88

12.63

13.27

195.76

195.48

195.62

-

ns

-

-

ns

-

-

Ns

93.3 a

Year ×
*
ns
Genotypes
ns: non-significant at 5% level of probability, *significant at 5% level of probability
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Table 1b. Agronomic traits of garlic genotypes
Treatments/
Characters

Single Bulb Weight (g)

Number of Cloves/ Bulb

Single Clove Weight

Yield tons/ha

Genotypes

2015-16

2016-17

Mean

201516

201617

Mean

201516

201617

Mean

2015-16

201617

Mean

NARC-1

71.14 a

85.70 a

78.42 a

6.6 c

6.5 c

6.5 c

14.7 a

14.2 a

14.5 a

22.0 a

26.0 a

24.0 a

NARC-3

55.12 d

59.47 c

57.29
cd

12.5 b

11.9 b

12.2 b

4.0 c

4.1 b

4.0 b

16.5 b

18.3 d

17.4 c

NARC-4

58.29 cd

59.20 cd

58.75 c

12.6 b

13.4 a

13.0 ab

4.8 b

3.8 b

4.3 b

16.7 b

20.4 c

18.5 c

NARC-5

55.12 d

52.77 d

12.6 b

11.7 b

12.2 b

4.2 bc

3.5 b

3.9 b

15.2 b

19.2
cd

17.2 c

Swat Garlic 1

62.13 bc

73.97 b

13.5 a

13.4 a

4.4 bc

3.6 b

4.1 b

21.7 a

22.7 b

22.2 b

Swat White

65.50 ab

74.60 b

14.1 a

14.1 a

3.9 c

4.1 b

4.0 b

24.5 a

25.4 a

24.9 a

Lehsan Gulabi

20.79 e

19.40 e

11.8 b

13.4 a

2.1 d

1.5 c

1.8 c

9.9 c

7.7 e

8.8 d

55.44
60.73
58.09
1.97
1.4
1.17
LSD
47.45 b
60.34 a
53.90
12.41
11.87
12.14
Year
*
ns
Year × Genotypes
ns: non-significant at 5% level of probability , *significant at 5% level of probability

0.85
5.47
-

0.91
4.99
-

0.77
5.23
ns

2.89
18.11
-

2.04
19.96
-

1.63
19.04
ns

53.94
d
68.05
b
70.05
b
20.10 e

13.4
ab
14.0
ab
15.1 a
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Figure 1. Mean data of plant height of different genotypes in both season (2015-2016)

Figure 2. Mean data of No. of leaves plant-1 of different genotypes in both season (20152016)
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Figure 3. Mean data of leaf area (cm2) of different genotypes in both season (2015-2016)

Figure 4. Mean data of stem diameter (cm3) of different genotypes in both season (20152016)
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Figure 5. Mean data of single bulb weight (g) of different genotypes in both season (20152016)

Figure 6. Mean data of Days to maturity of different genotypes in both season (2015-2016)
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Figure 7. Mean data of No. of cloves bulb-1 of different genotypes in both season (20152016)

Figure 8. Mean data of Single clove weight (g) of different genotypes in both season (20152016)
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Figure 9. Mean data Yield (tons.ha-1 of different genotypes in both season (2015-2016)
Conclusion and recommendations
New genotypes performed better in all yield
contributing parameters and produced 2-3
times higher yield than the local cultivar.
The existing cultivar should be replaced
with new genotypes to improve garlic bulb
yield.
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