Bulb Morphological Characteristics as Selection Indices to Improve Yield of
Garlic (Allium sativum L.)
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ABSTRACT

During this study, 21 garlic genotypes consisted of ten
clones of Egyptian cultivar, nine clones of Chinese cultivar,
as well as their original populations were evaluated to
estimate the extent of improvement in four yield
component traits after six cycles of clonal selection. Also,
simple phenotypic correlation among these traits and their
relationship with yield. Besides estimating linear and
quadratic responses (simple and multiple regression); to
clarify the relationship between yield and the four studied
characteristics. This research has been conducted at the
Research farm of Faculty of Agriculture in “Abies” area of
Alexandria University, Egypt, for 2020/2021 during the
winter season, in a randomized complete block design with
three replications. The studied traits were included bulb
weight, cloves weight per bulb, average clove weight,
cloves number per bulb, and yield per plot. T-test in group
reflected a significant improvement in the four yield
components traits, whether in the improved clones of
Egyptian or Chinese cultivar. The results illustrated, also,
that yield per plot showed a highly significant positive
correlation with bulb weight, cloves weight per bulb, and
average clove weight. Stepwise regression indicated that
more than 98% of the variation in yield is explained by
bulb weight, average clove weight, and cloves number per
bulb. Thus, high yield of garlic plants can be obtained by
selecting breeding materials with these aforementioned
three variables.

Keywords: bulb traits, correlation, evaluation, garlic,
regression

INTRODUCTION

Garlic, Allium sativum L., Alliaceae family, is
considered one of the most important aromatic spices in
this family. It is one of the important vegetables grown
under Egyptian conditions, whether for local marketing
or export. Garlic products have become popular in
recent years, and a variety of culinary preparations and
pharmaceuticals are now available in Egypt and many
countries.

Evaluation and selection of local and foreign garlic
cultivars is a work in progress because some cultivars
have greater adaptability while others are a source of
diversity for breeding improved -cultivars. Several
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efforts have been made to introduce high-yielding garlic
cultivars to Egypt to overcome the problem of low
productivity of the local cultivar (Egyptian) (El-Mesirry
and Radi, 2019). Accordingly, many new garlic
cultivars and clones appeared, which were evaluated
under local conditions and proved successful for several
years (Omer and Abou Hadid, 1992, Osman and
Moustafa, 2009 and Gadel-Hak et al., 2011), but some
deterioration appeared on some cultivated genotypes
over time (Mostafa et al., 2020). So, plant breeders
began to improve those degraded traits and reach some
new and distinct genotypes.

Selection of excellent and outstanding genotypes of
productivity is not an easy task; since the yield
characteristic is a complex genetic trait, it is the result of
the integration of many genetic and environmental
variants. Accordingly, in order to be properly studied
and to reach the best results, it is necessary to know the
extent of the effect and the relationship between the
garlic yield and its components, which would raise the
efficiency of breeding programs, by identifying the
appropriate indices for selecting distinct garlic cultivars
(Singh et al., 2011). Dubey et al. (2010) and Barad et al.
(2012) showed that the production efficiency of garlic
cloves number and bulb diameter positively improved
the yield. Their studies reflected the importance of any
of the variables, especially weight of bulb and number
of cloves, in the breeding programs. Accordingly,
various statistical techniques have been used in crop
yield modeling including correlation, regression, path
analysis, factor analysis, factor components, and cluster
analysis. Simple correlation relationship measures
associations between two characteristics that quantify
the magnitude and direction of the influences of one
characteristic on another. Regression is an important
statistical procedure for examining the degree of
contribution of return variables (Barad et al., 2012).

Therefore, this study was conducted as a practical
experiment to clarify the relationship between garlic
yield and its components. The aim was to provide a
practical basis for guiding garlic breeders who are
looking for the genetic association of key agricultural
traits and their effect on garlic plant productivity. To
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achieve this goal, the relationship between garlic yield
and its components was studied using regression
procedure, and the reflection of that relationship on
improving the yield characteristic as well as improving
the bulb quality.

MATERIAL AND METHODS

Plant material and experimental design:

The evaluated genotypes comprised of 21 garlic
genotypes, include ten improved clones of the local
cultivar (Egyptian cultivar) and nine improved clones
from the Chinese cultivar as well as the two original
cultivars Egyptian and Chinese. These genotypes were
evaluated in a randomized complete block design with
three replications in the farm of the Faculty of
Agriculture, Alexandria University, Egypt, during the
2020/2021 winter season in the first week of October.
Garlic cloves of each genotype were planted in the
experimental unit (8.4 m?). It consisted of four rows
3.00 m long and 0.7 m wide, and garlic cloves were
planted on both sides of the row with 7.0 cm between
hills. Immediately after sowing and before irrigation,
weeds were controlled with pre-emergence herbicides.
All other agricultural practices were carried out as
recommended for commercial production.

Harvesting and data logging

At harvesting time (185 days after planting), when
older leaves turned vyellowish-green and started
withering. All plants of each plot were harvested, and
bulbs were spread in single layers under room
temperature conditions for the curing process for three
weeks. The total yield per plot was calculated after
curing by 7 days. In addition, 5 bulbs were randomly
collected from each plot to determine bulb weight (g),
cloves weight per bulb (g), cloves number per bulb, and
average clove weight (g).

Statistical analysis

To test the significance of the studied traits of
Egyptian garlic population versus its improved clones
and the original Chinese population versus its improved
clones, student test in groups was used. A matrix of
simple correlation coefficients between studied traits
and stepwise multiple regression were performed using
SAS 9.3 software (SAS, 2007). Linear and quadratic
responses (simple regression) between vyield per plot

and each of the four studied traits, were performed by
Curve Expert, ver. 1.34 (Hyams, 2005).

RESULTS AND DISCUSSION

Estimating the degree of improvement in the two
studied populations (Egyptian and Chinese cultivars)

The results of the t-test in groups for the studied
traits reflected the presence of significant differences
between the original populations of both cultivars,
Egyptian and Chinese, and their improved clones for all
the studied traits. The following illustrations of the
normal distribution curves were used to show the extent
of improvement obtained after six selection cycles in the
Egyptian and Chinese garlic cultivars.

Bulb weight (g)

The illustration of the normal distribution curve, Fig.
1A showed a degree of improvement obtained for bulb
weight trait of the original population of Egyptian
cultivar and its improved clones. The results illustrated
that the curve of the original population extended at its
two ends from 10 to 60 g with a range of 50 g and a
mean of 30 g. While the curve of the improved clones
descended from it ranged from 30 to 81 g with a mean
of 58 g and thus reflected an improvement of 93.3%.
These results led to an increase in the height of the
curve (the flatness decreased); where, the improved
population recorded standard deviation 11.6, while it
was 13.5 in the original population of Egyptian cultivar.
That means the differences between clones were lower
than the original population. As for the original
population of Chinese cultivar, Fig. 1B illustrated that
the minimum and maximum end of curve ranged from
10 to 70 g, with a mean of 30 g. As for the improved
population clones, the values of the two sides were 59
and 90 g, with a mean of 70 g, and an improvement rate
of 133.3% as well as the derived clones became more
homogenous. Concerning the improved clones, the
coefficient of variation value was 13.00%, while it was
44.0% in the original Chinese cultivar. From the
obtained improvement percentage of bulb weight trait,
the doubling of the crop can be observed, in the
improved clones of Egyptian or Chinese cultivars,
compared to the two original populations from which
the improved clones descended. These results are
confirmed with Dawood et al., 2011, Saker, 1996 and
Anwar et al., 2017
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Fig. 1. Normal distribution of bulb weight trait for original and improved populations

Cloves weight per bulb (g)

As for the trait of cloves weight per bulb, the
illustration of the normal distribution curve, Fig. 2A
showed that mean of the studied trait of the original
population (Egyptian cultivar) was estimated at 25 g,
and the ends of the normal curve ranged from 8 to 55 g.
The selection cycles led to obtaining a population of
improved clones, which gave an average value of 53 g,
with an improvement rate of 112% compared to the
original population, with ranged values of 30 and 79 g,

respectively.  Concerning the Chinese cultivar
population, Fig. 2B, the recorded data showed
noticeable improvement of this trait as the curve of the
improved clones varied with a range of 31 g, mean of 67
g, and standard deviation of 8.04. While the normal
curve of the original population of Chinese cultivar was
low (more widening), where its standard deviation was
11.2 with a mean of 28 g. Therefore, the improved
clones outperformed by 133.3% compared to the
original Chinese cultivar, with the curve range of 61 g.
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Fig. 2. Normal distribution of cloves weight per bulb trait for original and improved populations
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Average clove weight (g)

The illustration of the normal distribution curve for
average clove weight, Fig. 3A, showed that the mean
value of the original population of Egyptian cultivar of
0.85 g, while the mean value of average clove weight of
the improved clones was 1.85 g, with an improvement
percentage 117.6%. The standard deviation of the
improved clone’s population was 0.22 while it was 0.37
for the original population of Egyptian cultivar. As for
the original Chinese cultivar population and the
improved clones descended from it, Fig. 3B, showed
that the percentage of improvement reached 68.4%,
where the average clove weight of the improved clones
was 4.21 g compared to 2.50 g for the original Chinese
cultivar. Lack of improvement of this trait in the
improved Chinese clones compared to the improved
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Egyptian clones may be due to the heavy weight of the
clove in the Chinese cultivar compared to the Egyptian
cultivar.

Cloves number per bulb

A shown in Fig. 4A, the original population of
Egyptian cultivar recorded a minimum of 15 cloves per
bulb and a maximum of 65 cloves per bulb, with
average of 40 cloves per bulb. The trend of selection in
multiple cycles aimed to decrease cloves number per
bulb with an increase of average clove weight.
Therefore, the curve of the improved clones moved to
the left, which reflected the success of the selection
program, where the improved clones gave mean values
less than the original population of Egyptian cultivar.
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Fig. 3. Normal distribution of average clove weight trait for original and improved populations
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The improved clones recorded 34 cloves per bulb as
an average with a minimum of 15 cloves per bulb and a
maximum of 40 cloves per bulb, which gave an
improvement rate of 15%. It was also noted a few
differences in the improved clones, with a standard
deviation of 12.0 compared to the original population of
Egyptian cultivar 3.4. On the other hand, Fig. 4B
showed that improved clones curve had a mean value of
18 cloves per bulb with an increase of 20% over the
mean value of the original population of Chinese
cultivar (15 cloves per bulb), which extended between
10 to 30 cloves per bulb. While the curve edges of the
original population were between 5 to 38 cloves per
bulb; moreover, the standard deviation of the improved
clones was lower than the original Chinese cultivar,
(3.06 and 4.50), respectively. These results can be
supported by Omar and Abou Hadid, 1992 and Zepeda,
1997.

Correlation coefficients estimates

Yield is a complex quantitative trait that is
controlled by several genes interacting with the
environment. Yield is the resultant of many attributes
which are known as yield components. Accordingly,
efficiency of selection in any breeding program depends
mainly on the relationship between those characters.
Knowing the associations between yield and its
associated traits can significantly enhance the efficiency
of yield improvement using appropriate selection
indicators.

Correlation coefficient is one of the important tools
that indicate the nature of the correlation between
different traits. The traits that are correlated with yield
are of great importance to plant breeders in the case of
breeding by selection. In the current study (Table 1), the
yield per plot showed a highly significant positive
correlation with bulb weight (0.98), cloves weight per
bulb (0.98) and average clove weight (0.67); while
relationship between yield per plot and cloves number
per bulb did not reach significant level. Finding are
harmony with those illustrated by Dubey et al., 2010,
Singh et al., 2011, Barad et al., 2012 and Sable et al.,
2020.

The studied yield attributes also were positive and
highly significant related with each others, except
cloves number per bulb that negatively and significantly
related with average clove weight (-0.73). However,
relation between cloves number per bulb and each of
bulb weight and cloves weight per bulb did not reach
significance level (-0.23 and -0.23).

Thus, selection based on bulb weight, cloves weight
per bulb, and average clove weight traits could help in
improvement program of garlic.

Table 1. Simple phenotypic correlation coefficients
between the studied characters of garlic

Cloves Cloves Average Yield
weight  number clove per
Characteristics per per weight plot
bulb bulb (9) (kg)
(@)
Bulb weight 0.99** -0.23 0.73**  0.98**
Cloves weight -0.23 0.72**  0.98**
per bulb
Cloves number -0.73** -0.11
per bulb
Average clove 0.67**
weight

**: Significant 0.01 level of probability.

Estimates of regression

Yield trait is controlled by many characteristics that
are called yield components, as such traits affect the
trait of yield negatively or positively. As each of these
characteristics has its effect and the degree of its
contribution to the manifestation of the characteristic of
yield, whether on its own or if it overlaps with one or
more other characteristics. To find out the extent to
which each of the traits of the components of the studied
yield individually affects the productivity trait, as well
as the extent to which each trait contributes to reflect the
best yield; the regression coefficient, either simple or
multiple .Simple and multiple regression coefficients
were estimated on three improved garlic populations,
namely, ten improved clones of Egyptian cultivar, nine
improved clones of Chinese cultivar, and whole
improved clones of both Egyptian and Chinee cultivars.

Simple regression coefficient estimation

Bulb weight (X1) and cloves weight per bulb (X2)

The results of Fig. 5 describe simple regression
relationship between the characteristic of bulb weight
(g) and vyield per plot reflected positive linear
relationship. The coefficient of determination (r?) values
with 0.99, 0.97, 0.97 for the three studied improved
clones derived from Egyptian cultivar, Chinese cultivar,
and whole clones, respectively. The relationship
between the two traits showed that the increase in bulb
weight is accompanied by an increase in yield per plot.
Also, the relationship between cloves weight per bulb
and yield per plot showed the same direction, where
increase cloves weight per bulb led to an increase in
yield trait. The percentages of differences due to this
relationship compared to the total differences (the
coefficient of determination values) for the three
improved populations derived from Egyptian cultivar,
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Chinese cultivar, and whole garlic clones were 0.98,
0.95, 0.96, respectively, as shown in Fig. 6.

Average clove weight (Xs)

As for average clove weight and its relationship to
yield per plot, Fig. 7, reflected a second-order
relationship with a coefficient of determination of 0.66
for improved clones of Egyptian cultivar, 0.17 for
improved clones of Chinese cultivar, and 0.66 for garlic
in general. The results illustrated that with an increase in

the average clove weight, the vyield increases until
average clove weight 2.925 g in improved clones of
Egyptian cultivar, 5.78 g in improved clones of Chinese
cultivar, and 4.76 g in garlic in general, and then yield
begins to decrease. The decrease in yield at this limit of
average clove wight can be attributed in the different
populations to the accompanying decrease in cloves
number per bulb, as shown in Table (1).
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Cloves number per bulb (X4)

Regarding cloves number per bulb and its
relationship with yield per plot; it recorded a second-
degree (curve linear) relationship. Coefficient of
determination values for the three improved
populations; Egyptian cultivar, Chinese cultivar, and
garlic in general; were estimated as 0.56, 0.33, 0.05,
respectively. The data in Fig. 8 showed that with an
increase in cloves number per bulb, the yield of
improved clones of Egyptian cultivar increases. While
in the improved clones derived from Chinese cultivar
the data reflected an increase in yield per plot with
increasing cloves number per bulb up to optimum point
(27.499 cloves per bulb), which gave the maximum
value of yield per plot. But as the number of cloves
continues to increase, yield begins to decline; this may
be due to the low average clove weight. As for garlic in

general population, the results reflected a decrease in
yield with increasing cloves number per bulb up to 36.2
cloves per bulb; while yield per plot seemed to increase
after this limit. This may be due, as previously
mentioned to the relationship between average clove
weight and the yield per plot (Fig. 7). This result
reflected that the increase in yield per plot depended on
increasing in the average clove weight up 4.76 g despite
the small number of cloves. While, higher increases in
the average clove weight led to a decrease in yield per
plot. Based on that result, it can be concluded that the
most important trait for increasing yield is cloves
number per bulb.
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Multiple regression coefficient estimate
Improved clones of Egyptian cultivar

By studying the multiple regression relationship, of
improved clones of Egyptian garlic population, it was
found that the best equation could represent it
N

Y =156 +0.25"X;+ 1.51"X3- 0.21"X4— 0.3"X3? + 0.004" X2

Where this equation describes 99.45% of the total
differences that exist in yield per plot. Also, it is clear
from the equation that an increase in bulb weight and a
decrease in cloves number per bulb, as well as an
increase in the average clove weight up to a certain
limit; reflects an increase in the crop, but with the
continued increase in average bulb weight accompanied
by a decrease cloves number per bulb leads to a
decrease in the yield, because the increase in the
average clove weight is not compensated by the
decrease in cloves number. And based on what has been
achieved; it can be concluded that the limiting factor to
increase yield per plot in this population is the
characteristic of cloves number per bulb, as this result
agreed with what was reached when estimating the
simple regression of the same features (Fig. 5, 7 and 8).
Moreover, these results, also, confirmed the negative
correlation between the two traits when estimating the
correlation coefficient (r = - 0.73**). Based on the
foregoing, it can be increased yield per plot of the
improved clones of Egyptian garlic by increasing the
average head weight, accompanied with an increasing
average clove weight up to a certain extent. This is
because of the large increase in the average clove
weight will decrease cloves number per bulb, which
causes the decrease in yield.

Based on the previous equation; cloves weight per
bulb and the square effect for both cloves number per
bulb and cloves weight per bulb were excluded due to
their insignificance effects as well as their partial
coefficient of determination (0.0002, 0.0001, and
10.0002), respectively.

Improved clones of Chinese cultivar

For the improved clones of Chinese garlic
population, the best equation describing the relationship
is
N
Y =-7.01 + 0.2 X3+ 0.25" X3 — 0.19""X4— 0.18"X5?

The data of this equation reflected that yield per plot
depends on the components of the equation at a
percentage of 98.5%, where the yield increases with the
increase in bulb weight and the increase in cloves
number per bulb, as well as the increase in average
clove weight with the significance of the squared effect
of this trait. These results mean that with a large

increase in average clove weight, yield decreases due to
the lack of cloves number per bulb. This confirms the
importance of this trait when selecting to increase yield,
and this was indicated in the description of the
relationships of simple regression as illustrated from
Fig. 5, 7 and 8.

The square effect of bulb weight and cloves number
per bulb, as well as the linear and squared effect of
average clove weight trait, were excluded due to their
insignificant effects where their partial coefficient of
determination values were (0.0000, 0.0000, 0.0014, and
0.0004).

Garlic in general

Concerning the garlic population in whole, the best
multiple regression equation relationship is
N

Y =-2.34 + 0.24™X; +0.35" X5+ 0.08™ X4

As the value of the coefficient of determination
(0.985) indicates the strength of the relationship and it is
a linear relationship. Where, with an increase in bulb
weight, cloves number per bulb, and average clove
weight; yield per plot will increase. Based on this, it can
be confirmed through the equation that these
components are among the most important components
of yield, where the trait of average clove weight was
excluded because there was no significant effect for it,
which was estimated at 0.0003.

Similar findings have been reported by Dubey et al.,
2010, Singh et al., 2011, Barad et al., 2012, Al Gehani
and Kanbar, 2013 and Sable et al., 2020, who illustrated
that production efficiency of cloves number and bulb
weight of garlic positively improved yield.

CONCLUSION

The multiple statistical procedures which have been
used in this study showed that the bulb weight, average
clove weight, and cloves number per bulb were the most
important variables for improving garlic yield. This was
clear with all used statistical procedures; thus, the high
yield of garlic can possibly be obtained by selecting
genotypes that have these three variables.
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