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 ABSTRACT

Variability and correlation among bulb yield and yield related traits of twenty five local garlic accessions 
was studied at Chilga, North Gondar Zone, Ethiopia during 2005 and 2006. Highly significant differences (P<0.01) 
among accessions were recorded for yield and its contributing characters, whereas harvest index showed 
significant (P<0.05) variation. Moreover, very little difference was found in between genotypic and phenotypic 
coefficient of variation indicating the variability among accessions were mainly characterized by their genetic 
constitution, whereas the environmental influence was very low. Comparatively high heritability coupled with high 
expected genetic advance as percent of mean was recorded for bulb dry weight, dry weight above ground, yield 
per plant, biological yield per plant, plant height, leaf length, weight of clove and cloves per bulb. Bulb yield per 
plant showed positive and significant phenotypic correlation with all characters except harvest index and days to 
maturity. Genotypic correlations were higher in magnitude than that of phenotypic correlations for the majority of 
the characters studied. Path coefficient analysis revealed that all characters except leaf length, dry weight above 
ground and bulb dry weight exerted positive direct effect on bulb yield per plant at phenotypic level. The low 
residual value indicated that the characters used were enough to explain their contribution and effects on bulb 
yield per plant in garlic towards yield. 
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INTRODUCTION
Garlic (Allium sativum L., 2n = 16) belongs to the 

family Alliaceae and is the second most widely used 
Allium next to onion (Rubatzky and Yamaguchi, 7). It 
originated on the northwestern side of the Tien-Shan 
mountains of Kirgizia in the arid and semi-arid areas 
of Central Asia (Etoh and Simon, 9) and has a wide 
area of adaptation and cultivation throughout the 
world. In Ethiopia, garlic was cultivated on 6,042 ha 
land and 79,421 tonnes of yield was recorded during 
2001-02. Out of the total production, 64% was used 
for household consumption and 22% was used for 
the market (CACC, 6). In this country, garlic is one of 
the most vital vegetable crops used as ingredients of 
local stew wot. It is produced by small and commercial 
growers for both local use and export. Keeping in view 
selection for yield and yield related traits require an 
integral approach, since the nature of yield contributing 
characters is highly variable and significantly modified by 
external factors. The effectiveness of selection depends 
on the amount of variability present in the genetic 
material for yield and yield related characters. Hence, 
the estimation of variability is of prime importance. 
The knowledge regarding the association and path 
coefficient between yield and its component characters 

are therefore of paramount importance in determining 
the real component characters that could be used 
as selection parameters for effective improvement. 
Figliuolo et al. (11), Shri Dhar (18), Naruka and 
Dhaka (16) in their work on garlic, found tremendous 
variability, association and direct and indirect effect 
among bulb yield and yield traits. However, information 
is lacking regarding these parameters among the 
different accessions existing in Ethiopia, especially 
yield and its related traits. Therefore, in the present 
study an attempt has been made to exploit the rich 
garlic germplasm and establish relationship between 
pairs of characters and relative contribution of yield 
components to the yield. 

MATERIALS AND METHODS
The study was conducted in the northern part of 

Ethiopia, North Gondar Zone, Chilga woreda (District), 
located about 60 km west of Gondar town during 
2005 and 2006. The research site has an altitude 
of 1,980 m above sea level, receives mean annual 
rainfall of 800 mm and has maximum and minimum 
mean temperatures of 25 and 12°C, respectively 
(CWARDO, 7). The soil type is sandy loam with 2.45% 
organic matter and pH of 6.01. Twenty-five local garlic 
accessions were used for the study. The accessions 
represent the national collections from different regions 

Indian J. Hort. 67(4), December 2010: 489-499



490

Indian Journal of Horticulture, December 2010

of the country, maintained at Debre Zeit Agricultural 
Research Centre, Ethiopia. The investigation was 
carried out in randomized block design (RBD) with three 
replications. Cloves were planted at a spacing of 30 
cm and 10 cm between rows and plants, respectively. 
Land preparation, planting and other management 
practices were applied as per the recommendations 
of Getachew and Asfaw (12). 

Fifteen economical characters were recorded 
on ten randomly taken plants from each plot. The 
plant height (PH) was measured in centimetre from 
the ground level to the top of the mature leaf. The 
total number of healthy leaves taken at physiological 
maturity was counted as number of leaves per plant 
(NLPP). The diameter of the longest leaf measured 
by vernier calliper at maturity was expressed as leaf 
diameter (LD) however, average length of the longest 
leaf expressed as leaf length (LL). Neck girth (NG) was 
calculated as average thickness measured at the neck 
point of the mature bulb. The diameter at the two poles 
measured as bulb polar diameter (BPD). However, the 
average size measured at the widest point in the middle 
portion of the bulb was recorded as bulb perimeter (BP). 
The total number of cloves per bulb (CB) counted after 
harvest and weight of clove was measured as weight 
of clove (WC) in gram. The average weight of mature 
bulb expressed in grams was recorded as yield per 
plant (YPP) however total yield (total biomass) at the 
time of maturity expressed as biological yield per plant 
(BYPP). Further, the ratio of total bulb yield per plant to 
the biological yield expressed in percentage recorded 
as harvest index per plant (HI). The average weight 
of the mature bulb in grams after oven dried at 80oC 
till the constant moisture level was measured as bulb 
dry weight (BDW) Similarly total dry weight of above 
ground biomass of physiologically mature plant was 
recorded as dry weight above ground (DWAG). Days 
to maturity (DTM) was measured as actual number of 
days from planting to a day at which more than 90% 
of the plants attained physiological maturity. 

The collected data were subjected to analysis 
of variance using the linear model equation

ijjiTijy εβµ +++= ijε , where, µ = the overall mean, 

iT = the effect of the ith treatment, jβ = the effect of 

the jth block, and ijε = the random effect associated 
with the experimental unit assigned to the ith treatment 
and occurring in the jth plot to determine the differences 
existing among the 25 garlic accessions. The variance 
was analyzed using the standard procedure applicable 
to randomized block design (RBD) as suggested by 

Gomez and Gomez (13) using MSTATC (15) statistical 
software. The variability present in the population 
was estimated on simple measures, namely range, 
mean, standard error, phenotypic and genotypic 
variance, coefficient of variations, heritability and 
genetic advance as suggested by Burton and De Vane 
(5), and Allard (2). Correlation and path analysis was 
calculated method suggested by Miller et al. (4), and 
Dewey and Lu (8).

RESULTS AND DISCUSSION
Analysis of variance (ANOVA) for all the characters 

is presented in Table 1. The mean squares due to 
accessions were found to be highly significant (P<0.01) 
for all the traits studied except harvest index which 
was significant at P<0.05, indicating the existence of 
sufficient genetic variability among the accessions. 
Figliuolo et al. (11) also reported highly significant 
difference with respect to plant height, leaf length, 
number of leaves per pant, neck girth, number of 
cloves per bulb, bulb polar diameter, bulb perimeter 
and weight of cloves. 

The results of the present investigation on the 
estimates of different variability parameters for the 
characters studied are presented in Table 2. All 
characters presented wide range of variation across 
the accessions such as plant height (35.20 cm in G-42-
1/94 to 53.33 cm in G-493), number of leaves per plant 
(3.4 for G-75/94 to 5.85 for G-15-2/94), leaf dia. (0.53 
cm in G-22-2/94 to 1.13 cm in G-45/95), leaf length 
(19.50 cm for G-22/94 to 31.86 cm for G-52-2/94), neck 
girth (2.65 cm in G-22-2/94 to 3.78 cm in W-014), bulb 
perimeter (9.5 cm in G-05/94 to 14.02 cm in G-114-
1/94), bulb polar diameter (4.16 cm for G-05/94 to 5.40 
cm for G-114-1/94), number of cloves per bulb (5.00 
in G-22-2/94 to 13.79 G-208-1/90). Weight of cloves, 
yield per plant and biological yield per plant showed a 
wide range of variability being the minimum for G-05/94 
and maximum for W-014. Days to maturity recorded 
variation between 123.33 days (early) in G-36-1/94 and 
157.66 days (late) in G-493. The mean performance 
for different characters of garlic genotypes at Chilga, 
North Gondar is given in Table 3. The range and the 
mean suggested the existence of sufficient variability 
among the tested accessions for majority of characters 
which showed that there is considerable potential in 
improvement of Ethiopian local garlic. 

Phenotypic coefficients of variation (PCV) were 
higher than genotypic coefficients of variation (GCV) 
for all characters tested. A very narrow difference 
between PCV and GCV was observed in characters 
like days to maturity, cloves per bulb, bulb dry weight 
and plant height, which indicated less influence of the 
environmental factors in determining such traits. The 
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range for PCV was 7.16% for bulb polar diameter to 
44.7% for bulb dry weight, whereas GCV ranged from 
4.81% for harvest index to 44.57% for bulb dry weight. 
High PCV and GCV were observed in characters like 
dry weight above ground, yield per plant, biological 
yield per plant and weight of cloves. These variations 
in characters may attribute to the geographical origin 
of these accessions and it offers relatively wide scope 
for selection among these characters. Moderate PCV 
and GCV values were recorded for number of leaves 
per plant, bulb perimeter, plant height, cloves per 
bulb, leaf length and leaf diameter. These traits having 
considerable genetic variability, offer good opportunity 
for crop improvement through selection. Bulb polar 
diameter, days to maturity, neck girth and harvest 
index showed lower PCV and GCV values indicating 
limited scope for improvement of these traits through 
selection. This study was in conformity with that of 
Shri Dhar (18) in garlic, Abayneh (1) in onion and 
Fasika (10) in shallot. Broad sense heritability (h2) for 
all characters exhibited high value of heritability except 
harvest index. It ranged from 42.7% for harvest index 
to 99.7% for biological yield per plant. Moreover, high 
expected genetic advance as percent of mean was 
observed for bulb dry weight, dry weight above ground, 
yield per plant, biological yield per plant, weight of 

clove and cloves per bulb. Hence, selection for such 
characters is likely to be effective, as high heritability 
values were associated with high genetic advance. In 
agreement with the present findings, Shri Dhar (2002) 
also reported high heritability and genetic advance for 
various characters. 

Estimates of phenotypic and genotypic correlation 
coefficients between each pair of the studied characters 
are presented in Table 4. Genotypic correlation 
coefficients were found to be higher in magnitude 
than that of phenotypic correlation coefficients, which 
clearly indicated the presence of inherent association 
among various characters. Bulb yield per plant showed 
positive and significant phenotypic and genotypic 
associations with plant height, number of leaves per 
plant, leaf diameter, leaf length, neck girth, bulb polar 
diameter, bulb perimeter, cloves per bulb, weight of 
cloves, biological yield per plant, dry weight above 
ground, and bulb dry weight. Thus, it indicated that 
improvement of these characters could improve the 
physiological capacity of the crop to mobilize and 
translocate photosynthates to the organs of economic 
value, which in turn might have increased the bulb 
yield as observed in the study. In harmony with this 
study, Badshah and Umar (3), Naruka and Dhaka 
(16), and Baghalian et al. (4) observed the same result 
in garlic. 

Table 1. Mean square of 15 quantitative characters of 25 Ethiopian garlic accessions.
Code Source of variation

Replication Accession Error CV(%)
PH (cm) 2.577 83.085** 1.848 3.2
NLPP 0.064 1.215** 0.132 7.6
LD (cm) 0.007 0.043** 0.003 6.5
LL (cm) 0.557 29.243** 0.355 2.5
NG (cm) 0.013 0.202** 0.011 3.1
BPD (cm) 0.016 0.304** 0.026 3.3
BP (cm) 0.061 4.337** 0.084 2.5
CB 0.103 13.049** 0.054 2.3
WC (g) 0.001 0.795** 0.003 3.0
YPP (g) 0.065 119.354** 0.200 2.2
BYPP (g) 0.386 183.540** 0.160 1.6
HI (%) 24.901 61.008* 18.802 5.5
DWAG (g) 0.004 0.999** 0.004 4.4
BDW (g) 0.004 19.493** 0.037 3.4
DTM (days) 0.413 336.167** 0.413 0.5
PH = plant height, NLPP = number of leaves per plant, LD = leaf diameter, LL = leaf length, NG = neck girth, 
BPD = bulb polar diameter, BP = bulb perimeter, CB = number of cloves per bulb, WC = weight of clove, YPP = 
yield per plant, BYPP = biological yield per plant, HI = harvest index per plant, DWAG = dry weight above ground, 
BDW = bulb dry weight, DTM = days to maturity. CV = coefficient of variation.
**,* = Significant at 1 and 5% levels of probability, respectively.
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Correlations among yield and yield components 
and other quantitative traits help in understanding 
the interdependence of the traits. Biological yield per 
plant showed positive and significant phenotypic and 
genotypic correlation with plant height, number of leaves 
per plant, leaf diameter, leaf length, neck girth, bulb 
polar diameter, bulb perimeter, cloves per bulb, weight 
of clove, bulb dry weight and dry weight above ground 
(Table 4). This suggested that increment in biomass 
production was a result of increase in bulb perimeter, 
leaf diameter, number of leaves per plant, which led to 
relatively giant plant morphology. Plant height showed 
a positive and significant genotypic relationship with 
number of leaves per plant, leaf diameter and leaf 
length that obviously led to increment in photosynthetic 
area and might have partly contributed to increment 
in yield of bulb per plant. Number of leaves per plant 
and leaf diameter indicated positive phenotypic and 
genotypic correlation with biological yield per plant, 
weight of clove, bulb polar diameter and bulb perimeter 
along with leaf diameter, leaf length, neck girth, cloves 
per bulb, dry weight above ground and bulb dry weight, 
it seems reasonable to conclude that leaves numbers 
and diameter contributed for bulb yield per plant. Neck 
girth and bulb perimeter positively correlated with all 
the characters except days to maturity. Bulb polar 
diameter also positively associated with all characters 
except harvest index and days to maturity at phenotypic 
and genotypic levels. These three characters were 
correlated to each other which could be the factor for 
improvement of bulb yield. However, in the present 
study number of cloves per bulb hardly correlated 
with bulb weight. Weight of clove was positively and 
significantly correlated with all characters except cloves 
per bulb, days to maturity and harvest index at both 
genotypic and phenotypic level. 

Dry weight above ground was positively and 
significantly correlated with number of leaves per plant, 
clove number per bulb, plant height, leaf diameter, 
leaf length, neck girth, bulb polar diameter, bulb 
perimeter, weight of clove, biological yield per plant 
and bulb dry weight at genotypic level, thus implied 
the above ground biomass exerted a critical influence 
on dry matter production and resulted in high bulb 
yield. Harvest index showed positive correlation 
except leaf diameter, bulb polar diameter, dry weight 
above ground and days to maturity at both phenotypic 
and genotypic level. Days to maturity was positively 
correlated only with leaf diameter, leaf length and dry 
weight above ground at phenotypic and genotypic level. 
However, bulb dry weight was positively correlated 
to all characters except days to maturity at both 
phenotypic and genotypic level. In harmony with this 
study, Figliuolo et al. (11) and Shri Dhar (18) reported 
similar results. The positive and significant association 

of pairs of characters at phenotypic level and positive 
and high correlation at genotypic level justified the 
possibility of correlated responses to select and it 
follows that, with the increase in one character, there 
is a possibility of increment in the other. The negative 
correlations prohibit the simultaneous improvement 
of those traits.

Correlations in phenotypic and genotypic terms 
were analyzed further by path coefficient analysis 
technique, which involved partitioning of the correlation 
coefficient in to direct and indirect effects via alternative 
characters or pathways. The estimates of direct and 
indirect effects are presented in Tables 5 & 6. At 
phenotypic and genotypic level Biological yield per 
plant and cloves per bulb contributed their major 
effect as direct effects along with accompanying traits 
viz., number of leaves per plant, bulb dry weight, 
neck girth, weight of clove, bulb polar diameter, days 
to maturity, leaf diameter and plant height. These 
characters could be considered as major components 
of selection in a breeding program for obtaining 
higher bulb yield and those characters significantly 
correlated with each other. Negative direct effect at 
phenotypic level was recorded for bulbs dry weight 
(-0.004), dry weight above ground (-0.041) and leaf 
length (-0.095). However, these traits were positively 
and significantly correlated with bulb yield per plant 
and its negative direct effect on bulb yield per plant 
was counterbalanced by its positive indirect effects 
via other traits. Similarly, leaf length, bulb perimeter, 
harvest index and dry weight above ground showed 
negative direct effect at genotypic level, but this effect 
was compensated by positive indirect effects resulted 
into positive correlation with bulb yield per plant.

In addition to direct effect on bulb yield per plant, 
these various traits individually exhibited positive 
indirect effects through other traits except few which 
showed negative indirect effect. The positive indirect 
effects nullified the negative indirect effects on bulb 
yield per plant and instigated positive correlation at 
both phenotypic and genotypic level. The economic 
yield is derived from the large part of the biological yield 
partitioned to the sink part. By improving biological 
yield per plant and harvest index there would be a 
possibility to improve bulb yield per plant. Biological 
yield can be increased by increasing the photosynthetic 
efficiency of the plant by improving light interception 
and reducing respiration. Besides plant height and 
number of leaves per plant positive direct effect on 
bulb yield per plant, its favourable indirect effect was 
via biological yield per plant, leaf diameter, neck girth, 
bulb polar diameter, cloves per bulb and weight of 
clove. Negative indirect effect of these on bulb yield 
per plant was through leaf length, dry weight above 
ground, bulb dry weight and days to maturity. These 
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results confirmed previous findings of Singh (19) in 
garlic and Abayneh (1) in onion. 

Neck girth and bulb perimeter favorably and 
indirectly affected bulb yield per plant through various 
traits. Indirect negative effect on bulb yield per plant 
was via leaf length, harvest index, dry weight above 
ground, bulb dry weight and days to maturity. In spite of 
its negative correlation with bulb yield per plant, days to 
maturity exerted positive direct effect. Furthermore, the 
indirect favourable effect of days to maturity on bulb yield 
per plant was through bulb dry weight at phenotypic 
level. The negative correlation of days to maturity with 
bulb yield per plant was mainly due to the sum total 
of its unfavourable indirect effect. The direct effect of 
days to maturity was counterbalanced by its negative 
indirect effects and results in negative correlation. 
Despite the positive and significant correlation with 
bulb yield per plant, cloves per bulb and weight of clove 
exerted positive direct effect on bulb yield per plant at 
genotypic level. Negative indirect effect on bulb yield 
per plant by theses characters were counterbalanced 
by the favourable indirect effect via plant height, 
number of leaves per plant, leaf diameter, neck girth, 
bulb polar diameter, biological yield per plant and 
bulb dry weight. Neck girth, bulb polar diameter and 
bulb dry weight displayed unfavourable indirect effect 
on bulb yield per plant at genotypic level through leaf 
length, bulb perimeter, dry weight above ground, and 
days to maturity. This unfavourable indirect effect was 
counterbalanced by the favourable indirect effect of 
these characters on bulb yield per plant via biological 
yield per plant, plant height, weight of clove, number 
of leaves per plant, cloves per bulb and leaf diameter. 
This study was in agreement with the works of Singh 
(19) in garlic, Abayneh (1) in onion and Fasika (10) 
in shallot. The low residual value at phenotypic level 
0.0064 and genotypic level 0.0037 indicated that the 
traits studied were enough to contribute to bulb yield 
per plant in garlic.

The present study on local accessions 
demonstrated the existence of high genetic variability 
for different yield traits in Ethiopian garlic. The high 
heritability associated with high genetic advance as 
per cent of mean was observed in bulb dry weight, dry 
weight above ground, yield per plant, biological yield 
per plant, weight of clove and cloves per bulb indicating 
the scope for improving these traits through selection. 
due consideration has to be given for characters like 
biological yield per plant, cloves per bulb, weight of 
clove, plant height, number of leaves per plant, neck 
girth, harvest index, bulb polar diameter, bulb perimeter 
and leaf diameter while selecting garlic genotypes 
since these characters were positively correlated with 
bulb yield per plant and exerted positive direct effect 
on bulb yield per plant. However, further confirmation 

is needed across the locations with more cultivars 
including exotic accessions.
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