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Abstract

Field experiments were con-
ducted at the Experimental Farm
of Faculty of Agriculture, Assiut
University, Egypt in three con-
secutive winter seasons of 2004-
2005, 2005-2006 and 2006-2007.
The aim of the present experi-
ments were to determine the ef-
fects of three planting dates, fif-
teen garlic ecotypes (11 Balady
and 4 Chinese ecotypes) and two
plant density (30 and 60 cloves in
each row sides) on garlic quality
under Assiut province conditions.
The obtained results indicated
that percentage of total soluble
solids, percentage of vitamin C
and percentage of sulphur were
increased by early planting.
However late planting increased
the percentage of volatile oil.

Ecotypes from Balady sur-
passed Chinese in content of vit-
amin C and percentage of sul-
phur. On the other hand, Chinese
ecotypes surpassed Balady eco-
types in percentage of total solu-
ble solids, and percentage of vol-
atile oil.

Plant density did not show

any significant effect in any
of the four studied treats.
Introduction

Garlic (Allium sativum L.) is
the second most widely used of
the cultivated bulb crops after
onion,and one of the main vege-
table crops which have been cul-
tivated since 3000 B.C. in Egypt.
Garlic can be consumed in many
forms; fresh as an intact clove or
in tomato salads, cooked as spice
and flavoring agent, pickled or in
pharmaceutical preparations
(powders, granules, tablets and
oil). In addition, it also has a
medical value, as it possesses
antiseptic and bacterial proper-
ties. It enhances immunity sys-
tem; also, it is useful in cases of
blood vessels diseases and blood
pressure.

The chemical composition of
garlic compounds is divided into
two main groups: sulfur contain-
ing compounds and non-sulfur
containing compounds. Most of
the medicinal effect of garlic are
referable to sulfur compound
known as allicin (Schulz,1998).
The intact clove does not contain
allicin but rather its precursor,
the non amino acid alliin . Alliin
is converted to allicin, purvate
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and amonia by the enzyme alli-
nase when the bulb is cut or
crushed (Rabinkov et al., 1994).

The steam volatile compo-
nents of garlic are diallyl, dime-
thyl, disulfide, trisulfide and
some other minor components,
all formed from decomposition
of allicin.

Garlic is an ancient and
widely grown crop in Egypt for
export and local consumption, it
is demanded for local markets all
over the year, besides it is also
required for foreign markets due
to its early maturity.Garlic in
Egypt is planted between mid-
Aug. and December. Bulbing on
garlic is controlled by the
daylength and temperature to
which dormant cloves and grow-
ing plants are exposed before
bulbing begins. Bulbing requires
long photoperiods and warm
temperatures (Takagi, 1990).

The cultivated garlic area in
A.R.E. decreased from 33534
fed. in 2000 to 32944 in year
2007 and the total production
increased from 301270 tons to
308812 tons respectively, for
single and intercropping garlic
production, according to Agricul-
tural Economic and Statistics
Bulleten, 2007. A.R.E. Depart-
ment of Agriculture. The aver-
age garlic production in Egypt
was 9.5 Ton/Fed.

The objective of this work
was to compare some chemical
composition as will as number of
leaves on some different eco-
types collected from different
governorates of Egypt under As-
siut conditions.

Materials And Methods

Field experiments were con-
ducted at the Experimental Farm
of Faculty of Agriculture, Assiut
University, Egypt in three con-
secutive winter seasons of 2004-
2005, 2005-2006 and 2006-2007.
The aim of the present experi-
ments were to determine the ef-
fects of three planting dates, fif-
teen garlic ecotypes (11 Balady
and 4 Chinese ecotypes) and two
plant density (30 and 60 cloves in
each row side) on some chemical
composition as will as number of
leaves under Assiut province
conditions.

Experimental factors:-
1- Planting dates:

The experiment was consist-
ed of three planting dates i.e.
September 1%, October 1% and
November 1% evaluated in three
successive winter seasons of
2004-2005, 2005-2006 and 2006-
2007.

2- Ecotypes:

Garlic ecotypes (11 Balady
and 4 Chinese) were collected
from different authentic framers
and Agricultural Research Cen-
ters in different Egyptian prov-
ince. The garlic ecotypes used in
the present study are shown in
Table (1).

3- Plant density:

Two plant densities were
used in these experiments. Garlic
plant spaced five and ten cm
apart between plants within ridge
on both sides of the rows (north-
ern and southern ridge side). The
cloves number, per ridge, was 30
in low plant density to 60 cloves
in the higher plant density. The
depth of planting was about
three-to-five cm and cloves
should be set with tip up. Garlic
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was planted by planting individ-
ual cloves per hill. Bulbs for
planting were first “cracked”
(separated into individual cloves)
and graded. Small, damaged, and
infected cloves were discarded.
All the cloves were planted ex-
cept the long, slender ones in the
center of the bulb and those that

are less than one gram in weight.
Bulbs that have side growths
were discarded. The cloves were
not being so deep that the soil
will interfere with the swelling of
the bulbs, nor so shallow that
irrigation water will wash them
out.

Table (1): Garlic ecotypes used in the present study.

Number | Ecotypes | Landraces Source

1 Balady Assuit-1(Arab ElI-Awamer) | Assiut

2 Balady Beni-Suef Beni-Suef
3 Balady Assiut-2 (Moasha) Assiut

4 Balady El-Gharbia El-Gharbia
5 Balady El-Menia-1(Smalot) El-Menia
6 Balady Suhag Suhag

7 Balady El-Menia-2(Malawey) El-Menia
8 Balady Assiut-3(Dronka) Assiut

9 Balady Qena Qena

10 Balady Aswan Aswan

11 Balady El-Behairah El-Behairah
12 China Assiut(Arab EI-Awamer) Assiut

13 China Sids 40 Beni-Suef
14 China Aswan Aswan

15 China El-Menia (Smalot) El-Menia

The soil texture of the experi-
mental site was clay with a pH
average of 7.6 Average

available nitrogen was about 1.76
% and average available phos-
phorus was 14.3 ppm. Data of

Table (2):

some physical and chemical
properties of the experimental
site for the three winter seasons
of 2004-2005, 2005-2006 and
2006-2007 are shown in Table

().

The physical and chemical properties of the soil used for

growing garlic before applying of any fertilizers.

o o E 1 . .
Lle | 8 % : =83 z Available nutrients ppm
Average | 2 | = | | & |Z| D g EX
years | § | P | O |~ |82 QLRYE | p|K|FelMn|zn
2005,
2006 and |20.1]30.1|48.3|Clay|7.6|1.26|3.3| 1.76 |14.3|33.9|9.1|11.1{1.35
2007
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Data of maximum and minimum temperatures (°C) for the three sea-
sons (2004-2005, 2005-2006 and 2006-2007) that prevailed during the
experimental period are shown in Figs. 1
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Experimental plots were con-
sisted of four rows each of 3.5
meters in length and 0.7 meter in
width forming a plot area of

about 10.0 m2 equal to (L/F).
400

The experimental site was pre-
pared using a conventional meth-
od. Normal cultural practices,
irrigation, weeds and pest control
were followed as in commercial
fields of garlic production.

In each season the experi-
ment consisted of 90 treatments,
which were the combination of
(15 ecotypes x 3 planting dates x
2 planting densities). The exper-
iments were laid out in a split-
split-plot in randomized complete
block design with four replicates
according to Snedecor and
Cochran (1986). Planting dates
occupied the main plots, while
the garlic landraces (ecotypes)
were randomly distributed in the
sub-plots. Plant densities were
subjected to sub-sub plots.

The following data were rec-
orded only in last two seasons.

Random samples of garlic
bulbs at harvesting were used for
the following chemical analysis
in last two seasons of 2005-2006
and 2006-2007:

1- Number of leaves per plant.
2-Total soluble solids (T.S.S.).

3- Sulphur concentration in
bulbs, assayed on fresh weight
basis, A.O.A.C. (1975).

4- Ascorbic acid (v.c.%) in bulbs.

Ascorbic acid was deter-
mined according to Bajiaj and
Kour (1981).

5- Volatile oil
bulbs.

Volatile oil percentage
was determined only in last sea-
son 2006/2007 using the return
flow microdistillation apparatus,
according to the procedure
adopted from Guenther (1952).
Statistical analysis:

Data of vegetative and yield
characters were subjected to sta-
tistical analysis using normal F-
test and means of treatments
were compared using the L.S.D
method as reported by Steel and
Torrie (1982).

Results and Discussion
1- Number of leaves per plant

The data of the number of
leaves per plant are shown in
Figs. (2), (3), and (4).

There were significant dif-
ferences between the three plant-
ing dates concerning this charac-
ter. The number of leaves per
plant significantly increased in
the first date as compared with
the second and third date. This
may be due to the suitability of
temperature during early plant-
ing, which may allow more vig-
orous growth and consequently
increasing the number of leaves
per plant. These results were
found to be in agreement with the
findings of Fouda et al. (1977),
Maksoud et al. (1983 and 1984)
and Abd El-Fatah (1989) Shahien
(1992), Jamroz et al. (2001) and
Rahman et al. (2004) who found
that early planting increased the
number of leaves per plant as
compared with late planting.

percentage in

105



Abdalla et. al. 2010

The number of leaves per
plant was also significantly af-
fected by ecotypes in all seasons.
Differences in the behavior of
ecotypes during the seasons may
be due to genetics, different envi-
ronmental conditions and the mi-
cro-climates that they were
adapted to. Generally, the Chi-
nese

ecotypes gave the highest
number of leaves per plant as
compared with ecotypes from
Balady. These results were in the
same trend with the findings of
Maksoud et al. (1983 and 1984),
Zaki (1984), El-Beheidi et al.
(1985), Shahien (1987), ElI
Sawah (1990), Shahien (1992),
Gvozdanovic-Varga et al. (2002)
and El-Sayed (2004) who found
that number of leaves in the Chi-
nese garlic were higher than the
Egyptian garlic. The highest
number of leaves per plant were
detected from Chinese ecotypes
(Assiut  (Arab  El-Awamer),
Sids40), while the Balady eco-
types were detected from (EI-
Behairah, Qena).

Further, the number of leaves
per plant was not significantly

affected by densities and the in-
teraction between varieties and
densities in all varieties in all
dates. These results confirmed
those reported on garlic by Foda
et al. (1977), Maksoud and El-
Oksh  (1983), Abou-Hamela
(1987), Jamroz et al. (2001) and
Dawar et al. (2005). In general,
slight decreases were obtained
with increasing plant density.
There were significant dif-
ferences among sampling dates.
Maximum number of leaves was
obtained at the third sample date
in the first and second date in all
seasons. However, the second
sample gave the maximum num-
ber of leaves in the third date in
the second and third seasons.
These results are validated the
findings of EI-Gindy (1965),
Maksoud et al. (1983) and Sha-
hien (1992) who recorded an in-
crease in number of leaves per
plant with each increase in plant
age. Generally, the interaction
between planting dates and sam-
pling dates showed that early
planting date increased number
of leaves at all sampling dates as
compared with late planting.
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Fig. (2):Effect of planting dates, ecotypes and two plant density on
number of leaves per plant during the first season (2004/2005).
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Fig.(3):Effect of planting dates, ecotypes and two plant density on
number of leaves per plant during the second season (2005/2006).
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Fig. (4"):Effect of planting dates, ecotypes and two plant density on
number of leaves per plant during the third season (2006/2007).
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2- Percentage of total soluble

solids (T.S.S.):
Data concerning total soluble
solids are shown in table

(3).Results indicated significant
differences between planting
dates in the second and third sea-
son. Planting at the first and se-
cond date produced higher total
soluble solids in bulbs as com-
pared with the third date. These
results agreed with Shahien
(1992) on garlic who reported
that early planting gave higher
values of T.S.S. as compared
with late planting.

Percentage of total soluble
solids was affected by ecotypes
and the interaction between
planting dates and ecotypes. Re-
sults indicated significant differ-
ences among ecotypes in the se-
cond season only. Generally,
most Chinese ecotypes gave
higher values as compared with
ecotypes of Balady. These re-
sults are in agreement with the
findings of Maksoud and El-
Oksh (1983) and Shahien (1992).
The highest percentage of total
soluble solids were detected from

Chinese ecotype (Sids 40), while
the Balady ecotypes (Qena, El-
Menia (Malawey)) produced the
highest values.

Who found that the highest
total soluble solids were pro-
duced in the Chinese cultivars as
compared with Egyptian cv.

Plant density did not show
any significant effect on total
soluble solids. In general, the
closest spacing gave the highest
values of T.S.S.

The interaction between va-
rieties and density did not reveal
any significant effect on total
soluble solids.
3-Determination of sulphur.

Data on percentage of sul-
phur (g/100g) in bulbs are pre-
sented in Table (4), determina-
tion was carried out at 4 weeks
after harvest. It is clear from the
table, planting at the first and
second date enhanced the content
of sulphur in most ecotypes as
compared with the third date in
the second and third season.
Generally, early planting showed
the highest content of sulphur in
most ecotypes.
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Table (4): Effect of planting dates and ecotypes on content of
Sulphur in  (g/100g) in bulbs during the two winter sea-
sons of (2005/2006 and 2006/2007).

2005-2006 | 2006-2007
f Planting date
Q.
S e R T e e e
o = — > b= I > >
S - - g18] 2| <
1 125 | 143 | 1.06 | 1.25 | 1.37 | 154 | 1.12 | 1.34
2 140 | 151 | 1.33 | 141 | 144 | 1.74 | 1.34 | 151
3 137 | 158 | 1.30 | 142 | 1.06 | 1.36 | 1.24 | 1.22
4 137 | 1.30 | 1.21 | 1.29 | 144 | 1.44 | 1.13 | 1.34
5 153 | 127 | 1.18 | 1.33 | 1.63 | 1.10 | 1.45 | 1.39
6 123 | 136 | 1.06 | 1.22 | 1.27 | 1.30 | 1.11 | 1.23
7 135 | 125|097 | 1.19 | 1.61 | 1.00 | 1.16 | 1.26
8 156 | 1.22 | 143 | 140 | 156 | 1.24 | 1.38 | 1.39
9 132 | 1.39 | 1.33 | 1.35 | 1.25 | 1.28 | 1.12 | 1.22
10 115 | 1.06 | 1.01 | 1.07 | 1.04 | 0.83 | 0.75 | 0.87
11 119 | 112 | 098 | 1.09 | 1.27 | 1.17 | 1.00 | 1.15
12 129 | 1.00 | 1.20 | 1.7 | 1.22 | 1.05 | 1.37 | 1.21
13 094 | 084 | 0.75 | 084 | 0.86 | 0.82 | 0.89 | 0.86
14 0.86 | 1.10 | 0.70 | 0.89 | 1.11 | 1.03 | 1.00 | 1.05
15 108 | 1.02 | 1.17 | 1.09 | 1.07 | 098 | 1.18 | 1.08
Avg. 117 | 123 | 1.11 128 | 1.19 | 115

The concentration of sulphur
showed that the Balady ecotypes
contained a higher content of
sulphur than Chinese ecotypes.
The highest percentage of sul-
phur were detected from Balady
ecotypes (Assiut (Moasha), Beni-
Suef), while the Chinese ecotype
(Assiut (Arab EI-Awamer)) pro-
duced the highest values.

4- Ascorbic acid.

Vitamin C was determined
according to Bajiaj and Kour,
1981.Data on percentage of vit-
amin C (mg/100g) in bulbs are
presented in Table (5), determi-
nation was carried out at 4 weeks
after harvest. It is clear from the

table that planting at the first and
second date enhanced the per-
centage of ascorbic acid as com-
pared with the third date in the
second and third season. General-
ly, early planting showed the
highest percentage in vitamin C
in most ecotypes. The values of
vitamin C showed that the Bala-
dy ecotypes contained a higher
percentage of vitamin C than the
Chinese ecotypes. The highest
percentage of vitamin C were
detected from Balady ecotypes
(El-Behairah, El-Gharbia), while
the Chinese ecotype (Assiut (Ar-
ab EI-Awamer)) produced the
highest values.
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Table (5):Effect of planting dates and ecotypes on percentage of
Vitamin C (mg/100g) in bulbs during the two winter sea-
sons of (2005/2006 and 2006/2007).

2005-2006 | 2006-2007
Eco- Planting date
types Sept. | Oct. | Nov | Avg | Sept. | Oct. | Nov. | Avg
1 , 1 1 . , 1 , 1 , 1 :
1 254 | 27.0 | 23.3 | 25.2 | 26.0 | 30.0 | 24.1 | 26.7
2 23.4 | 29.1 |1 26.0 | 26.2 | 25.0 | 315 | 24.0 | 26.8
3 27.7 | 30.6 | 27.1 | 285 | 28.0 | 28.9 | 26.0 | 27.6
4 32.3 | 340 [ 29.0 | 31.8 | 34.0 | 33.7 | 31.8 | 33.2
5 31.2 | 286 | 27.0 | 28.9 | 25.2 | 30.0 | 285 | 27.9
6 236 | 29.0 | 25.3 | 26.0 | 23.0 | 27.3 | 27.0 | 25.8
7 30.3 | 33.0 [ 31.0 | 314 | 318 | 340 | 29.6 | 31.8
8 313 | 3565 | 27.1 | 31.3| 321 | 33.0 | 295 | 315
9 30.3 | 29.6 | 25.6 | 285 | 31.6 | 31.0 | 27.0 | 29.9
10 31.3 | 28.7 | 26.0 | 28.7 | 26.0 | 30.2 | 24.4 | 26.9
11 29.6 | 348 | 324|323 | 29.8 | 36.0 | 31.0 | 32.3
12 244 | 30.0 | 29.5 | 28.0 | 28.0 | 31.0 | 23.2 | 274
13 230 | 273 | 23.7| 247 | 23.0 | 23.0 | 24.0 | 23.3
14 26.2 | 27.7 | 246 | 26.2 | 27.0 | 31.0 | 23.0 | 27.0
15 28.3 | 287 | 256 | 275 | 28.0 | 29.0 | 25.1 | 274
Avg. 279 | 30.2 | 26.9 279 | 30.6 | 26.5
5-Volatile oil percentage in It is clear from the table
bulbs: (5) that the Chinese ecotypes

Table (6) presents the val-
ues of the amount of volatile oil
in bulbs, determination was car-
ried out at 4 weeks after harvest.
Planting at the second and third
date enhanced the percentage of
volatile oil as compared with the
first date in third season. Gener-
ally, late planting showed the
highest percentage in oil contents
for all ecotypes. This may be at-
tributed to the environmental
conditions prevailing at maturity.
These results agree with Nassar
et al. (1972).

contained a higher oil percentage
than the Balady ecotypes. This
results agrees with the findings of
Nassar et al. (1972), Omar and
Abou-Hadid (1992), Shahien
(1992) and Hussein et al. (1995),
who found that garlic bulbs of
Chinese cultivar had a slightly
higher volatile oil percentage as
compared with Balady. The
highest volatile oil percentage in
bulbs were detected from Chi-
nese ecotypes (Assiut{Arab El-
Awamer}), while the Balady eco-
type (Qena) produced the highest
values.
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Table (6):Effect of planting dates on content of volatile oil in bulbs
during the season (2006/2007).

Ecotypes Planting date (2006-2007 )

Sept.,,1 | Oct.,,1 | Nov.1 Avg.
1 0.04 0.08 0.10 0.07
2 0.07 0.08 0.07 0.07
3 0.04 0.06 0.10 0.07
4 0.06 0.08 0.14 0.09
5 0.03 0.07 0.06 0.05
6 0.02 0.05 0.08 0.05
7 0.07 0.08 0.07 0.07
8 0.08 0.11 0.08 0.09
9 0.09 0.17 0.11 0.12
10 0.03 0.05 0.05 0.04
11 0.09 0.09 0.13 0.10
12 0.09 0.14 0.18 0.14
13 0.08 0.17 0.11 0.12
14 0.06 0.11 0.08 0.08
15 0.03 0.07 0.08 0.06

Avg 0.059 0.094 0.096
Gas liquid chromatographic pound for Chinese cv. (14)
analysis: showed diallyl disulfide as the 1°"

The main compounds of the
volatile oils of two Balady culti-
vars and two Chinese cultivars
that separated by GLC as well as
their relative percentages are
shown in Table (7).

Eighteen compounds have
been identified in garlic volatile
oil. The identified compounds
represented 84.57 to 95.83% of
total compound.

The main compounds was
found to be diallyl trisulfide in
both Balady and Chinese cultivar
which ranged from 18.38 to
38.82% except for Chinese cv.
(14) which showed diallyl trisul-
fide (19.28%) as the 2™ main
compound, while the main com-

main compound. Balady cv. and
Chinese cv. (13) showed allyl
propyl disulfide (15.56-18.33%)
as the 2" main compound. These
results are in agreement with
those obtained by Brodnitz et al.
(1971) stated that allyl and
methylmano-, di-, and tri-sulfides
are main compounds of garlic
oils. El-Hadidy et al. (1981) re-
vealed that diallyl sulfide, diallyl
disulfide and propyl mercaptan
are the sulfer containing com-
pounds in the commercial garlic
oil. Tokarska and Kazwowska
(1983) reported that mano-, di-
and tri-sulfides were found to be
the predominant sulfer containing
compounds in garlic oil.
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Table (7): The main volatile compounds identified in garlic volatile

oil.
RT Relative area pe_rcentages _
(Mins) Compounds Balady | Balady | Chinese | Chinese

9) (©) (13) (14)
9.77 | a-phellandrene - - 0.80 0.53

7.28 | B-phellandrene 1.64 1.04 0.27 -
9.02 | Diallyl thio sulfinate - - 12.56 1.32
9.18 | Allyl propyl disulfide | 16.37 | 18.33 | 15.56 4.01
11.58 | Linalool 0.55 - 5.70 0.66
12.95 | Geraniol - - 1.64 0.14
14.10 | Citral 6.48 2.21 4.23 1.05
14.28 | 2-propen-1-ol 0.55 - 1.56 13.58
15.79 | Diallyl sulfide - 0.91 - 1.25
16.04 | Methyl allyl sulfide 2.44 2.17 8.63 3.44
19.27 | Dimethyl sulfide 2.84 1.92 5.61 1.04
21.39 | Diallyl disulfide 10.45 | 15.03 | 15.48 29.38

24.09 | Dimethyl disulfide 2.23 0.80 0.09 -
24.84 | Diallyl trisulfide 38.82 | 29.05 | 18.38 19.28
25.76 | Dimethyl trisulfide 2.75 5.83 1.65 4.86
29.53 | Methyl allyl disulfide | 1.19 3.56 0.56 6.03
34.36 | Methyl allyl trisulfide | 6.25 3.72 0.80 8.09
39.32 | 3-vinyl-4H-1,2- - - - 1.17

dithiin
9256 | 8457 | 93.52 95.83
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