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ABSTRACT

This study was conducted at the Experimental Farm of
Mallawy Agriculture Research Station, (Hort. Res. Institute, Giza,
Egypt) on hard-neck garlic cv.""EgaseedY" during the growing
seasons of Y+ +A/Y 8 Yeed/YeV v and Y+ Y +/Y+ )Y, The aim was to
investigate the effect of scape (flower stalk) excision and selection
based on clove weight on garlic yield and storage ability. Selected
population (SP) for high bulb weight and bulk population (BP)
(origin population) were obtained during Y« +«A/Y++4 season. The
treatments were removed scape at ¥ month before harvest (SRM),
removed scape (cut) on harvest time (SRH), scape remained (SR),
selected population (SP) and bulk population (BP). The obtained
results revealed that the highest significant promotion for fresh
and cured yield, bulb diameter (cm) and clove weight (g) in both
seasons were obtained by planting large clove size (selected
population) and their scapes were removed at one month before
harvest. Significant decrease in weight loss during curing process
were obtained by SRM treatment compared to SR and SRH
treatment. Bulb mean weight data, revealed a pronounced increase
in bulb mean weight by removed scape at one month before
harvest (SRM) compared to scape remained (SR) (Y*.*A % and
\Y.Y %) and by selected population (SP) compared to bulk
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population (BP) (.V.®Y % and ‘:.YV %) in the first and the
second season, respectively

Regarding weight loss during storage, the tested treatments
differed significantly in weight loss during storage after Y,¢ and ?
months. Unscaped plants remained (SR) had the highest value
while the lowest weight loss was recorded with SRM in the first
season and BP in the second season.

Concerning dry weight and TSS, significant differences in
the mean values of dry matter and TSS were found during storage.
Dry matter and T.S.S increased after ¥ and ¢ months and
decreased after ¥ months from storage. The highest dry weight in
the bulb was found with SRM and SP treatments. In both seasons,
SR, SRM and SP recorded the highest values for T.S.S with
insignificant differences among them. While, the lowest values
were recorded for SRH and BP.

INTRODUCTION

Garlic is the second most important bulb crop after onion (Bose
and Som, Y44+), It is an aromatic bulb and herbaceous annual spice
crop (Kurian, Y449), It has been cultivated for thousands of years and
is widely used for culinary and medicinal purposes (Hahn, Y447). It
may be divided into two sub species; Allium sativum
var..ophioscorodon™ which includes bolting or hard-neck cultivars and
Allium var. sativum or non-bolting soft-neck cultivars (Bachmann,
YouA),

In Egypt, the Egyptian garlic (soft-neck types) is one of the
oldest cultivated crops although its productivity and cultivation area
declined in the last years. Recently, the demand for high-quality garlic
encouraged grower in producing this crop for direct markets (Walters,
Y+ +A). Hard-neck types have generally tended to have greater winter
survival and higher yields compared with soft neck types (Rosen, et
al., Y+ +1). Most research on garlic production has been conducted on
improving production of soft-neck cultivars (Brewster and
Rabinowitch, Y44 +), with only minimal efforts on hard-neck cultivars.
Large bulbs with good storage potential are desired by growers.
Several reports suggested that removal of scapes (false seed-stalks)
during the growing season will enhance bulb size and total yield
compared with leaving scapes on until harvest (Orlowski et al. Y34¢;
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Pelter et al., Y++¢, Nam et al., Y-+A and Choi et al.,, Y+)).
Erlebacher, (Y44A) showed that larger bulbs from hard-neck garlic
could be obtained by cutting off the seed stalks as soon as they
developed. How ever, bulbs store better if the scape is left on until
harvest or removed only few days before harvest (Engeland, Y34Y).

Rosen and Tong (Y++)) showed that scape removal increased
dry matter partitioning to the bulbs, but had no effect on total. Plant
weight and the increase in bulb dry mass when scapes were removed
was offset by an increase in scape dry mass when scapes were left on.
Zandstra and Squire,(Y++¢) reported that if scapes are left on the
garlic plant, yields (bulb sizes) are reduced and suggested that scape
must be removed before it negatively affects yield. In these studies,
scape removal was based on the length of scape. Several reports
suggest that removal of scapes should be done prior to maturity

Guenther and Stonaker, (Y:+7) demonstrated that removing
scapes resulted in slightly higher bulb weights, removing scapes takes
extra labor and may not be worth the time for only slightly higher
bulb weights: however, selling the edible scapes may offset the cost
and generate extra income. Agrawal et al., (Y +¥) showed that despite
the importance of crop, the first step of breeding program is collection
and evaluation of germplasm. Using large clove weight gave
significantly the highest garlic yield and average bulb weight
compared with small clove weight. Mahadeen (Y+))) and Agustin
(134Y) suggested that the selection of garlic seeds should be based on
only weight of cloves. Also, Yanmaz et al., (Y19%) showed that using
large size cloves (Y.e-Y.eg) as planting materials significantly
increased bulb size and total yield in all tested cultivars.

Zepeda, et al., (Y92V) showed that after six selection cycles and
two years of yield trials, most promising selections show average of
Y+ to V¢ CPB (cloves per bulb) with yields as high as ¢).¢ ton/ha.
Response to bulb size was dramatic. In big bulbs (Colossal >YY mm.)
and (Jumbo °Y-Y: mm), selections were A°/Z and £A7Z superior to
original population. In medium size bulbs (Gigante £¢¥—21 mm) no
differences were observed, but in small bulbs (Flor YV—£Y mm)
always have more (°+%) than the selections. There are significant
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differences in emergence, height of plant, and bulb shelf life in eight
of the selections as to justify them as new varieties. Selection pressure
for high yields should be included to obtain better results (Zepeda,
Y44V and Jenderek and Zewdie, Y+ +©).

Bulb weight, number of cloves, and clove weight are the main
factors contributing to garlic yield. Individual bulb and clove weight
are of economic importance; medium or large bulbs with large cloves
receive a higher price than a large bulb with small cloves (Zepeda and
Laborde, Y34V).

The value of scape removal has not been clearly studied in other
garlic-growing areas. At present, as far as we now there is no data on
the effect of scape removal on garlic performance and storage in
Egypt.

Therefore, the objective of the present study was to compare the
effect of selecting plants having high bulb weight with larger clove
size and scape (flower stalks) excision on improving yield and storage
ability of hard-neck cultivar cv. "Egaseed Y"

MATERIALS AND METHODS

The experiment was carried out at the Experimental Farm of
Mallawy (Agriculture Research Station, Hort. Res. Institute, Giza,
Egypt) during garlic growing seasons of Y« «A/Y«+4 Y..4/Y+)+ and
Y)Y +/Y )Y, Soil sample were collected from the fields at depth of --
Yo cm. for determining the initial nutrient status of the soil. Average
soil test values over the Y years prior to planting were as follows:
texture grade, clay loam; pH, A.)Y; organic matter, Y.\ Y %; E.C, .YV,
CaCOy, Y)Y %; total N %, -«.*A; total P %, + .V; Exch. K mg/) g,
YY)

In Y+ +A/Y+ .4 season:

Plant material. Garlic bulbs cv. "EgaseedY " were Kkindly
obtained from Prof Dr. Seif EI-Nasr Husein Gad El-Hak, (Department
of Horticulture Vegetable branch, Minia University). The bulb color
of this genotype is purple. It is one of the hard-neck varieties which
produce a central stalk that goes straight up; it is called a scape
(flower stalks).
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Good garlic cloves were chosen visuallx from the medium,-largest
healthy bulbs, then planted on October ¢, Y+ +A, Each experimental
plot consisted of © rows, 1+ cm wide and ¥ m long. The cloves were
spaced on one side of each row at )+ cm apart. The total area of each
plot was Y+.c m' (V/¢++ fed.). All experimental plots received the
same field treatments commonly known for garlic production.

Thirty plants from each plot (Y- plants) which showed good
growth characters were selected and labeled. At the harvest time, Y-
plants from the Y. screened plants were selected based upon their
highly bulb weight, bulb size and clove size and considered as
selected population (SP). The other plants from each plot were mixed
and considered as bulk population (BP).

In Y.« +4/Y+Y+ season:

Clove/Seed Preparation. The selected populations (SP) (Y-
plants) from each plot and bulk population (BP) (mixed plants) were
prepared first by cracking the clove from bulbs. The cloves from the
outer parts of the SP bulb of the Y. selected plants were selected as
planting materials. The cloves from bulk population (BP) (mixed
plants) were prepared by separating the cloves from the bulbs and
discarding the defected or mechanical damaged ones.

Scape removal treatment.

The cloves from origin population (OP) were prepared by
choosing the good looking cloves from the bulbs and discarded the
defected or mechanical damaged ones. Garlic cloves were planted on
October ¥, ™ Y++4 and October v, ™ Y+Y., Each field experimental
plot consisted of ¥ rows, 1+ cm wide, ¥ m long where, the cloves
were spaced on one side (north) of each row at Y+« cm apart. All
experimental plots received the same field treatments commonly
known for garlic production.

Scapes were removed by a sharp knife or scissors one month
before harvest (when scape first appeared) as shown in Fig. Y. All
experimental plots received the same field treatments commonly
known for garlic production. The tested treatment are shown in the
following Table:
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Treatments

Scape (flower stalks) excision Garlic clove selection

Y- Scape removal Y month before | ¢- Selected population (SP)
harvest (SRM)

Y- Scape removal at the harvest time | °- Bulk population  (BP)
(SRH)

Y- Scape remained, it was left on
plants (SR)

In Y+ Y+/Y+ ) season:

The healthy cloves from each selected bulbs (SB) were planted
individually in plots on vV October, Y+ .. The selected bulbs were
repeated again as mentioned before in the previous season. Also, the
cloves of bulk population (BP) were randomly taken from origin
population (OP). and also planted and treated as mentioned before in
the previous season.

Harvest measurements:

At harvest time, on Yo" of April Y+)+ and on ¥-" of April Y+,
all plants from each treatment were harvested and the fresh weight
g/plant were recorded. Then, the harvested plants were cured in the
field for YV days and then weighted. The following characteristics
were measured after curing process:

V- Cured weight (g/plant)

Y- Weight loss (%)

Y- Bulb head weight (g/plant)
¢- Bulb diameter (cm.)

©- No. cloves/bulb

1- Clove weight (g/bulb)

Random samples (about © kg) of cured bulbs were taken from
each plot, placed in a mesh plastic bags and stored under room
condition for 1 months. The stored bulbs were evaluated for the
following characteristics:
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Storage treatments

Y- Weight loss percent after ¥, ¢ and 1 months. Percentage of weight
loss was calculated as the difference between the initial weight and
the weight recorded at each sampling data, divided by the initial
weight, and multiplied by Y+ + (Vazquez-Barrios et al., Y+ + 1)

Y- Total Soluble solids (T.S.S) and dry matter content after ¥, ¢ and 1
months.

For each storage batch, Y cloves (without sprouts) were cut and
mixed together. Total soluble solids content (°Bx) was determined
using an Abb refractometer previously calibrated to Y:°C. ¥- Dry
matter, %: The samples were then dried at A+ °C for Y¢ h and the
percentage of dry matter content was determined in accordance to
Vazquez-Barrios et al., Y+ +1

Statistical analysis

Data were compared using analysis of variance (ANOVA)
procedures according to Gomez and Gomez ()Y4Af) and mean
differences were performed using Duncan multiple range test () ¢9).
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Selected cloves
Fig Y: Treatments of garlic hard-neck cv.""Egaseed Y** from top to
bottom: (scape removal Y month before harvest, scape
remained till harvest time, selected population (bulbs and
cloves)

A
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RESULTS AND DISCUSSION
Fresh, cured weight (g/plant) and weight loss after curing:

The data shown in Table Y illustrate the effect of scape removal
and selection on fresh, cured weight g/plant and weight loss% after
curing. The highest significant promotion for the fresh and cured
yield in the two seasons was shown by the selected population (SP).
Similar results were also reported by Agrawal et al., (Y:+Y).and
Mahadeen, (YY) where they reported that the production of garlic
increased by using large clove. Scape removal at ' month before
harvest (SRM) and (SP) tended to decrease the weight loss (%) after
curing in the two seasons with insignificant differences between them
only in the first season. These results are in agreement with those
reported by Pelter et al.,, (Y++°) who showed that scape removal
enhanced garlic storage life. Scape removal at the harvest time (SRH)
caused highly significant increase in weight loss (¥).VZ and Y.+ %)
and least cured yield (A1.VA g/plant and V4.AY g/plant) in the first and
the second seasons, respectively. Loss in mass is primarily due to
water loss from the bulb through the neck (Komochi, Y44 +)

Table Y : Fresh and cured weight (g)/plant and weight loss (%) of
garlic cv. ""Egaseed Y: as affected by scape removal and
selection in the two seasons of Y+ «4/Y«VY+vand Y+ )+ /Y )Y,

First season Second season
Fresh Cured . Fresh Cured .
Treatments weight weight Weight weight weight Weight
loss % loss %
g/plant g/plant g/plant g/plant
Scape removal at )
month before YYeoed [Ver¥eb [YYOlg  [VWYAY«p [AYAVp Y. efD
harvest (SRM)
Scape removal at
the harvest time YYV.Yd |ALYAd  [YVVea VA XY |VAAYd YYD . a
(SRH)
Scapoisrgr;walned \YY.obe |V.AADe [Yi¥ebh [IYVNeb [AYAVed |Tovra
Selecte((jsglajgpulation VIYYa [VY4..a [Yr.Ac [V11¥ea [VeAsea |YeYa
BquFé)g;JIation \WEVD  [3heec [YAEY D [VTe.eb [Aeic [TiTa

Values with similar alphabetical letter don't significantly differ from each other, in
the same column using Duncan's Multiple Range test, at .+ © levels.
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Bulb quality and yield component
The results obtained for bulb diameter, clove weight (g/plant)
and no. cloves/bulb are recorded in Table Y. The selected population
and scape removal at ' month before harvest resulted in significant
increase in bulb diameter (1.9A cm and 1.AY cm for SP) and (V.-Y
cm and 1.YY cm for SRM) and clove weight g/bulb (3.AY g/bulb and
1AV g/bulb for SP) and (7.7% g/bulb and “.AA g/bulb for SRM) in
the first and the second seasons respectively, without significant
differences between them. The results obtained by Erlebacher,
(Y44A) and Pelter et al., (Y++°) show that the grower larger bulbs
from hardneck garlic can be obtained by cutting off seed stalks as
soon as they come up. In the first season, the highly mean value for
the no. cloves/bulb (Y£.1+) was recorded with the scape remained
(SR) but the lowest (YY.2V clove/bulb) with (SRM). In the second
season, the mean values for the no. cloves/bulb was insignificant..
Table Y : Bulb diameter (cm), clove weight (g/plant) and no.
cloves/bulb of garlic cv. "Egaseed Y'" as affected by
scape removal and clove selection in the two seasons
of Yeed/YeYeand Y eV o /Y VY,

First season
Second season
Bulb Clove No. Bulb Clove No.
Treatments diameter | weight | cloves/b | diameter | weight | cloves/b
(cm) (g/plant) ulb (cm) g/plant ulb
Scape removed at
Y\ month before | v.-Ya 1lha [ IYAYDbD | WYYab | LAAa | YEeea
harvest (SRM)
Scape removed at
the harvest time | 1.°'b Téeh [Yeeab| evibe | eVeb | YENra
(SRH)
Scape  remained | . ,, 5.A Ve 5.0 oAYh | VA
(SR) AN Avc Jva AN YD Ava
Selected
- TAA TAY YEY TAY TAY VY AW
population (SP) a a ab a a a
Bulk  population | . .. o Véo vy ¢ Vo YEA
(BP) RAN) Jec .ovab| evve Yec Ava

Values with similar alphabetical letter don't significantly differ from each other, in
the same column using Duncan's Multiple Range test, at «.+© probability level.
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Bulb weight (9):

Data presented in Table Y show a pronounced increase in bulb
mean weight (g) and percentage of weight increase for two seasons. In
the two seasons, both scape removal ¥ month before harvest (SRM)
caused highly significant increase in bulb mean weight when
compared to scape remained (SR) (Y+.*A % and YY.V+ %). On the
other hand, the bulb mean weight was significantly decreased when
the scape (flower stalks) (remained) or excised at the harvest time.
The results reported by Nam et al. (Y++A) who showed that the yield
of no scape cut was decreased to A." % compared to V.YV kg/) +a for
scape cut. Similar results were obtained by Hui-lian et al., (Y++)) and
Choi et al., (Y+)))..Selected population (SP) in the two seasons gave
the highly significant increase in bulb mean weight (g) (V.Y % and
Y +.YV %) when compared with bulk population (BP). These results are
in agreement with that reported by Agustin, (Y23Y); Zepeda, et al.
(Y23Y) and Mahadeen, (Y+Y)).

Table ¥ : Effect of garlic scape removal and selection on garlic cv.
"Egaseed Y' bulb yield and the percentage of weight

increase in the two seasons of Y:+«4/Y«Y. and
\ERREVAERRNF
Treatments Bulb mean weight (g)
Second Second season
season
Removed Y month before harvest 4011 b A VY a
(SRM)
Scape Remained (SR) A4+ cd V.Y b
Weight increase % + VA% +VY.V %
Removed at harvest time (SRH) AY VY d YY1« b
Remained (SR) A4 cd AR )
Weight increase % -0 0p +1.Y° %
Selected population (SP) YeV.¥ea Avoa
Selection | Bulk population (BP) .Y be VY.« b
Weight increase % +YV.0Y 0 +) YV %

Values with similar alphabetical letter don't significantly differ from each other, in
the same column using Duncan's Multiple Range test, at +.+© probability level.
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Weight loss:

Data regarding weight loss during storage period revealed that
there were significant differences in the mean values of scape removal
and selection in the two seasons (Fig,Y and Fig,¥). After Y months
from storage, the highly significant increase in weight loss was
recorded with bulbs which the scape was remained (SR) in the first
season. Weight loss differed significantly. After ¢ months from
storage, data differed between the first and second season, and
selected population (SP) exhibited the highest decrease in weight loss
. Scape removed at Y month before harvest (SRM) and (BP) gave the
lowest significant decrease in weight loss after T months from storage
in the two seasons.

Total weight loss:

Data presented in Figure Y showed that scape remained (SR)
caused the highest significant increase in total weight loss % (£Y.VY %
and ££.2Y %) in the first and the season respectively. These results are
in harmony with that reported by Rosen and Tong, (Y:*)). Scape
removed ) month before harvest (SRM) in the first season and bulk
population (BP) in the second season gave significant decrease in total
weight loss % (YV.Y% % and YA.YY %, respectively).

Dry matter %:

Statistical significant differences in the mean values of dry
matter (%) during storage period was found (Table ¢). Data revealed
that dry matter increased after ¥ and ¢ months and then decreased
after 1 months from storage. These results are in agreement with that
reported by Vazquez-Barrios et al., (Y« +1); Cantwell, (Y« ¢) and Ceci
et al. (Y9%)). The highest dry matter (%) were found with (SRM)
after Y and ¢ months in the first season and after ¥,¢ and 1 months in
the second season. These results are in harmony with that reported by
Rosen and Tong, Y+ +) who showed that scape removal increased dry
matter partitioning to the bulbs.

Selected population (SP) after ¢ and 1 months in the first season
and after Y,¢ and 1 months in the second season also showed highest
increase with insignificant differences among them. The lowest values
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for dry matter were recorded for SRH after Y and ¢ months in the first
season and after ¥,¢ and T months in the second season.
Total Soluble Solid (T.S.S):

Total soluble solid of garlic bulbs at different days after storage
was significantly influenced by scape removal and selection (Table )
treatment. Data exhibited linearly increased in T.S.S at the first
months from storage and then decreased at the end of storage (after 1
months). The initial TSS increase may have been the result of the high
loss in mass that occurred during the first month of storage (Kopsell
and Randle, Y44V). Soluble solids increases also may have resulted
from the conversion of non soluble highly polymerized fructans to
soluble sugars during storage (Kopsell and Randle, Y33V). Also,
Rutherford and Whittle, Y3AY reported that total soluble sugars
decreased due to respiration. In the two seasons, both SR and SP
recoded the highest values for T.S.S with insignificant differences
between them. Also, SRM after ¥ and ¢ months in both seasons gave
the highest values. The lowest values were found with SRH and BP
specially after ¢ and T months in both seasons.

In conclusion, scape (flower stalks) excision of garlic hard-
neck cultivar Egaseed Y one month before harvest and selected garlic
seeds based on clove weight of cloves could be effective in increasing
garlic bulb production and enhanced garlic storability of this cultivar.
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Fig: 1 Weight loss (%) of garlic cv." Egaseed2" as affected by scape
removal 1 month before harvest (SRM), at harvest time (SRH), scape

remained (SR), selected population (SP) and bulk population (BP) after 2,
4 and 6 months from storage (First season)
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—&— 2, months (LSD=1.21) 16.8 19.4 20.7 17.97 18.94
—B— 4, months (LSD = 0.928) 10.7 7.82 7.45 8.44 6.93
== 6, months (LSD = 0.925) 13 138 14.61 13.39 11.42

Fig 2: Weight loss % of garlic cv. "Egaseed2" as affected by scape
removal 1 month before harvest (SRM), at harvest time (SRH),
scape remained (SR),selected population (SP) and bulk population
(BP) after 2, 4 and 6 months from storage (Second season)
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Fig 3: Total weight loss (%) of garlic cv. "Egaseed 2" as affected
by scape removal 1 month before harvest (SRM), at harvesttime
(SRH), scape remained (SR), selected population (SP)and bulk
population (BP) in the first and second season.

46
44
\l S
42 g
L 40 <=
=
~o 38 2
©
36 5
'_
34
32
BP SP SR SRH SRM
== First season (LSD = 40.5 41.02 42.73 39.8 37.29
1.334)
=l== Second season (LSD 38.37 39.6 44.52 42.6 39.37
=0.885

Table ¢ : Dry matter (%) of garlic cv. ""Egaseed Y as affected by
scape removal and selection after Y,¢ and % months
from storage in the two seasons of Y:+4/Y«)+ and

\ERRVAEKRRN
Storage period
First season Second season
Treatments 3 i Y 3

months | months | months | months | months | months
Scape removed )
month before harvest €YAd.a | €oYea | YV.or b | €Y A g | €€ | YAVea
(SRM)
Scape removed at the VA " TAO. .. . AT
harvest time (SRH) A | ETeee ab $lovb fEverc | TATD
Scape remained [ARK eeT. A Q LR TN fe s
(SRS be ab .Aea Aea Aeb RN |
Selected population Sy \Y ISR YAIY PP EAK e
Sp MYb °Va | p cra g YYa
Bulk population £YAY (Y VY YANY [ARE P Y vy
(BP) bc bc ab ab ATh YV

Values with similar alphabetical letter don't significantly differ from each other, in
the same column using Duncan's Multiple Range test, at +.+© probability level.
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Table ¢ : Total soluble solids (T.S.S) of garlic cv. ""Egaseed Y™ as
affected by scape removal and selection after ¥, ¢ and 1
months from storage in the two seasons of Y« +«4/Y«\.
and Y+ VY /Y 0Ny,

Storage period

First season Second season

Treatments Y ¢ 1 Y 3 1
months months | months months | months months

Scape removed at )
month before harvest .03 Y oa ARRAA ]
(SRM)

£Y VY
ab

YAEs

YV a
) bc

Scape removed at the

. YA4AY g | teVop | YiVep | fvX¥eg | €Y AD | YVouC
harvest time (SRH)

i YAAN
Scape remained teva | £YAVa | TV a | tvYea |tvivva :
(SR) ab
Selected population §v4.a | £Yo.a | YAd.a | érvea | irAva |Traveia
(SP)

i oy YA

Bulk population ¢ A g VYYD | Ve . Y Y p .
(BP) bc bc

Values with similar alphabetical letter don't significantly differ from each other, in
the same column using Duncan's Multiple Range test, at «.+© probability level.
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