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STORAGE PRACTICES ON GARLIC
BULBS ROT DISEASES

Aly, A.Z.*; Dawlat, A Abdel Kader,.*;
A.E.A. Ismail**, and A.A Soliman,.**
* Agric. Bot. Dept., Fac. Agric., Zagazig Univ.
** Plant Pathol. Res. Inst., Agric. Res. Center, Giza, Egypt.
Received 6 /12 /2003 Accepted 11/1/2004

ABSTRACT: Black, green and basal rot diseases were the most
dominant diseases on garlic bulb during storage. These diseases
caused by Aspergillus niger, A. flavus, Penicillium spp. and Fusarium
oxysporum that proved to be the most frequent fungi. These fungi
were found to be responsible for causing deleterious influence on the
stored garlic bulbs either on Balady or Chinese cultivars.

Harvesting garlic bulbs after 190 days from planting resulted in
a great reduction in bulb rot incidence than that harvested after 150
days. Storing at temperature ranging between 20 ~ 30 "C resulted in
the highest values of infection. Percentage of infection and bulbs rot
increased with increasing storage period.

Also, the deleterious effect of rot disease increased as number of
irrigation of the crop was increased. Increasing level of nitrogen
fertilizer increased the garlic bulb rot disease incidence. However,
the disease decreased with the raise of potassium and phosphorus
rates in the tested growing seasons (1999/ 2000 and 2000/ 2001).
Vitavax-Thiram was the most effective fungicide against infection
during storage when applied in the field.

Drying storage bulbs without neck topping for two weeks was
more beneficial in reducing infection. Packing garlic bulbs before
storing in perforated paper bag and/ or carton boxes resulted in the
Ieast bulb damage in comparison with the other packing materials

Key words: Garlic, Bulb, rot disease, Aspergillus niger, Aspergillus flavus,
Penicillium sp. and Fusarium oxysporum.
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INTRODUCTION
Garlic /(Aﬁzum sativim L) is

one of the most important

vegetabie crops in Egypt and all
over the world. There is an
incréase demand ?Or Egypudn
garhc for the local market and for

export (Abdel Sattar ef al, 1983)

Gamf‘ is also used as a source of

certam medical substances

(Mostafa, 1983).

Gartic batbs ‘e subjected to
invaston by ‘certain fungi during
ubfaVorable -Morage conditions
caustiy 1ot in garHe cloves and
subseguently  bulb  devastation
(Bottcker and Pohle, 1993; Beliard
et al, 1998 and Khaled e/ al,
2003). “Thie furigi Aspergiihis Higer,
A, flavhs, ‘Pentcilllum ‘spp. and
Fusdriuth oxysportim (Schlecht)
are ‘'the ‘most ‘donmvimdht fungi
re¥ponsible for gartic ‘deplefich
phenomenon (I¢haled er al, 2003).
Garlic bulbs of cv. Chitiese
stiowed somie ‘degree "of resistande
to “ferigal inféction a5 colhpared
with ‘cv '‘Balddy., when ‘éxarined
under diffdtent storage  amd
agricutteira]l 1practices cohdittoris
(Abdel-Al-eral;, T991).

The present mvesﬁgatxon WS
de51gned to ‘stitvey ‘the ‘garlic
pbsthaWeSt causal organistis of
bllb rdt and ‘Stiilly The eiif'ect of
sothe *storage conditicns, i'e. pfam
age at ‘Hatvest tifre, ‘tertperatiiie

E

et. al,

and - stdrage Iohgevity. Field
experiments including fértilization,
irripation ahd chemical confrol as
well a3 vome matdral tredtments,
ie. drying, aad packing bdlb
during storage. Reduction in bulb
weights wele also investigated.

MATERIAL AND
1. S#rvey stady:

Ghliic Bulbs Cv. Balady Were
obtained from main loca: market
in April of wo successive seasons
(2000 and 2001). Postharvest
diseases were surveyed in different
districts of three dlfferent
governorates, ie. El- Shark1a (Kafr
Sakr, Diarb ngm and Awlad
Sakr) El-Dakahlia (Term Elamdxd
El-Senblaween and Aga) and El-
Mounofia ('S-hebln El-Kom, El-
Bagour and Monof) at  two
successive  seasons (2000 and
2001) One hundred ﬁfty Balady
garlic bulbs from each district
were randomly collected and
visuaily inspected Tor presence of
any disease symptoms -and signs.
Percentage  of Hl-fCC.UOfl was
determmed aecordmg to the
followmg Tormula :

‘Nbmberbf liftééfeu tulss
% Tafsclidn = = X ‘16p
TYMI it S ibiiMs
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2. Isolation, identification and
frequency of the causal
pathogens:

Amputated cloves taken from
diseased bulb samples were peeled
off, then surface sterilized by
immersing in 2%  sodium
hypochiorite solution for 3minutes,
then wash several times with
sterilized water and dried between
two sterilized filter papers. The
surface sterilized diseased rotted
cloves were cut into small pieces
using sterilized scalpe! (2 mm
thick). The samples were then
transferred onto PDA medium in
Petri-dishes. Four rotted parts were
placed in each Petri dish. Plates
were incubated at 28 °C for five
days. The emerged fungi were
picked up and purified using single
spore and/ or by hyphal tip
techniques suggested by Barnett
and Huntter (1998). The purified
microorganisms were identified
according to explanation given by
Bamett(1972), Ramirez (1982) and
Samson and Pitt (1990). The
frequency percentage of the
occurrence of the isolated fungi
was calculated. '

3. Pathogenicity test:

The isolated fungi
(Aspergillus niger, A flavus,
Penicillium spp.  Fusarrium

oxysporum, Rhizopus spp. and
Alternaria spp.) were individually
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tested for their pathogenicity to
mature apparently healthy garlic
bulbs of Balady cultivar. The
chosen bulbs were individually
weighed. Surface sterilized
wounded and un-wounded garlic
bulbs were inoculated with spore
suspension and/ or  hyphal
fragments 5x10* cfu/ml and 4 mml
disc through wounds near the base
end to a depth of about 10 mm
using fine sterile needle. Control -
treatment was prepared in a similar
way using sterilized water. Ten
bulbs of each treatment were kept
in  polyethylene bags, then
incubated at room temperature at
28 — 30 °C for a month. At the end
of incubation period bulbs were re-
weighed and the percentage of
losses in weight in their weight
was calculated. Re-isolation was
cartied out from the inoculated
infected bulbs.

4. Effect
conditions on bulb
development :

4.1, Effect of bulb maturity:

Balady and Chinese garlic
bulbs cultivars were harvested at
three ages, 150 days (immature),
170 and 190 days (mature) from
planting time. The bulbs were
dried in open air for two weeks,
then weighed. Bulbs were surface
sterilized using sodium
hypochlorite 5% for 2 minutes,

of some storage
rot
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then inoculated with equal discs
(4mm in diameter) taken from 7

days old cultures of any of
Aspergillus  niger, A.  flavus,
Penicillium  spp.  Fusarrium

oxysporum. Sixty garlic bulbs, for
each garlic cultivar, were used (20
bulbs for one age and 5 bulbs for
each fungus). Treated bulbs were
packed in perforated paper bags
and incubated at 28 £+ 2 °C for a
month. After the elapse of
incubation period the percentage of
infection was calculated. The
bulbs in each treatment were re-
weighted to  determine the
percentage of losses in their
weight.

4.2. Effect of temperature:

Apparently healthy Balady
and Chinese garlic bulbs taken
from stored garlic for three months
at room temperature (22 — 25 °C)
from harvesting time. The bulbs
were divided into three groups,
each group contained five
treatments (thirty bulbs for each
treatment) for each cultivar and
replicated three times for each
particular treatment. Garlic bulbs
were individually weighed and
surface sterilized as mentioned
before , then inoculated with the
pathogenic fungi (4. nmiger, A.
flavus,  Penicillium  spp. F
oxysporum) using disc technique
as mentioned before. In control
treatment, bulbs were only injected

Aly, et. al,

with discs of PDA medium. All
treatments  were  packed in
perforated paper bags. The first
group was stored at 10 °C, the
second group kept at 20 °C and the
third one stored at 30 °C for 15
days. All treatments were re-
weighed after the elapse of the
storing period, percentage of
infection and bulb weight loss
were calculated.

4.3. Effect of storage period:

This experiment was started
at April to October for both
seasons 2000 and 2001. Balady
and Chinese garlic bulb cultivars
were harvested at their mature
stages (170 days) and dried in
sunshade for two weeks. Garlic
bulbs without neck topping were
individually weighed, then packed
in perforated paper bags. Ten bulbs
were used for both of garlic
cultivars and replicated three
times. Bulbs were stored at room
temperature (22 — 30°C) and re-
weighed every month after 1, 2, 3,
4, 5 and 6 months from storage to
calculate percentage of infection in
each treatment. Losses in bulb
weight were also determine.

5. Field experiments:

Field experiments were
conducted for two successive
winter growing seasons (2000 and
2001) at the Experimental Farm of
Tag El-Ezz Agricultural Research
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Station, El-Dakahlia govemorate,
Egypt. The experimental plats
were 3 X 3.5 meters in each feddan
(1/400).  Apparently  healthy
Balady garlic cloves were sown in
each plot. Normal practices of
garlic cultivation were applied. A
complete randomized block was
applied with three replicates for
each treatment. After planting, the
effect of mineral fertilization,
irrigation and chemical control on
garlic rot development were
investigated.

5.1. Effect of fertilization:

Urea (46.5 % N), calcium
super phosphate (16 % P,0s) and
potassium sulfate (48 % K) were
added at three levels: 129, 258 and
487 kg/ feddan for urea, 234, 468
and 702 kg/ feddan for calcium
super phosphate and 50, 100 and
150 kg/ feddan for potassium
sulfate. Different combinations
between the three fertilizers were
used. The fertilizers were added at
three intervals, ie. 30, 60 and 90
days from planting. After 170 days
from planting, harvested bulbs
were allowed to dry and packed in
perforated paper bags. Bulbs were
individually weighed and stored at
room temperature (25 — 30 °C) for
4 months and then re-weighed.
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Percentages of infection and losses
in bulb weight were calculated.

5.2. Effect of irrigation:

Four irrigation intervals, i.e.
15, 30, 45 and 60 days, were
conducted under field conditions in
two successive winter growing
seasons 1999/ 2000 and 2000/
2001. Harvested bulbs were
allowed to dry as previously
mentioned, then  individually
weighed and packed in perforated
paper bags. Bulbs were re-weighed
4 months latter from their storage
at room temperature (25 — 30 °C).
The disease measures were
calculated as mentioned before.

5.3. Effect of chemical control:

Vitavax-Thiram, Kema-Z and
Redomil-MZ fungicides
(Table 1) were applied as foliar
sprays after three months from
planting at the rate of 250 gm/ 100
liter water and repeated after 15
and 30 days from the first one to
check efficacy of one, two and
three sprays in controlling rots of
garlic bulbs during storage.
Control treatment was sprayed
only by water. The same
previously procedures for
irrigation treatments were carried
out.
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Table 1: The tested fungicides , their name, active ingredient,
common name, chemical composition and
recommended doses.

Commerci Active ' . L Recommended
Common aame Chemical comgosition
2l name ingredient dase
5,6 dihydro-2, 2 metyl 1,4
Yitavax- Carboxine + oxathine-3 carboxanilide (37.5
75% WP 2.5 gm/ L water
Thiram Thiarane %) + tetramethyl
thiurambisulfide (37.5 %).
. Carbendazim, Methyl
Carendazim + .
Kema-z 50% WP benzamidazole-2- ¥l crbamate 2.5 g/ L water
: Metalaxyl
(MBC)
Methyl N. {methyoxy acety]-N-
‘ (2, 6-xyiyl)-DL-alaninate 8 % +
Redomil- Metalaxyt + .
72% WP manganese cthylenebis 2.5 gm/ L water
MZ Mancozeb .
. (dithiocarbamate) {polymeric) 64
%e.

6. Effect of Natural treatments
before storage on bulbs
decay :

6.1. Effect of drying:

Garlic bulbs of cvs. Balady
and Chinese were dried in an open
air in sunshade place and were
divided into the following four
treatments:

a.Thirty plants without neck
topping were dried for a week.

b.Thirty plants with neck topping
were dried for a week.

c. Thirty plants without neck
topping were dried for two
weeks,

d.Thirty plants with neck topping
were dried for two weeks.

All treatments were weighed
before storage. Plants were packed
in perforated carton boxes and
were left for 4 months at room
temperature (25 — 30 °C). At the
end of the experiment, plants were
re-weighed and the percentages of
infection and losses of bulb in
fresh weight were determined.

6.2. Effect of packing
container materials :

Apparently healthy bulbs
without neck topping of Balady
and Chinese garlic cultivars were
packed in different eight kinds of
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containers, ie¢. paper  bags,
perforated paper bags, carten
boxes, perforated carton boxes,
polycthylene  bags, perforated

polyethylene bags, plastic sacks -

and jute sacks. Three replicates {10
bulbs for each replicate) were used
for each particular treatmeni.
Bulbs were weighted before
packing, then ic-weighed after the
elapse of 4 months ¢f storing at
room temperature (25 - 30 °C).
Percentages of bulb infection with
rots, in addition to bulbs loss in
fresh weight were calculated.

7. Statistical analysis:

Results were statistically
analyzed according to the methods
described by  Snedecor and
Cochran (1980).

RESULTS AND
DISCUSSION

Pata in Table (2) indicate
that the highest mean percentage
of bulb rot infection was obtained
from samples collected from El-
Dakahlia governorate (10.93%),
while, the lowest percentage
(8.33%) was from samples of El-
Mounofia governorate. Moreover,
the bulbs showing symptoms of
black rot disease appeared to be
the most common kind of rot
diseases (15.78%). On the other
nand, the lowest bulb rot
percentage (4.78%) was associated
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with buibs exhibited symptoms of
blue rot discase. These results
might be due to the high moisture
coitent irr bulbs after harvesting
in additioti i¢ rool wounds
resulted from removal of the bulbs
from soil (Zayed et of, 1982 and
Abdei Saitar et ol 1985
Percentage of infection, also,
differed from one scason to
another where it resulted the
highest level in season 2000. This
vanation might be due to changes
in the environimental conditions as
well as variation oi agricultural
practices, garlic cultivars,
pathogen races and host-pathogen
relationship which affected the
disease incidence (Walker, 1975).

The pathogenic fungus A
niger proved to be the most
frequent among the examined
fungal genera, isolated from both
cultivars followed by 4. flavus and
Penicillium  spp. (Table 3).
Pathogenicity  tests under
laboratory conditions on wounded
and/ or un-wounded bulbs
indicated that different isolated
fungi varied in their pathogenic
potentiality with the lowest loss in
the unwounded bulbs (Table 4).
The highest percentage of decay in
wounded bulbs might be due to
wound break down the mechanical
control of the bulbe to infect with
pathogenic fungi {Radwan, 1980).
Thus, these pathogenic fungi might



Table 2: Percentages of infection of cv. Balady garlic bulbs by rot diseases in three governorates
(El-Shakia, El-Dakahlia and El-Mounofia) in two successive seasons (2000 and 2001).

El-Sharkia governorate El-Dakahlis governorate Fi-Mounofia governorate general mean
% Infection in % Infection in % Infection in % Infection in
season season® SEASON season
Buibs
rot
ype Mean Mean Mean Mean
2000 2001 2000 2001 2000 2001 20008 2081
~ Black 14.00 14.67 14.34 19.33 20.67 2000 | 12.67 13.33 13.00 15.33 16.22 15.78
3 Basal 12.00 13.33 12.67 12.66 13.34 13.00 10.67 11.33 11.00 11.78 12.67 12.23
:; Soft 10.00 18.66 10.33 867 9.33 9.00 10.00 10.00 10.00 9.56 9.99 9.78
2 Green 6.66 8.00 7.33 6.00 8.67 7.34 4.66 4,00 4.33 577 6.89 633
Blue 533 6.00 5.67 4.00 6.66 533 267 3.99 333 4.00 5.55 4.78
Mean 9.59 10.53 10.06 10.13 11.73 10.93 8.13 8.53 833 9.29 10.26 9.78

L.S.D. at 0.05 for:

L.S.D. at 0.05 for
Rot (R) =4.21 Year (Y)=0.85 RXY=5063

Governorate (G) = 1.64 RXG=6.38 RXGXY=845
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Table 3: fungi iselated from rotted garlic bulbs of two garlic cultivars and there frequencies.

Where No.: Number of fungal colonies, and % Fr.: % frequency of isolated fungi
1.SD. At 5% Governorates (G) = 4.8

Cultivars (C)=13.3

GxC=6.7

El-Sharkia El-Dakhlia El-Mounofia ‘|

Isclated fungi Balady Chinese Balady Chinese Balady Chinese N:_ﬁ“ Mean '
No. | % Fr. | No. | % Fr. | No. | % Fr. | No. | % Fr. | No. | % Fr. | No. | % Fr. "ol %

Aspergillus niger | 5 | 1786 |4 | 2667 |4 |2000 |6 [27.27 |5 (2381 |3 | 1579 | 450 |2160 |
Aspergillus flavus | 5 | 1786 |3 12000 |3 [1500 |3 |[1364 {6 (2857 |4 |2105 [400 |19.20
Penicilliwmspp. |7 | 2500 {2 11333 [3 {1500 [4 (1818 |3 [1429 {3 |1579 |367 | 17.60
Fusarium 4 1429 {2 [1333 {2 (1000 |3 |13.64 |5 2381 {3 |1579 {317 | 1520
oxysporum
Alternaria spp. 3 1071 |3 12000 j4 J2000 ]2 (909 11 [4a76 |a [2105 |28 | 1360
Rhizopus spp. 4 1428 {1 (667 |4 |2000 [4 |1818 |1 476 |2 1105% |267 | 12.80
Mean 4.67 2.50 333 1.67 350 3.17

(%)
27

P00T (2)'ON I£ 104 “53Y 2Ly [ 31200

68S
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Table 4: Pathogenicity tests of the isolated fungi from rotted Balady
garlic bulbs using inoculation with disc and/ or spore
suspension techniques:

% loss in fresh weight of bulbs inoculated
Tested fungi WlthUt::.sc With spo;‘Jens-uspenslon
Wounded Wounded Mean Wounded Wounded Mean
Aspergillus niger 35.48 6.25 20.87 31.45 8.06 19.76
Penicillium spp. 62.31 5.97 3414 29.23 7.03 18.13
Aspergitlus flavas 26.01 5.88 15.95 27.40 7.35 17.38
Fusarium 16.95 7.38 12.13 16.67 6.78 11.73
GXYSpOrtm
Rhizopus spp. 10.61 5.7 8.16 15.25 9.09 12.17
Alternaria spp. 9.38 5.45 7.42 7.81 6.92 1473
Control 7.35 3.33 5.34 7.35 6.62 6.99
Mean 26.79 6.11 21.30 7.54
General mean 16.45 14.42
L.S.D. at 0.05
for: ‘
Fungi (F) = 10.63 FXW=1846
Disc or spore suspension (D) =
AT (D) DX W=21.23
Wounded or unwounded (W) = FXDXW=
13.66 28.85

FXD=16.46
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be responsible for depletion of
garlic bulbs during storage. These
results were in full accordance
with those obtained by Cho et df
(1995).

Results 'n Table (5) show
that percentages of infection and
bulbs loss with all e tested fungi
decreased dufing storage by
increasing plafit age at harvesting
from 150 to 190 days, where
increasing age fead to the complete
of bulb maturity, decreased bulb
moisture  eéntert and hence
increaséd the dryness of the bulbs.
These r&sults might e due to that
certain Structural features even for
either the exterior and/ or interior,
which #ight affect the ability of
the pathogei to penrctiate or invade
the bulbs at this growth stage (El-
Ali and El-Yatnany, 1977; Zayed
et al 1982; and ‘Shabrawy e
al 19973,

Dita in Table (6) indicate
that increasing temperature degree
from 10=309C #ceelersted infection
percentdge ‘ahd bulbs loss in fresh
weight ‘of bdth gariic cultivars. A.
niger ghve the hiigl’fest Ipercentages
of infeétion and foss 4n bulbs fresh
weight ¥when garlic bulbs stored at
30 °C. 'On the othér hand, both
Peniciffiuim spp. an8l F. oxysporum
had the highest res#iits at 20 °C.
This obsérvation mighit be due to
that these tefperattires were the
optimuin ones for the arowth of
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these pathogenic fungi (Abdel-
Rhaman ef al 2000). These results
had the same harmony of those of

Mosiafa (1982), Zayed et al
(1982) and Folchi and Mari
(1984).

Data presented in Table (7)
reveal that there is no infection on
Chinese garlic cultivar after one
month of storage in both tested
seasons. Alsy, increasing storage
period increased peicentages of
infection and bulb loss in fresi
weight for stored garlic bulbs. It
was also clear that both
percentages rapidly increased after
3 months of storage and the
maximum values were recorded
after six months. These results
might be due to the biochemical
changes in clove contents such as
increasing  sugars and/ or
decreasing volatile and phenolic
compounds which enhanced cloves
invasion by the pathogenic fungi
Ragab et al (1984). These resuits

had confirmation of those of
Furthermore, antimicrobial
materials from cloves, hence

predisposed cloves to infection by
many pathogenic fungi (Bottcher
and Gunther, 1994).

Results presented in Table (8)
indicate  that  the  highest
percentages of infection (43.33
and 46.67% for 2000 and 2001
growing seasons  respectively)
were detected in soil fertilized by
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Table 5: Effect of harvesting time on rot disease measurements of garlic cultivars:

Ageof cv. Balady ev. Chinese
piant at S
. F, Peniciliium . F. Penicilllum
harvest A. niger A. flavus Mean A. niger A, flavus Mean
. oxysporum spp. oxysporum spp-
time
(days) 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L I L 1 L
150 100.¢ 55.56 100.0 5294 100.0 46 58 100.0 40.00 iBO..O 4B.A4TT 100.0 40.00 £0.00 3333 8G.00 2533 60.0C 24.00 80,00 3087
17¢ 10006 350 BO.O0 3404 | BOOC 2963 | 6000 2649 | BOOO 3129 | BO.OO 2267 | 6006 2267 | 4000 2133 | 6000 2027 | 6000 2274
190 8000 2308 | 4000 2209 | 6000 1692 [ 2060 1607 | 5000 1954 | 6000 2000 { 4000 1607 | 2000 1429 | 4000 1296 | 40.00 15.83
Mean 9.33 3788 | 7333 3636 | B0.00 3104 | 6000 2752 | 7667 3310 | %000 2756 | 6000 2402 | 4657 2032 | 5333 1908 | 6000 2308

Where I =% Infection and L = % loss in bulbs fresh weight.

L.8.D. at 0.05 for:

Age (A) = 14.03.

AXF

= 18.44.

Fungi = 12.43.

AXC=1707

Cuitivar (C)=10.11.

AXFXC =2255




Table 6: Effect of different storage temperatures on rot disease measurements of garlic cultivars:

cv. Balady cv, Chinese
2
w £ I - :
o %) R F. Penicillium i F. Peniciflium
g A. niger A. flavus Contro} A. niger A. flaviis Control
s e oxXysporum spp- oxysporum spp.
wE
&
1 L i L 1 L I L 1 L | L 1 L 1 L 1 L 1 L
10 3333 835 | 2667 782 | 2667 783 | 3667 936 | 667 226 | 2667 743 | 2000 658 | 2000 695 | 3000 TS5 | 333 198
pli} 5333 1109 | 4000 903 ) BOG0 1274 | 3667 935 | 1000 413 | 4667  B52 | 3133 800 | 6667 1054 | 3000 830 | ee7 290
30 8000 1296 | 3667 870 | 4000 913 | 3333 852 | 1000 443 | 7333 1155 | 3000 790 | 3333 790 | 2667 695 | 667 120

Where I =% Infection and L = % loss in bulbs fresh weight.

L.S.D. at 0.05 for:

Temperature (T) = 9.02.

Cultivar (C) = 7.33,

Fungi (F) = 5.16
TXF=1144

P00Z (2)°ON IE 10A “s3y U3y [ S1208p7

- £6S
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Table 7: Effect of storage period on rot disease measurements of

garlic cultivars in two successive seasons (2000 and 2001):

Storage 2000 2001
period | cv.Balady | cv. Chinese | cv.Balady | cv. Chinese
(month) 1 L | L i L I L
1 333 325000 252 333|350 ;000 315
2 6.67 735|333 7.14 [1333] 8.38 | 3.33 7.69
3 13.33 14.17) 3.33 10.00 | 23.33 [ 21.26 | 6.67 16.78
4 30.00 27.32|10.00 23.70 | 46.67 | 34.11 | 10.00 23.78
5 56.67 40.34 | 20.00 28.90 | 60.00 | 47.90 | 26.67 31.82
6 63.33 4049 126,67 32.14 | 70.00 | 50.00 | 30.00 36.01
Where I =% Infection and L = % loss in bulbs fresh weight.
L.S.D. at 6.05 for:
Storage period (S) = 8.04 SXY=1036
Cultivar (C) = 6.35 CXY=813
SXCXY=1511

Years (Y)=3.12
SXC=1255
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Table 8: Effect of fertilization with different NPK levels on rot
disease measurements of Balady garlic cultivar in two
successive growing seasons (1999/ 2000 and

2000/ 2001):
Treatments* 19997 2000 2000/ 2001
N P K I L 1 L

N1 P1 Ki 26.67 16.46 26.67 19.49
N1 P1 K2 26.67 16.46 26.67 19.86
NI P K3 23.33 16.25 2333 18.99
N1 P2 K} 23.33 17.72 26.67 19.74
N1 P2 K2 20.00 15.19 23.33 17.33
N1 P2 K3 20.00 15.82 23.33 17.24
N1 P3 K1 20.00 15.19 20.00 17.31
N1 P3 K2 16.67 16.00 20.00 18.67
N1 P3 K3 16.67 17.09 20.00 18.75
N2 P1 K1 30.00 18.99 26.67 21.64
N2 P1 K2 26.67 2025 33.33 25.42
N2 P1 K3 2667 18.99 3333 2222
N2 P2 K1 26.67 18.35 30.00 21.95
N2 P2 K2 £3.33 14.56 20.00 16.00
N2 P2 K3 13.33 13.92 16.67 1585
N2 P3 K1 23.33 1579 20.00 17.07
N2 P3 K2 20.00 15.82 20.00 17.31
N2 P3 K3 16.67 18,89 20.00 18.13
N3 P1 K1 4333 22,78 46.67 29.27
N3 P1 K2 40.00 21.52 46.67 27.78
N3 P1 K3 3333 2025 30.00 26.82
N3 P2 Ki 3333 19.62 30.00 22.67
N3 P2 K2 36.67 18.99 33.33 21.11
N3 P2 K3 26.67 1772 33.33 2235
N3 P3 K1 23.33 1747 33.33 21.05
N3 P3 K2 2333 1722 30.00 20.00
N3 P3 K3 26.67 16,67 33.33 21.95

Without NPK 50.00 25.88 5333 38.46

LS.D. at 0.05 936 5.83 10.12 725

Where I =% Infec‘tionI and L = % loss in bulbs fresh weight.

" * : Treatments/ feddan:
Ni=129kg N2 =258kg N3 =487 kg
P1=234kg P2 = 468 kg P3=702kg
Kl =50kg K2=100kg K3=150kg
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N3P1K]1. On the other hand, plants
fertilized by N2P2K3 showed that
the lowest percentages of bulb
infection by rots. The same trend
was obtained concerning
percentages of bulbs weight loss of
garlic Balady cultivar during
storage. These results might be due
to the balance of potassium (K)
and phosphorus (P) contents in
bulb scales that might prevent or
even decrease fungal penetration.
Both elements have been claimed
in many diseases to be responsible
for plant resistance against certain
pathogens (Kottunvon, 1984 and
Abdel-Rafei, 2000).

Data presented in Table (9)
revealed that percentages of
infection and loss in bulbs fresh
weight of stored garlic decreased
with increasing the intervals
between irrigation from 15 to 60
days. Whereas, infection
percentage decreased from 53.33
to 6.67 % and from 60.00 to 10.0
% in 1999/ 2000 and 2000/ 2001
growing seasons respectively.
Such increase in storage decay
might be due to the increase of
moisture content of garlic bulbs as
a result of irrigation once every 15
days, which might increase
susceptibility of stored bulbs to be
infected by rot fungi. These results
are in agreement with some extent
with those of Ashour et al. (1973)
and EI-Shabrawy er al. (1987).

Aly, et. al.

Data presented in Table (10)
show that application: of different
fungicide as sprayer treatment
reduced percentages of infection
and loss bulbs in fresh weight
during storage in both two growing
seasons (1999/ 200G and 2000/
2001). Vitavax-Thiram was the
most  effective  fungicide’ in
reducing the percentage of
infection. However, Ridomil-MZ-
72 was the least effective one.
These results had confirmation of
those of Mazur (1991) and Soares
and Kurozawa (1998). The
differences in the obtained results
might be due.to the different
groups of fungicides that varying
in their active ingredient and mode
of action. Furthermore, the
explanation might be due to the
prolonged protection for garlic
bulbs from infection for certain
period of storage (El-Shehabay ef
al, 1997). It was also clear that
three sprays with any of the tested
fungicides were more effective
than the other numbers. Such
results are in the harmony with
those of Aly er al. (1997), Soares
and Kurozawa (1998) and Abdel-
Rafei (2000).

Data presented in Table (11)
show that drying garlic bulbs
without neck topping significantly
reduced the bulbs loss in fresh
weight during storage than those
dried with neck topping for both
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" Table 9: Effect of irrigation intervals on rot disease
measurements of cv. Balady garlic in two successive
growing seasons {1999/ 2000 and 2000/ 2001):

[ Trrigation 1999/ 2000 2000/2001
intervals (days) I I L I L
15 53.33 30.56 60,00 33.75
30 16.67 12.66 26.67 16.25
45 13.33 1159 16.67 12,92
60 6.67 10.53 10.00 12.14

Where 1 =% Infecti(mT and L = % loss in bulbs fresh weight.
1.5.D. at 0.05 for:

Irrigation intervals (I) = 6.23 IXY =911
Years (Y)=3.96

Table 10: Effect of spraying garlic plants (cv. Balady) during
growth at two successive seasons {1999/ 2000 and
2000/ 2001)with three different fungicides on rot
diseases affecting bulbs during storage:

Fungicide Number of 1999/ 2000 2000/ 2001
sprays 1 L 1 L

1 3333 29.15 36.67 29.36

Vitavax-Thiram 2 2667 2714 23.33 26.09
3 23.33 25.35 20.00 2451

1 36.67 31.78 40.04 33.55

Kema-Z 5¢ 2 30.00 29.86 26.67 3030
3 2667 27.27 23.33 28.23

1 33.33 38.52 46.67 37.41

Rimdomil-MZ-72 2 3333 33.33 46.67 31.82
3 26.67 3142 40.00 29.40

Cantrol ( without fungicides) 53.33 42.67 56.67 43.48

Where 1 = Infection %I and L = loss of weight bulb %.

L.8.D. at 0.05 for:
Fungicides (F) = 8.25 Number of sprays (N) = 7.43
Years (Y)=2.41 FXN=13.65
FXY=1044
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Table 11: Effect of drying period on percentage of bulbs loss in fresh weight of Balady and
Chinese garlic cultivars after 4 months of storage in two successive seasons (2000

and 2001):
Drying Balady cultivar Chinese cultivar
period 2000 2001 2000 2001
Mean Mesgn Mean Mean

(week) A B A B A B A B 7

1 4928 | 5331 | 5149 |52.02 | 67.00 | 59.51 | 36.62 | 4025 | 3869 | 3750 | 41.67 | 39.59

2 4030 | S1.35} 4583 [4156 6042 | 5099 |28.00}3894( 3347 {2890 | 39.68 { 34.29 .
Mean | 44.79 L52.33 4866 |46.79 | 63.71 | 55.25 |32.31 | 39.85 | 36.08 | 33.20 | 4068 | 3694

Where: A = Bulbs without neck topping and B = Bulbs with neck topping.
L.S.D. at 0.05 for:

Treatment (T} = 5.06 Period (P) =2.49 Years (Y)=2.80
TXP=634 : . TXY=559 PXY=336
TXPXY=851
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Table 12: Effect of packing container materials on rot discase
measurements of Balady and Chinese garlic cultivars after
4 months of storage:

i Packing containers

Balady Chinese
cultivar cultivar
I L ] L

Pancr bags P | 20.00 22.46 1333 1527
per bag N | 2667 3125 2000 18.16
Carton boxes P | 2333 25.18 1667 1751
N | 30.00 3209 | 2333 2418

Polyethylene P | 60.00 4787 | 4667 38.94
bags N | 7000 51.82 60.00  43.60
Plastic sacks 43.33 41.80 33.33 32'7
Jute sacks 36.67 38.28 26.67 285'7

Where P = Perforated and N = Non-perforated.
Where I: Infection % and L: Bulbs loss weight %.

L.SD. at 0.05 for:

Treatment (T) = 8.43 TXC=922
Perforation (P)=6.27 PXC=8.11
Cultivar (C) =3.36 TXPXC=1246
TXP=10.32
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the two tested garlic cultivars (cvs.
Balady ~and Chinese). The
reduction in bulb weight of cv.
Chinese was lesser than that
occurred in bulbs of cv. Balady.
This observation might be due to
prevention or decrease invasion by
the different pathogens during
storage as a result of dryness
leading to formation of closed
tissues (Werner, 1986 and Gargi,
Roy, 1986). Moreover, prolonging
drying period to 2 weeks after
harvesting led to a reduction in the
loss percentage of bulb fresh
weight in both seasons than drying
for one week. These results are in
agreement with those of Hussen et
al. {1976) and Bottchr and Gunther
(1994). '

Packing of bulbs of Balady
and Chinese garlic cultivars in
perforated  containers  showed
lower percentages of rot discase
measurements when compared
with the non-perforated ones
(Table 12). Packing bulbs of both
cultivars tested in perforated paper
bags and perforated carton boxes
revealed the lowest percentages of
infection (20.00 and 23.33%
respectively) and loss in bulbs
fresh weight (22.46 and 25.18%
respectively). On the other hand,
bulbs packed in non-perforated
polyethylene bags exhibited the
highest  values of rot disease
measurements.  Chinese  garlic

Aly, et. al.

cultivar revealed the same trend

but with lower corresponding
values of rot disease
measurements.  Probably, these

results might be due to less
ventilation leading to accumulation

of high humidity, which
encourages germination fungal
spores, infection and further
development (Khaled ef af., 2003).
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