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ABSTRACT 

A field trial and post-harvest experiment were carried out at the Experimental Station Farm, Faculty of Agriculture, 
Alexandria University in Abies, Alexandria, Egypt, during the winter and summer season of 2017, respectively. This 
study aimes to evaluate the effect of nitrogenrates (0, 50, 100 and 150 Kg Nfed-1) and chitosan (0, 1, 2 and 3 mll-1) 
and their interaction effects on postharvest quality of garlic plants. The results showed that the percentage of weight loss 
and chemical composition of garlic (T.S.S , dry matter and total carbohydrates) were significantly increased as N-level 
increased from 0 up to 150 Kg N fed-1 as well as chitosan concentrations was increased from 0 up to 3 ml/ l. The results 
indicated also that there were significant interaction effect due to nitrogen levels and chitosan concentrations on all 
characters. The storage durations months had significant effects on weight loss of garlic bulbs. It was observed that 
weight loss of garlic bulbs gradually increased with the increase of storage duration up to 4 months.  All minerals (N,P,K) 
and Protein contents of garlic bulbs were significant increased by the application of nitrogen fertilization  up to 150 Kg N 
fed-1as well as by spraying of chitosan up to 3mll-1. The interaction effects of nitrogen and chitosan on N and 
protein contents of garlic bulbs before or after storage were significant, however, there were as no significant effects on 
P and K contents of garlic bulbs after storage. 

keywords: Garlic, Nitrogen, chitasan, storage duration, post – harves quality. 

INTRODUCTION 
Garlic (Allium sativium L.) belongs to the 

family Alliaceae. It is one of the most 
important bulb vegetable crops and it is next to 
onion (Allium cepa) in economic importance 
(Hammam et al., 2013). It is commonly used as a 
spice or in the medicinal purpose. The most 
important parts of garlic for medicinal purposes 
are fresh bulbs, dried bulbs, and the oil extracted. 
Garlic contains about 40% dry matter, 6-7% 
proteins, 0.2% lipids, 23-28% carbohydrates, 0.7-
0.9% fiber, 1.1-1.4% ash matter and vitamins, 
especially A, B1, B2, B6 and C (Lošák and 
Wiśniowska, 2006). 

In Egypt, garlic crop is produced for both 
local use and export. Egypt ranks the fourth 
leading country in the world for garlic production 
(260.000 MT) after China, India and Korea (FAO, 
2017). 

Worldwide, postharvest losses in fruit and 
vegetables range from 24-40% or even greater 
reaching up to 50% in developing countries (Iqbal, 
1996). A comprehensive statistics for such losses 
in not available for Egypt, however, it has been 
estimated that the postharvest losses of horticulture 
crops in general may reach up to 25-50%where 
most of the causes of post-harvest losses may be 

due to pre-harvest agricultural practicesbecause the 
quality made in the field. 

The goal of garlic production is a high bulbs 
yield and can be stored for a long time without 
deterioration. The bulbs yield and its quality of 
onioncan be increased by adopting a proper 
package of agricultural practices like: planting 
date, plant density, balanced nitrogen fertilization 
and irrigation schedule (Chung, 1989). Moreover, 
environmental conditions during the growth, 
harvesting, curing and storage as well aspremature 
defoliation, bulb maturation, skin integrity are the 
main factors that effecting on storability (Brewster, 
2008). On the other hand, there is a lack of 
information on the effect of pre-harvest agricultural 
practices, which followed during the growth of 
plants in the field, on the bulbs quality and their 
storability. Therefore, this research was conducted 
to follow the effect of the strategy of nitrogen 
addition, foliar application of chitosan (as a bio-
stimulant) and storage duration on the garlic bulbs 
quality and storability. 

Nitrogen (N) is a vitally important raw 
material required for the growth of plants, where N 
is a central part of the essential photosynthetic 
molecule, chlorophyll (Marschner, 1994), as it is 
an essential constituent of metabolically active 
compounds such as amino acids, proteins, 
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enzymes, coenzymes and some non-proteins 
compounds (Biswas and Mukherjee, 1993). 
Imbalanced and poor strategy of nitrogen addition 
limits yields and induces large losses of reactive 
nitrogen to the environment (Cassman et 
al., 2002); as well as could lead to increase 
physiological disorders of crops after harvest 
(Hewett, 2006). Although, addition of N was lead 
to increase the rates of leaf initiation and extension 
of garlic in early growth (Garcia, 1980; Koltunov, 
1984). Moreover, it improved bulb growth and 
development (Fritsch et al., 1990 and Hossain, 
1997). Excessive application of N at a late 
vegetative stage of onion plant can reduce the bulb 
yield, while inadequate N can hasten maturity and 
limit yield (Batal et al., 1994). However, with 
respect, the effect of nitrogen fertilization on the 
bulbs characteristics in the store (Kebede, 2003 and 
Gebrehaweria, 2007) found that bulbs produced 
from plants fertilized with higher amounts of N 
exhibited less storability with more weight loss 
compared to the garlic bulbs fertilized with lower 
amounts of N. Likewise, application of 100 Kg 
N/ha significantly reduced physiological weight 
loss, rotten and sprouted bulbs of onion bulbs by 
about 4, 7 and 10%, respectively, than the 
application of 150 Kg Nha-1, at 90 days after 
storage periods (Benti, 2017). On the other 
hand,(Dankhar and Singh, 1991) found that the 
total sugar of onion bulbs decreased during storage 
and the reduction was higher at lower dose of 
nitrogen compared to its higher dose. They also 
pointed out that total sugar content during storage 
is considered an index of keeping quality. 

Chitosan is an N-acetylated derivative of 
the polysaccharide chitin and mainly composed 
of glucosamine, 2-amino-2- deoxy-β-D-glucose 
(Freepons, 1991),can be extracted from the 
marine crustaceans (El-Miniawy et al., 2013). It 
is a natural polymer with a poly-cationic nature, 
which has numerous applications in agriculture 
e.g., as soil modifier, films, fungicide, elicitor 
(Deepmala et al., 2014). Moreover, it contains 
nitrogen in the basic unit of its formula 
(C11H17O7N2), which is considered one of the 
most important nourishing elements in plants 
and soil alike (Ibraheim and Mohsen, 
2015).Chitosan has manyroles in improvethe 
growth, productivity and storability of 
postharvest fruits and vegetables (Pilar et al., 
2008 and Yuminet al., 2013). Where, chitosan 
contributes to stimulation of plants immunity 
against microorganisms (Patkowska et al., 2006 
and Gornik et al., 2008).In addition, chitosanis 
enhanced plant growth, development (Ibraheim 
and Mohsen, 2015 and Mondalet al., 2012) and 
improve the transportation of nitrogen (N) in 
the leaves; as a result of that chitosan isa key of 
enzymes activities of nitrogen metabolism: 

nitrate reductase, glutamine synthetase and 
protease (Khan et al., 2002 and Gornik etal., 
2008). Ahmed (2015) reported that foliar 
application of chitosan (4 and 6 ml l-1) lead to 
improve productivity, quality and storability of 
garlic plants grown in clay loamy soil. 

Therefore, this study was conducted in an 
attempt to follow the effect of nitrogen fertilizer 
rates with foliar application of chitosan on post-
harvest quality and storabilitytraits in garlic 
throughout storage durations. 

MATERIALS AND METHODS 
This research is a complementary part of a 

series of field studies, which conducted to 
evaluate effects of pre-harvest nitrogenous 
fertilizer application and foliar application of 
chitosan on the postharvest quality and storability 
of garlic bulb. The experiments were conducted at 
the Experimental Station Farm of the Faculty of 
Agriculture, Alexandria University, Abies, 
Alexandria, Egypt. 

Before the initiation of the field trial, some 
important physical and chemical properties of the 
experimental site soil (0–30 cm),were estimated 
according to the published procedures by 
(A.O.A.C.1992). The soil texture was clay loam 
(34.2 % sand, 22.3% silt and 43.5 % clay) with 
pH= 7.93, and EC= 3.21dS m-1. Available soil N, 
P and K were 0.13%, 0.27 mgkg-1and                         
0.39 m.eql-1, respectively. 
Planting and agronomic practices 

Sids-40 garlic verity was used for the study. It 
is known by its big clove size, easy peer, whose 
mature cloves have bright white skin with purple 
vertical stripes. Garlic cloves were planted upright 
with the apical tip on the two sides of the rows 4m 
length and 60 cm apart with a spacing of 10 cm 
between plants, on September 10, 2016.All 
agricultural practices were done as commonly 
followed in the commercial production of garlic.  
Treatments and experimental design 
Field experiment 

The field experiment included 16 
treatments, which were the combinations of four 
levels of chitosan (0, 1, 2 and 3 mll-1) under four 
rates of nitrogen fertilizer (0, 50, 100 and150 Kg 
Nfed-1).The experimental design used was the 
split-plot system in a Randomized Complete 
Blocks Design with four replications. The N 
rates were, randomly, arranged in the main 
plots, while chitosan levels were, randomly, 
distributed in the sub-plots. Each sub-plot 
contained four rows having an area of 9.6 m2. 
Nitrogen fertilizer rates were added at three 
applications; 30, 120 and 140 days after planting. 
The first dose of the nitrogen fertilizer was added as 
urea (46% N), while the remaining doses were 
added as ammonium nitrate (33.3%N). While, 
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chitosan levels were applied twice as foliar 
application after 120 and 135 days from planting 
date. 
Post-harvest experiment 

At harvest, whole garlic plants of each 
experimental unit were harvested. Harvested 
garlic bulbs were cured, for 21 days, in a clean, 
shaded, well-ventilated and dry room, at 
temperature (25ºc ±2).After finishing curing 
process, sorting bulbs was done, where forty bulbs 
were selected randomly from each experimental 
unit and then divided into two groups,20 bulbs 
pergroup. 

The postharvest experiment included 48 
treatments, which were the combinations of 
three storage durations (2, 4& 6 months) under 
four levels of chitosan (0, 1, 2 and 3 mll-1) under 
four rates of nitrogen fertilizer (0, 50, 100 and 
150 Kg Nfed-1).The experimental design used 
was the split-split-plot system in a Randomized 
Complete Blocks Design with four replications. 
The N rates were randomly arranged in the 
main plots, while chitosan levels were 
randomly distributed in the sub-plots, while 
storage durations were randomly distributed in 
the sub-sub-plots. Each sub-sub-plot consisted 
of 20 bulbs were devoted to the estimation of 
weight loss and other 20 bulbs were allocated 
for estimating other measurements. 
Data recorded: 
1-Weight loss %: 

After the end of the curing process, weight of 
garlic bulbs for each experiment unit was 
recorded, at the beginning and end of each  storage 
duration (two months, four months and six 
months). The weight loss of each storage  duration 
was then calculated by subtracting the final weight 
of garlic bulbs at the end of each storage duration 
from the initial weight at the start storage. The 
results were then expressed in percentage using 
following formula: 

WL %= [(Wi–Wf )/Wi] (100) 
Where: WL% = percentage weight loss for each 
storage duration, Wi=initial bulbs weight in g at 
the start storage, Wf=final bulbs weight in g at the 
end each storage duration. 
2- Dry matter of bulb (%): 

At the end each storage duration (after 2, 4, 6 
months), random samples of 100 grams of cloves 
from each experimental unit were taken and oven 
dried at 70 ºC until constant weight. Dry matter of 
the bulb was calculated as the ratio between dry 
and fresh mass, and expressed as a percentage  
3-Total soluble solid (T.S.S. %): 

The total soluble solids in the bulbs were 
measured by using a digital refractmeter, at the end 
each storage duration (after 2, 4, 6 months). It was 
determined for five random bulbs obtained from 

each sub-plot it was taken from the juice of each 
bulb and the average was calculated. 
4.  Total carbohydrate in bulbs (%): 

It was measured in dry matter of bulb, at the 
end storage duration (after 2, 4, 6 months), 
according to (A.O.A.C., 1992). 
5.  Nutrient concentrations (N, P, K): 

Nitrogen, phosphorus and potassium contents 
were determined in the garlic bulbs before storage 
and at end storage duration i.e., after 6 months 
only. Where, the bulbs tissues were dried at 70 ºC 
until constant weight. The dried bulbs were ground, 
then a 0.3 g sample were digested with H2O2 
according to (A.O.A.C., 1992). Nitrogen, 
phosphorus and potassium were colorimetrically 
determined according to the methods described in 
(A.O.A.C., 1992).  
6.  Protein content percentage:  

Protein content was determined by using the 
previous determination of nitrogen content of 
garlic bulbsbefore storage and at end storage 
duration. 
Statistical Analysis: 

All obtained data was subjected to the analysis 
of variance techniques used the design by the Co-
state computer software program (Snedecor and 
Cochran,1980).The comparisons among means of 
the different treatments were carried out, using 
the revised LSD test at (P>0.05). 

RESULTS AND DISCUSSION 
The results concerning the effects of the three 

studied factors as well as their interactions on the 
percentage of weight loss and chemical composition 
characters of garlic bulbs, which included T.S.S, dry 
matter and total carbohydrate of garlic bulbs, are 
shown in Figures (1-3) and Tables (1-4). 

The different comparisons, obviously, indicated 
that percentage of weight loss and chemical 
composition of garlic bulbs (T.S.S, dry matter and 
total carbohydrate) increased significantly and 
successively as the N-dosewas increased up to 150 
kg Nfad-1 (Fig.1). This may be explained on the base 
that increase the nitrogen fertilizer rateslead to 
increase the water content of the garlic cloves, 
resulting in increased the weight loss of garlic bulbs 
during storage, which may bedue to increased rate 
of respiration, which contributes to increased T.S.S, 
dry matter and total carbohydrate of garlic bulbs. 
The current results are in harmony with those 
reported by (Tekalignetal., 2012 and Benti, 2017). 
Moreover (Kebede, 2003 and Gebrehaweria, 2007) 
found that bulbs fertilized with higher amounts of N 
exhibited less storability with more weight loss 
compared to garlic bulbs fertilized with lower 
amounts of N. However, (Diriba- Shiferaw et al. 
2013) reported that higher rates of fertilizers 
improved storability and quality of garlic bulbs. 
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Fig.1: Effect of nitrogen rates on weight loss, T.S.S, dry matter and total carbohydrates percentages of 
garlic bulbs. 

 
 

 

 

 

  

 
Fig. 2: Effect of chitosan levels on weight loss, T.S.S, dry matter and total carbohydrates percentages of 

garlic bulbs. 
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Fig. 3: Effect of storage durations on weight loss, T.S.S, dry matter and total carbohydrates   
percentages of garlic bulbs. 

Table 1: Weight loss, T.S.S, dry matter and total carbohydrates (%) of garlic bulbs as affected by first 
order interaction between nitrogen rates and  chitosan levels. 

Treatments combination 
Weight Loss 

 (%) 
T.S.S 
(%) 

Dry Matter 
 (%) 

Total 
carbohydrates 

(%) 
Nitrogen rates 
(Kg fed-1.) 

Chitosan levels 
(ml l-1) 

 

0 23.60gh* 29.11  l 30.28  m 25.09     i 
1 22.65   hi 29.92  k 30.65 lm 25.10      i 
2 21.62    ij 30.72  j 31.10    l 26.47     h 

 
 
0 

3 20.78     j 31.29  j 31.81   k 27.10    h 
0 25.22 d-f     33.58   i         32.40  jk 27.20     h 
1 24.79e-g  34.85  h 33.09  ij 29.00     g 
2 24.29   fg 35.49 gh 33.53  hi 29.18     g 

 
50 

3 23.61  gh 36.05   g 34.12  gh 29.50   f-g 
0 26.81  a-c 37.38   f 34.67    g 30.07   e-g 
1 26.21 b-d 37.79  ef 35.60    f 30.61   d-f 
2 25.58  c-f 38.23  de 36.32  e 30.80   de 

 
100 

3 25.02 d-f 38.83  cd 37.06  d 31.43   cd 
0 27.96   a 38.98  cd 37.70 cd 32.28    c 
1 27.74   a 39.49  bc 38.30   c 32.40 bc   
2 27.12  ab 39.99  ab 39.08   b 33.34 ab 

 
150 

3 25.94 b-e 40.62    a 40.17   a 34.06   a 
*Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ, using 
revised L.S.D. test at 0.05 level. 
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Table 2: Weight loss, T.S.S, dry matter and total carbohydrates (%) of garlic bulbs as affected by first 
order interaction between nitrogen rates and storage duration. 

Treatments combination 

Weight loss  

(%) 

T.S.S 

(%) 

Dry Matter 

 (%) 

Total 

carbohydrates 

(%) 

Nitrogen rates 

(Kg fed-1.) 

Storage duration 

(month) 

 

2 21.25 f* 30.19  i 31.34  h 27.90   f 

4 24.01  e 31.34  h 32.42  g 26.35   g 

 

0 

6 21.28 f 29.25  j 29.12  i 23.57   h 

2 24.12  e 35.25  f 33.38  f 30.25   d 

4 25.19   d 36.49  g 35.16  e 28.95   e 

 

50 

6 24.22  e 33.24  g 31.31  h 27.62   f 

2 25.81  c 37.84  d 36.66  d 32.08   b 

4 26.11  c 39.02  c 37.53  c 31.00   c 

 

100 

6 25.81  c 37.32  d 33.56  f 29.53 de 

2 27.08  b 39.83  b 39.24  b 34.05   a 

4 27.45  a 40.62  a 40.95  a 32.76   b 

 

150 

6 27.06  b 38.86  c 36.25  d 31.21   c 
*Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ, using 
revised L.S.D. test at 0.05 level. 

Table 3: Weight loss, T. S. S , dry matter and total carbohydrates (%) of garlic bulbs as affected by first 
order interaction between chitosan levels and  storage duration. 

Treatment combinations Weight loss 

(%) 

T.S.S 

(%) 

Dry matter 

(%) 

Total  

Carbohydrate 

 (%) 

Chitosan levels 

(ml l-1) 

Storage duration 

(month) 

 

2 25.71  bc* 34.63 gh 34.41  f 29.94  d 

4 26.27    a 35.80  ef 35.46  d 28.58  f 

 

0 

6 25.73   bc 33.86    i 31.68  j 25.68  h 

2 25.06    d 35.55    f 34.85  e 30.80  bc 

4 25.93  ab 36.62  cd 36.06  c 29.21  ef 

 

1 

6 25.08    d 34.36  hi 32.31  i 27.83  g 

2 24.25    e 36.15  de 35.36  d 31.48  ab 

4 25.47    c 37.26  ab 36.79  b 30.28  cd 

 

2 

6 24.28    e 34.91    g 32.87  h 28.85   f 

2 23.22     f 36.78  bc 36.26  c 32.05  a 

4 25.09    d 37.79   a 37.74  a 31.00  bc 

 

3 

6 23.24     f 35.79    f 33.37  g 29.58  dc 
*Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ, using 
revised L.S.D. test at 0.05 level. 
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Table 4: Weight loss, T.S.S, dry matter and total carbohydrates (%) of garlic bulbs as affected by 
second order interaction of nitrogen,chitosan and storage duration. 

Total 
carbohydrates 

(%) 

Dry matter 
(%) 

T.S.S 
(%) 

Weight loss 
(%) 

Treatments combination 

 Storage 
duration 
(month) 

Chitosan 
levels 

(ml l-1) 

Nitrogen 
 rates 

(Kg fed-1) 
26.80  tu 30.37  r-t 28.75     y 22.87p-q* 2 
26.74  tu 31.97    q 30.05  wx 25.07 i-m 4 
21.75   w 28.50  t-v 28.55     y 22.87 pq 6 

 
0 

27.37  s-u 31.07  q-s 29.96   wx 21.88 qr 2 
24.94   v 32.12    pq 30.87   vw 24.22 l-o 4 
23.00   w 28.75  t-v 28.92      y 21.89 qr 6 

 
1 

28.51   q-s 31.57   qr 30.62   vw 20.75 rs 2 
26.39     u 32.25  o-q 32.05     u 23.38n-p 4 
24.50    v 29.50  s-u 29.50   xy 20.75  rs 6 

 
2 

28.93   o-r 32.35  o-q 31.44    uv 19.50    s 2 
27.33   s-u 33.35  m-o 32.40    tu 23.34 n-p 4 
25.05      v 29.75   s-u 30.02   wx 19.58     s 6 

 
3 

 
 
 
 
 

0 
 
 
 

29.10   n-r 32.60   n-p 33.76     rs 25.00 i-m 2 
27.51   s-u 34.37   j-k 34.95    pq 25.69 e-k 4 
24.98     v 30.25   r-t 32.05      u 25.00 i-m 6 

 
0 

30.22    k-n 33.05  n-p 35.13    pq 24.50 k-n 2 
28.89   p-r 34.97   i-k 36.27    no 25.38 g-l 4 
27.90   r-t 31.25   q-s 33.15     st 24.51k-n 6 

 
1 

30.66   j-l 33.62  l-n 35.85   op 23.88m-p 2 
24.42   l-q 35.22   g-i 37.04  l-n 25.12 h-m 4 
28.41   q-s 31.75   qr 33.57   rs 23.87 m-p 6 

 
2 

31.01   jk 34.27  j-l 36.25    no 23.12 o-q 2 
30.00   k-p 36.10    g 37.72   j-m 24.59 k-n 4 
29.18   n-q 32.00   pq 34.20     qr 23.15 o-q 6 

 
3 

 
 
 
 
 

50 

30.87    jk 35.00   h-j 37.05   l-n 27.01 a-e 2 
29.26  n-q 36.52      f 38.17   g-k 26.46 b-g 4 
27.41   s-u 32.50   n-p 36.92    mn 27.45 a-d 6 

 
0 

31.82   g-j 36.20     g 37.57  k-m 27.00 a-e 2 
30.61   j-m 37.12   ef 38.77      f-i 26.12 d-i 4 
29.39  m-q 33.50   l-n 37.02    l-n 26.40 c-h 6 

 
1 

32.46  e-h 337.15  d-f 38.05   h-l 26.12 d-i 2 
31.66   h-j 38.07   de 39.20   d-g 25.37 g-l 4 
30.16   k-o 33.75   k-n 37.45  k-m 26.02 b-g 6 

 
2 

33.16   b-f 38.30   de 38.67    f-j 25.37 g-l 2 
32.48  e-h 38.40   de 39.93  b-e 24.75 j-m 4 
31.19   i-k 34.50   j-k 37.90  i-m 25.57 f-k 6 

 
3 

 
 
 
 
 

100 

33.00  c-g 38.60   de 38.97   e-h 24.78 j-m 2 
30.81   jk 39.00     d 40.02  n-m 28.00    a 4 
28.59  q-s 35.50   gh 37.95   hm 27.89    a 6 

 
0 

33.79   b-d 39.10     d  39.55    c-f 28.09    a 2 
32.39   f-i 40.05     c 40.57   a-c 27.78   ab 4 
31.02   jk 35.75   gh 38.35   g-k 27.74  ab 6 

 
1 

34.30   ab 39.12     d 40.07  a-d 27.79  ab 2 
33.66  b-e 41.62    b 40.77  ab 27.09  a-e 4 
32.34    f-i 36.50    f 39.12  d-g 27.38  a-d 6 

 
2 

35.11    a 40.15   c 40.75  ab 27.08  a-e 2 
34.19  a-c 43.12   a 41.10    a 25.58   f-l 4 
32.89   d-h 37.25  d-f 40.02 b-d 26.82  a-f 6 

 
3 

 
 
 
 

150 

*Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ, using 
revised L.S.D. test at 0.05 level. 
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Results in Fig. (2) showed that concentration of 
chitosan had marked and significant effects on the 
weight loss and chemical composition  characters of 
garlic bulbs. Increasing chitosan concentration up to 
3 ml l-1 was accompanied by successive and 
significant increases in the percentage T.S.S, dry 
matter and total carbohydrate, as well as successive 
and significant decreases in the weight loss of garlic 
bulbs. These results may be due to the stimulatory 
effect of chitosan on growth parameters, where 
chitosan was added through enlargement bulb stage, 
which may be led to an increase in the content of the 
total soluble solids, dry matter and carbohydrates 
percentages of garlic bulbs, which contributed to the 
reduction of weight loss during storage. These 
obtained results seemed to be in general agreements 
with those reported by (Abdel-Mawgoud et al. 
2010, Shehata et al. 2012 and  Ahmed 2015) who 
reported that weight loss of the garlic bulbs was the 
least  and  total carbohydrate  was the highest with 
the application of chitosan (6 and 4 ml l-1). 

The results presented in Fig. (3) showed that 
weight loss, total soluble solids (T.S.S) and dry 
matter percentages of garlic bulbs gradually 
increased with increase the storage duration up to 4 
months and then found to be decreased at the end of 
the storage duration (6 months).While, increasing 
the storage duration from 2 to 4 and 6 months 
reflected corresponding and significant decreases in 
percentage of carbohydrate. This result can be 
explained based on increased respiration rate and 
bioactivity of garlic bulbs, especially, during the 
second storage duration (2-4 months), which leads 
to the consumption of carbohydrate and increase 
water loss. This result is agreement with reported by 
(Brewster ,2008) who found that in storage, as time 
progresses, the rate of respiration increases of garlic 
bulbs. Moreover, Hansen (1999) who found that 
carbohydrate content is significantly decreased 
during storage, mostly due to increased respiration, 
which consequently results in higher nitrogen and 
protein contents in the dry matter. 

The statistical comparisons listed in Table (1) 
illustrated the presence of significant interaction 
effects between nitrogen fertilizer rates and chitosan 
levels on the stored garlic bulbs characters, where 
increase chitosan level up to 3 ml l-1under any rate 
of nitrogen was associated with significant decrease 
in the percentage of weight loss of garlic bulbs. 
However, the combination between the nitrogen at 
rate 150 kg fed-1 and control treatment of chitosan 
(0 ml l-1)or used 1 ml l-1 of chitosan gave the highest 
mean values of weight loss of the stored garlic 
bulbs. Moreover, the results presented in Table (1) 
showed that the highest values of T.S.S, dry matter, 
and total carbohydrate characters of stored garlic 
bulbs were recorded from treatment combinations 
involving the highest nitrogen fertilizer rate (150 kg 
fed -1) and  the highest  level  of chitosan (3 ml l-1 ). 

With respect to the interaction effects between 
nitrogen rates and storage durations, the results in 
Table (2) showed that the highest estimated values 
of the weight loss, T.S.S. and  dry matter 
percentages were obtained from the treatment 
combinations of the highest nitrogen rate (150 kg 
fed-1) with the second storage duration (2-4 
months).In addition, the treatment combination of 
the highest nitrogen level (150 kgfed-1) with the first 
storage duration (2 months) gave a high value of 
total carbohydrate percentage. 

Concerning the interaction effects between 
foliar application of chitosan and storage durations, 
the results in Table(3) illustrated that the lowest 
value of the weight lossof garlic bulbs was achieved 
with the treatment combination that involved foliar 
application of chitosanat rate  3 ml l-1 and storage 
duration two months or six months. While, the 
results indicated that the highest estimated values of 
the T.S.S. and dry matter percentages were obtained 
from the treatment combinations of the foliar 
application of chitosanat rate   3 ml l-1with the 
second storage duration (2-4 months).Furthermore, 
the treatment combination of the highest chitosan 
concentration (3 ml l-1) with the first storage 
duration (2 months) gave a high value of total 
carbohydrate percentage. 

 Results presented in Table 4 showed the 
second–order interaction effects for the three studied 
factors on the weight loss, T.S.S, dry matter and 
total carbohydrate. The results showed that the 
highest mean value of weight loss of stored garlic 
bulbs was obtained from garlic plants that fertilized 
by high level of nitrogen (150 kg fed-1), untreated by 
chitosan and stored to 2-4 months. However, in the 
case of T.S.S., dry matter percentages, the treatment 
combination of nitrogen at rate 150 kg fed-1 with the 
use of the highest concentration of chitosan 3 ml l-1 
and storage duration up to 4 months gave the 
highest means. While, the highest value of total 
carbohydrate percentage was given by highest N 
rate 150kg fed-1 with the use of the highest 
concentration of chitosan 3 ml l-1 and the first 
storage duration (2 months). 

With respect to the effect of nitrogen rates on 
protein, N, P, and K percentages of garlic bulbs, the 
results in Fig.(4) indicated that increasing the 
applied level of nitrogen fertilization from 50 to 100 
and 150 kg fed-1 reflected corresponding and 
significant increases on protein, N, P, and K 
percentages of garlic bulbs whether before or after 
storage. 

The effects of the different levels of chitosan on 
the protein, N, P, and K percentages of garlic bulbs 
are showed in Fig.(5). The results illustrated that 
protein, N, P, and K percentages of garlic bulbs 
whether before or after storage reflected significant 
increases with each increase in applied chitosan 
concentrations. These results agreed, in general, 
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with those reported by (Fawzy et al.2012) clearly 
revealed that foliar spraying chitosan at rate of                  
3 cm l-1 had significantly effected on contents of 
protein and nitrogen of Chinese garlic. Similar 
results were also obtained by (Saif El-deen et al. 
2014) on artichoke plants.  

The results in Table 5 showed that the 
interaction effect between nitrogen fertilizer and 
chitosan treatments had significant effects on N and 
protein contents of garlic bulbs whether before or 
after storage. The highest mean values for N and 
protein contents of garlic bulbs whether before or 

after storage and K content before storage were 
obtained when garlic plants were fertilized with 150 
Kg N fed-1 and sprayed with 3 ml l-1 chitosan. On 
the other hand, there were no significant effects due 
to interaction between nitrogen and chitosan on P 
whether before or after storage and K contents after 
storage of garlic bulbs.  

Generally, it could be concluded that pre-
harvest applications of nitrogen and chitosan 
reduced the percentage of weight loss and improve 
storability of garlic bulbs. 

  

 

  

Fig. 4: Effect of nitrogen rates on protein, N, P, and K percentages of garlic bulbs before and after 
storage. 

 

 

 

 

 

 

 

 
Fig. 5: Effect of chitosan levels on protein, N, P, and K percentages of garlic bulbs before and after 

storage. 
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Table 5: Nitrogen, phosphorus, potassium and protein content (%) of garlic bulbs, before and after 
storage, as affected by interaction between nitrogen rates and chitosan levels. 

*Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ, using 
revised L.S.D. test at 0.05 level. 

REFERENCES 
A. O. A. C. 1992. Official Methods of Analysis, 12th 

Ed. Association of official Analysis Chemists, 
Washington, DC. U.S.A.1359p. 

Abdel-Mawgoud, A.M.R., Tantawy, A.S., El-Nemr, 
M.A. and Sassine, Y.N.2010. Growth and yield 
Responses of strawberry plants to Chitosan 
application. European J. Sci. Res., 39 (1), 170-
177. 

Ahmed, M. E. M. 2015. Response of garlic plants 
(Allium sativum L.) to foliar application of 
some bio-stimulants. Egypt. J. Hort. Vol. 42, 
No.1, pp. 613- 625. 

Batal, K.M., Bondari, K., Granberry, D.M., and  
Mulinix, B.G. 1994. Effects of source, rate and 
frequency of N application on yield, marketable 
grades and rot incidence of sweet onion Allium 
L.C. Granex 33. Journal of Horticultural 
Science. 69(6), 1043-1051. http://dx.doi.or 
g/10.1080/00221589.1994.11516543. 

Benti, G.2017. Influence of nitrogen rate and 
varieties on storage periods of onion (Allium 
cepa L.) in fedis distric ,Eastern Ethiopia. Inter. 
J. of Info. Res. and Revi., 4: 40-97 

Biswas, T.D., and Mukherjee, S.K. (1993). 
Textbook of Soil Science. (5th Ed.). Tata 
McGraw-Hill, New Delhi. Pp 170-197. 

Brewster, J. l. 2008. Onions and other vegetable 
Alliums. CABI publishing. Walling ford, 
uk.236 p. 

Cassman, K., A. Dobermann and D. Walters. 2002. 
Agroecosystems, nitrogen use efficiency and 
nitrogen management. Ambio 31(2): 132-140. 

Chung,B.1989. Irrigation and bulb onion quality. 
Acta hort., 247: 233-237. 

Dankhar, B.S., and Singh, J. (1991). Effect of 
Nitrogen, Potash and Zinc on storage loss onion 
bulbs (Allium cepa L.). Journal of Vegetation 
Science. 18, 16-23. 

Deepmala, K., A Hemantaranjan, Bharti Singh and 
A Nishant Bhanu. 2014. A future perspective in 
crop protection: Chitosan and its 
oligosaccharides. Advances in Plants & 
Agriculture Research, 1(1): 00006. 

Diriba-shiferaw, G.; K. Woldetsadik; Nigussie-
Dechassa R., G.Taborand J. J. Sharma. 2013. 
Postharvest quality and shelf life of garlic bulb 
as influenced by storage season, soil type and 
different compound fertilizers. J. of  postharvest 
technology 1(1) 69: 83. 

El-Miniawy, S.M., M.E. Ragab, S.M. Youssef  and 
A.A. Metwally .2013. Response of Strawberry 
Plants to Foliar Spraying of Chitosan. Res. J. 
Agric. and  Biol. Sci., 9(6): 366-372. 

FAO, 2017. Statistical Yearbook. Food and 
Agriculture Organization (FAO), Rome, Italy. 

Fawzy, Z.F., Z.S. El-Shal, L. Yunsheng, O. Zhu and 
O. M. Sawan. 2012. Response of Garlic (Allium 
Sativum, L.) Plants To Foliar Spraying of Some 
Bio- Stimulants Under Sandy Soil Condition J. 
Appl. Sci. Res., 8(2): 770-776.  

Protein%  K %   P %   N %  Treatments 

After 
Storage 

Before Storage After  
Storage 

Before 
Storage 

After  
Storage 

Before 
Storage 

After 
Storage 

Before 
Storage 

Chitosan 
levels 

(ml l-1) 

Nitrogen 
rates 

(Kg fed-1) 

4.07 k 4.64 m 1.56 a    1.61  k 0.28 a    0.37  a 0.67 k   0.74m* 
4.39 jk 4.92  l 1.58 a   1.65  k 0.31 a   0.38  a 0.70 jk 0.78  l 

4.71  j 5.25  k 1.62 a    1.73   j 0.35 a    0.40  a 0.75 j     0.84 k  

5.23  i 5.82 j   1.70 a    1.83   i 0.38 a    0.39  a 0.84 i     0.93  j  

0  
1 
2 
3 

 
0 

 

5.68  h 6.39  i 1.77 a    1.90  h 0.38 a    0.41  a 0.91 h    1.02 i   
6.39  g 7.09  h 1.80 a    2.00 g 0.41 a    0.42  a 1.02 g    1.13 h  

6.75  f 7.23  h 1.82 a   2.11  f 0.43 a   0.44 a 1.08 f    1.15  h 

6.95  f 7.92  g 1.91 a    2.19  e 0.44 a    0.44  a 1.11 f     1.26 g 

0  
1 
2 
3 

               
               
         50 

7.32  e 8.00 fg 1.97 a    2.20  e 0.46 a   0.52  a 1.17 e    1.28 fg 

7.53  e 8.21  f 2.01 a   2.27  d 0.50 a    0.55  a 1.20 e    1.31  f 

7.62  e 8.64  e 2.08 a    2.31  d 0.54 a    0.63  a 1.22 e    1.38  e 

8.14  d 8.75 de  2.10 a    2.31  d 0.60 a    0.65  a 1.30 d    1.40de 

0  
1 
2 
3 

               
               
         100 

 

8.28  d 8.92  d 2.19 a    2.37  c 0.60 a    0.65  a 1.32 d    1.42  d 
8.67   c 9.50   c 2.24 a    2.41  c 0.61 a    0.71  a 1.39 c    1.52  c 

9.10  b 9.96  b  2.30 a     2.49  b 0.70 a    0.72  a 1.46 b    1.59  b 

9.56  a 10.32 a 2.33 a    2.56  a  0.71 a    0.73  a 1.53 a    1.65 a  

0  
1 
2 
3 

               
               
         150 



Alex. J. Agric. Sci.                                                                                        Vol. 62, No.6, pp. 383-394, 2017 

 393 

Freepons, D., (1991). Chitosan, does it have a place 
in agriculture? Proceedings of the Plant Growth 
Regulation Society of America, pp 11-19. 

Fritsch, F. N., N. G. Christian and E. R. Ferreya. 
1990. Response of garlic (Allium sativum L.) 
cv. Espanol INIA to nitrogen 
fertilization. Investigation Agricola 10 (2): 85-
89 [Cited from Hort., 66 (10): 990,1992]. 

Garcia, A. 1980. Sprouting before harvest in garlic. 
Commun. Tech. Emp. Bras. Pesqui. 
Agropecu. Pelotas 9: 3 

Gebrehaweria, T. (2007). Effects of Mulching, 
Nitrogen and Phosphorus on Yield and Yield 
Components of Garlic (Allium sativum L.) at 
Alshaday, Eastern Zone of Tigray, Northern 
Ethiopia. An M.Sc. Thesis submitted to the 
School of Graduate Studies of Haramaya 
University, Ethiopia. Pp 22-62. 

Gornik K, Grzesik M, Duda BR (2008) The effect 
of chitosan on rooting of gravevine cuttings and 
on subsequent plant growth under drought and 
temperature stress. J Fruit Ornamental Plant 
Res 16: 333-343. 

Hammam, I. L., U.1. Ibrahim and A. B.Mohammed. 
2013. Growth, yield and economic performance 
of garlic(Allium sativum L.) as influenced by 
farm yard manure and spacing in Zaria, Nigeria. 
Journal of Agricultural Economics and 
Development 2(1), 001-005 

Hansen, S.L1999 Content and composition of dry 
matter in onion (Allium cepa) asinfluenced by 
their developmental stage at time of harvest, 
and long-term storage. Acta Agric. Scand. Sect. 
B49: 103–109. 

Hewett, E.W.2006. An overview of postharvest 
factors in fluencing postharvest quality of 
horticultural products. Inter. J. of postharvest 
Innovation, 1: 4-15. 

Hossain, M. M. 1997. Effect of different levels of 
nitrogen and potash on the growth and yield of 
garlic. M.S. Thesis. Dept. of Hort., Bangladesh 
Agril. Univ.,Mymensingh, p. 65. 

Ibraheim; S. Kh. A. and A. A. M. Mohsen .2015. 
effect of chitosan and nitrogen rates on growth 
and productivity of summer squash plants. 
Middle East J. Agric. Res., 4(4): 673-681. 

Iqbal, M.1996. Type and extent of postharvest 
losses in horticultural commodities  in Pakistan. 
In proceedings of national conference on 
postharvest technology of horticulture 
commodities, 10-12. 

Kebede, W. (2003). Shallot (Allium cepa var. 
ascalonicum) Responses to Plant Nutrients and 
Soil Moisture in a sub-humid Tropical Climate. 
Doctoral Thesis. Swedish University of 
Agricultural Sciences, Alnarp, 2003. 

Khan WM, Prithiviraj B and Smiyh DL (2002) 
Effect of foliar application of chitin 
oligosaccharides on photosynthesis of maize 
and soybean. Photosynthetica 40: 621-624 

Koltunov, V.A. 1984. Effect of different fertilizer 
rates and garlic productivity and 
storability. V’isn. Sil’s kogospodars koi 
Nauki. 11 pp 52-54. 

Lošák, T., and B. Wiśniowska, 2006. Fertilization of 
garlic (Allium sativumL.) with nitrogenand 
sulphur. Vol. lxi.AnnalesUniversitatisMariae 
curie-Skłodowska Lublin – Polonia. 50p. 

Marschner, H. 1994. Mineral nutrition in higher 
plants, 2nd ed. Academic press London. 196 p. 

 Mondal M.M.A., M.A. Malek, A.B. Puteh1, M.R. 
Ismail, M.  Ashrafuzzaman and L. Naher .2012. 
Effect of foliar application of chitosan on 
growth and yield in okra. A.J.C.S. 6(5): 918-
921.  

Patkowska E, Pieta D, Pastucha H (2006). The 
effect of biochikol 020 pc on microorganisms 
communities in the rhizosphere of Faba bean 
plants. Polish Chitin Sco Monograph 11: 171-
178. 

Pilar H.M., E. Almenar, V. D. Valle, D.Velez  and 
R. Gavara .2008. Effect of chitosan coating 
combined with postharvest calcium treatment 
and shelf life of stewed-pork during refrigerated 
storage. Food Chemistry. 141: 1655–1660 

Saif  El-deen, U. M.; M. M. B. Shokr and R. S.EL 
shotoury. 2014. Effect of foliar spray with 
seaweeds extract, chitozan levels and their 
combination on growth, earliness, and 
productivity.  J. Plant Production,  Mansoura 
Univ., Vol. 5 (7): 1197-1207. 

Shehata, S.A., Fawzy, Z.F. and El-Ramady, H.R. 
(2012) Response of cucumber plants to foliar 
application of chitosan and yeast under 
greenhouse. Australian J. Basic Appl. Sci., 6 
(4), 63-71.  

Snedecor, G. W. and W. G. Cochran. 1980. Statical 
method, 7th Edn. Ames: Lowa state University 
Piress. 507 pp. 

Tekalign, T., T. Abdissa and L. M. Pant. 2012. 
Grwoth, bulb yield and quality of onion 
(Alliumcepa L.) as influenced by nitrogen and 
phosphorus fertilization on vertisol. II Bulb 
qulity and storageability.  African J. of Agri. 
Res. Vol. 7(45),: 5980 -5985 

Yumin, C., W. Gu, J. Zhang, Y. Chu, X. Ye, Y. Hu 
and J. Chen. 2013.  Effects of chitosan, aqueous 
extract of ginger, onion and garlic on quality. 
Food Chemistry 141: 1655–1660.  

 
 
 



Vol. 62, No. 6, pp. 383-394, 2017                                                                                    Alex. J. Agric. Sci. 

 394 

II  

 

N

NPK

 


