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ABSTRACT 
 

Two field trials were conducted on garlic clone Sids-40, in the vegetable private Farm at Kafr Meet Faris, Dakahlia Governorate, 
during 2015/2016 and 2016/2017 seasons to study the effect of sulphur fertilizer levels (150 , 300 and 450 kg S/fed ) and spraying with 
some natural stimulants (yeast, moringa and chitosan ) on plant growth, yield and its components, as well as chemical constituents and 
storability of bulbs. In general, plants fertilized with sulphur elemental were better than unfertilized plants. Increasing of applied sulphur 
level from 150 to 450 kg S/fed significantly improved all studied growth characteristics, yield and its components in addition to chemical 
constituents, bulbing ratio and number of cloves/bulb which had a better values  in both seasons. Moreover, sulphur application at 450 
kg/fed significantly increased concentrations of N, P, K, S, TSS % and volatile oils in cloves and enhanced storability. Foliar spray garlic 
plants 3 times past 45 , 60 and 75 days from planting with chitosan (200 mg/L) exceeded other foliar spray with some natural stimulants 
and formed the highest means of whole studied growth characteristics, yield and its components, chemical constituents and enhanced 
bulbing ratio, number of cloves/bulb storability in both seasons. The best results were obtained by application of 450 kg S/fed and foliar 
spray with chitosan. This treatment achieved reduces weight loss at the end of the storage period reached to 20.3% and 20.5% in the first 
and the second seasons respectively comparing with the untreated ones.  Therefore, this treatment could be recommended for raising 
garlic yield and improving bulb quality during the storage period under similar conditions to this work.   
 

INTRODUCTION 
 

Garlic (Allium sativumL.) is one of the most 
important bulb vegetable crops and is next to onion in 
importance. Increasing garlic yield and improving bulb 
quality depends on many factors especially that influence 
the plant growth throughout the growth period.  

Sulphur (S) is an essential plant nutrient and its role 
in balanced fertilization and consequently in crop 
production is being increasingly appreciated. It is necessary 
for synthesis of amino acids like cystine, cystiene and 
methionine a component of vitamin A and activates certain 
enzyme systems in plants (Marschner, 2012). Application 
of sulphur element has an important role in soil pH decline 
that improved accessibility of some nutrient elements such 
as P, Fe, Zn, Mn and Cu which were reflected on plant 
uptake and growth (Dahdouh et al., 1993; Mehana, 1994 
and Mehana and Farag, 2000). Several investigators 
reported that garlic plants growth, yield and its quality as 
well as N, P and K content in the plant tissues and bulbs 
were affected by sulphur application rate. In this respect,  
El-Morsy  (2005), Jaggi and Raina (2005), Farooqui et al. 
(2009), Hore et al. (2014), Assefa et al. (2015), Youssif et 
al. (2015), Babaleshwar (2017), Patidar et al. (2017) and 
Shete et al. (2018) found that plant growth, total yield and 
quality were increased significantly with increasing level 
of applied sulphur. 

Foliar application of natural stimulant substances is 
a widely used practice to correct nutritional deficiencies in 
plants caused by improper supply of nutrients to roots. In 
this regard, El-Morsy et al. (2011) found that foliar 
application garlic plants with yeast extract at 50 ml/L gave 
rise to significant increases in total yield, bulb weight and 
diameter and clove weight compared with the other 
treatments. Fawzy et al. (2012) showed that spraying of 
Chinese garlic plants with bio-stimulants among them 
chitosan had a significant effect on yield and chemical 
constitutes. They concluded that spraying of chitosan at 
rate of 3 cm/L let to obtain the highest values of total yield 

per feddan as tons and average bulb diameter of Chinese 
garlic plants. Shalaby and El-Ramady (2014) indicated that 
foliar application with yeast showed the heaviest bulb 
weight and highest total bulb yield. Ahmed (2015) 
revealed that foliar application with dry yeast (3 or 4 g/L) 
or chitosan at 4 or 6 ml/L at 30, 45, 60 and 75 days from 
planting date effectively increased bulb yield and its 
components in both seasons. Hegazi et al. (2016) showed 
that spraying with moringa leaves extract 10 g/L increased 
average cured bulb diameter and weight, curing yield, 
blubs dry matter % and chemical constitutes as compared 
with the control treatment in both seasons.  

Thus, this study was planned to decide the effects of 
sulphur levels and spraying with some natural stimulant on 
growth, yield and its components as well as chemical 
constituents and storability of garlic (Sids-40 cultivar) under 
the environmental conditions of Dakahlia Governorate, 
Egypt. 

 

MATERIALS AND METHODS 
 

Two field experiments were carried out in 
vegetable private Farm at Kafr Meet Faris, Dakahlia 
Governorate, during two growing seasons of 2015/2016 
and 2016/2017, to study the effects sulphur application 
levels and foliar spray with some natural stimulant on 
garlic CV Sids-40 growth, yield and its components, as 
well as chemical constituents in leaves and cloves and bulb 
storability. This experiment included 16 treatments, which 
were arranged in split- plot design as follows:  
a- Sulphur levels:  

Control. ( Untreated ). 
150 kg S/fed 
300 kg S/fed. 
450 kg S/fed.  

b- Natural stimulant substances treatments: 
Unsprayed (tap water ). 
Foliar spray with yeast extract at the rate of 100 ml/L.  
Foliar spray with moringa extract at the rate of 100 ml/L. 
Foliar spray with chitosan at the rate of 200 mg/L. 
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Active dry yeast were dissolved in water at rate 1 
g/L followed by adding sugar at ratio 1:1 and kept 
overnight for activation and reproduction of yeast (Spencer 
et al.,1983). 

Moringa leaf extract was prepared according to 
Culver et al. (2012). The extract was diluted with distilled 
water at a ratio 1:32 (v/v) and then sprayed directly onto 
plants.Chitosan powder (Poly-(1.4-B-D-glucopyranosamine) 
; 2- Amino- 2-deoxy- (1-4) -B-D-glucopyranan) was 
prepared by dissolving a proper amount in 5 % acetic acid 
solution. 

Spraying was conducted by hand sprayer (for 
experimental plots) until saturation point three times after 
45, 60 and 75 days from planting date. 

Random samples from the experimental soil were 
obtained at depth of 0 up to 60 cm pre-planting time to 
determine the physical and chemical properties as 
presented in Table (1). 
 

Table 1. The physical and chemical properties of the 
experimental soil during 2015/2016 and 
2016/2017. 

Soil properties 2015/2016 2016/2017 
Physical analysis: 
Coarse sand   (%) 1.48 1.61 
Fine sand       (%) 21.12 21.17 
Silt                 (%) 25.57 25.41 
Clay               (%) 49.12 49.03 
Soil type Clay Clay 
Chemical analysis: 
CaCO3                          (%) 2.71 2.78 
Organic matter             (%) 2.80 2.78 
Total nitrogen              (%) 0.12 0.13 
Available phosphorus  (ppm) 7.14 7.35 
Exchangeable potassium (ppm) 211.00 219.00 
pH 7.91 8.01 
 

Garlic cloves were planted on 5th and 8th of 
October in the first and the second season, respectively. 
The four sulphur levels occupied the main plots which 
were subdivided to 4 sub-plots each contained one of the 
spraying with natural stimulants substances.   

Nearly uniform garlic cloves were soaked in 
running water for 24 h prior to sowing and hand-planted at 
10-12 cm apart on two sides of each row. The sulphur 
levels were applied as soil application two equal doses, 

during soil preparation (pre-rowing) and 30 days after 
planting.  All the plants were fertilized with 120 kg N/fed 
(ammonium sulphate, 20.5% N), 90 kg P2O5/fed (super-
phosphate, 15.5% P2O5) and 96 kg K2O/fed (potassium 
sulphate 48% K2O) which added in three equal doses 30, 
60 and 90 days after planting. The other cultural practices 
for garlic commercial production were used according to 
the instructions laid down by the Ministry of Agriculture, 
Egypt. The harvesting time was in the first week of April, 
for both seasons.  
Data recorded: 
1- Growth parameters: 

A random sample of five plants was randomly 
taken from each plot at 120 days after planting to estimate 
plant height, plant fresh weight (g), plant leaves fresh 
weight (g), number of leaves/plant, bulbing ratio = 
���������	�
�����������

�����
�����������
    Mann (1952) , plant dry weight (g) 

and plant leaf area (cm2). 
2- Yield and its components:  

At harvest time, a random sample (10 bulbs) was 
randomly taken from each treatment to determine bulb 
weight (g), bulb diameter (cm), number of cloves/bulb, 
cloves weight (g). All bulbs of each plot were cured, 15 
days after harvest weighted in kg and converted to record 
as total yield (t/fed).  
3- Chemical analysis:  

Samples of the dried cloves were ground, wet 
digested as described by Hesse (1971) and their nitrogen 
(N), phosphorus (P), potassium (K) and sulphur (S) 
contents were determined according to the methods 
described by Jackson (1967), Black (1965) and Hunter 
(1984), respectively. Percentage of total soluble solids 
(TSS%) and volatile oils (cm3/kg bulbs fresh weight) were 
determined according to A.O.A.C. (1970)and Guenther 
(1961), respectively.  
4- Storability:  

After curing, random samples (10 kg) were taken 
from every experimental unit , stored at room conditions 
and weight loss percentage was recorded monthly along 
five months of the storage period. The averages of air 
temperature and relative humidity in store room were 
recorded in Table (2).  

 

Table 2.  Averages of monthly air temperatures and relative humidity in store room during the storage period in 
2016 and 2017 seasons. 

Months 
2016 2017 

Temperature (oC) Relative humidity (%) Temperature (oC) Relative humidity (%) 
April 15.1 56.9 16.6 58.3 
May 17.6 59.3 18.1 61.6 
June 19.3 61.6 19.6 63.9 
July 21.3 66.1 22.4 65.2 
August 22.9 67.8 22.9 68.1 
September 21.6 69.2 20.5 68.8 
October 18.7 70.1 18.6 70.3 
 

All collected data on plot-basis were subjected to 
the statistical analysis according to ANOVA for split-plot 
design as published by Gomez and Gomez (1984), using 
CoStat Computer Software package. Means of treatments 
were compared using Duncan's multiple range tests at 5 % 
level of probability as described by Duncan (1955).  

RESULTS AND DISCUSSION 
 

1-Vegetative growth: 
Effect of sulphur levels: 

The data presented in Table (3) show that plant 
height, number of leaves/plant, plant dry weight and leaf 
area/plant were significantly increased with increasing 
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sulphur levels up to 450 kg S/fed. Also, the bulbing ratio 
was better with supplying sulphur in both seasons. These 
results may be due to the beneficial effect of the applied-S 
as a one of main elements required for plant growth and 
important in the formation of protein and chlorophylls 
(Marschner, 2012). These results are in agreement with 

those of El-Morsy (2005), Hore et al. (2014), Assefa et al. 
(2015), Youssifet al. (2015), Babaleshwar (2017), Patidar 
et al. (2017) and Shete et al. (2018), they found that plant 
growth increased significantly with increasing the rate of 
applied sulphur. 

 

Table 3. Vegetative growth characters of garlic plants as affected by sulphur levels, natural stimulant substances 
and their interactions at 120 day after planting during 2015/2016 (S1) and 2016/2017 (S2) seasons. 

Characters 
Treatments 

Plant height 
 (cm) 

Number of 
leaves/plant 

Bulbing 
ratio 

Plant dry weight 
 (g) 

Leaf area/plant 
 (cm2) 

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 
Sulphur levels: 
Control 79.04 b 79.22 b 9.85 b 9.99 b 0.38 a 0.39 a 38.32 c 40.04 c 1858.0 c 1769.0 d 
150 kg S/fed 79.60 b 80.45 ab 10.57 a 10.43 a 0.38 a 0.38 a 41.09 b 41.51bc 2042.0 bc 2005.0 c 
300 kg S/fed 80.45 b 80.67 ab 10.69 a 10.79 a 0.36 b 0.36 b 42.76 b 43.66 b 2237.0 ab 2409.0 b 
450 kg S/fed 82.14 a 83.34 a 11.03 a 11.13 a 0.32 c 0.31 c 47.07 a 46.74 a 2416.0 a 2569.0 a 
Natural stimulant substances 
Control 77.37 d 78.50 d 9.98 d 9.56 d 0.38 a 0.38 a 40.23 d 41.29 d 1985.0 c 2075.0 d 
Yeast (100 ml/L) 79.41 c 80.37 c 10.41 c 10.76 c 0.36 b 0.36 b 41.50 c 42.63 c 2050.0 c 2162.0 c 
Moringa (100 ml/L) 81.18 b 81.57 b 10.69 b 10.98 b 0.35 c 0.35 c 42.95 b 43.61 b 2194.0 b 2214.0 b 
Chitosan (200 mg/L) 83.27 a 83.25 a 11.05 a 11.03 a 0.35 d 0.34 d 44.57 a 44.43 a 2326.0 a 2286.0 a 
Interactions: 
S-levels   X    NSS 

Control 

Control 74.80i 76.70 j 9.20 i 8.96 h 0.41 a 0.41 a 36.41 i 38.21 j 1727.0 h 1688.0 k 
Yeast 78.43 f-h 77.90 ij 9.76 h 9.26 h 0.39 b 0.39 b 37.51 i 40.03 i 1757.0 h 1746.0 jk 

Moringa 80.36 d-g 79.93 h 10.10 gh 9.83 g 0.38 b-d 0.38 b-d 38.89 h 40.73 hi 1914.0 fg 1834.0 ij 
Chitosan 82.59 a-d 82.36 b-d 10.33 e-g 10.20 fg 0.37 de 0.37 c-e 40.49fg 41.19g-i 2034.0 ef 1851.0 i 

150 kg 
S/fed 

Control 76.70 hi 78.06 i 10.10 gh 10.16 fg 0.39 b 0.39 b 39.26 gh 39.95 i 1835.0 gh 1900.0 hi 
Yeast 78.43 f-h 80.63 f-h 10.53 c-g 10.70 de 0.38 bc 0.38 bc 40.33 fg 41.36 g-i 1938.0 fg 1962.0 gh 

Moringa 80.43 c-f 81.43 d-f 10.66 b-f 10.86 cd 0.38 b-d 0.38 b-d 41.54 ef 42.08 f-h 2116.0 e 2036.0 fg 
Chitosan 82.80 a-c 82.56 b-d 11.00 bc 11.33 ab 0.37 de 0.37 ef 43.23 d 42.67 fg 2281.0 cd 2122.0 f 

300 kg 
S/fed 

Control 78.00 gh 78.16 i 10.20 f-h 10.36 ef 0.38 bc 0.38 bcd 40.56 f 42.44fg 2062.0 ef 2231.0 e 
Yeast 79.80 e-g 80.10 gh 10.56 c-g 10.86 cd 0.37 cd 0.37 de 42.28 de 43.32ef 2133.0 de 2407.0 d 

Moringa 80.73 c-f 81.33 d-g 10.90 b-d 11.16 a-c 0.36 ef 0.36 f 43.26 d 44.32 de 2316.0 bc 2483.0 cd 
Chitosan 83.26 ab 82.23 c-e 11.10 b 11.53 a 0.35 f 0.34 g 44.96 c 44.79 cd 2439.0 ab 2516.0 c 

450 kg 
S/fed 

Control 79.93 e-g 81.0 e-h 10.43 d-g 10.46 d-f 0.33 g 0.33 h 44.70 c 44.57 c-e 2315.0 bc 2480.0 cd 
Yeast 81.00 b-e 82.86 bc 10.80 b-e 10.90 b-d 0.32 gh 0.31 i 45.87 c 46.04 bc 2370.0 bc 2532.0 bc 

Moringa 83.20 ab 83.60 b 11.10 b 11.30 a-c 0.31 hi 0.30ij 48.11 b 47.29 b 2430.0 a-c 2610.0 ab 
Chitosan 84.43 a 85.83 a 11.80 a 11.46 a 0.31 i 0.30 j 49.60 a 49.06 a 2551.0 a 2654.0 a 

Means followed by the same letter in column are not significantly differed according to Duncan’s Multiple Range Test at 5 % level of probability. 
NSS=Natural stimulant substances 
 

Effect of foliar spray with some natural stimulant 
substances: 

Data in Table (3) also, reveal that foliar spray with 
some natural stimulant substances i.e. untreated (control 
treatment), yeast extract, moringa extract and chitosan was 
associated significant effect on vegetative growth 
characteristics (plant height, number of leaves/plant, 
bulbing ratio, plant dry weight and leaf area/plant in both 
seasons. Plants sprayed with chitosan exceeded other foliar 
spray with some natural stimulant substances and produced 
the highest values of all studied vegetative growth 
characteristics, this treatment enhanced bulbing ratioin 
both growing seasons also. These results may be due to the 
role of chitosan, which has become a useful appreciated 
compound due to its fungicidal effects and elicitation of 
defense mechanisms in plant tissues. In addition, the role 
of fresh moringa leaves extract, which have been shown to 
have high zeatin content, where zeatin is one form of the 
most common forms of naturally occurring cytokinin in 
plants. Also, yeast extract had stimulatory effects on cell 
division and enlargement, protein and nucleic acid 
synthesis and chlorophyll formation. These results were 
parallel with those reported by El-Morsy et al. (2011), 

Fawzy et al. (2012), Shalaby and El-Ramady (2014), 
Ahmed (2015) and Hegazi et al. (2016). 
Effect of interaction between S-levels and foliar spray 
with some natural stimulant substances: 

It is obvious from the same data in Table (3) that all 
parameters of vegetative growth characteristics were 
affected by interaction between sulphur fertilizer levels and 
foliar spray with some natural stimulant substances. In 
general, plants received S at 450 kg/fed and sprayed 
chitosan gave the highest values of plant growth 
parameters and enhanced bulbing ratio in both seasons, 
followed by the same level of sulpher and foliar spray with 
moringa extract.  
2- Yield and its components: 
Effect of sulphur levels: 

Data illustrated in Table (4) show the effect of 
sulphur levels on yield and its components of garlic. Such 
data indicates that the sulphur application improved yield 
and its components comparing with the control treatment. 
Total yield/fed, bulb weight, bulb diameter and cloves 
weight were significantly increased with increasing the 
sulphur application level up to 450 kg S/fed in both 
seasons. Concerning number of cloves/bulb, it was 
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significantly decreased with increasing sulphur fertilizer 
levels up to 450 kg S/fed in both seasons. The positive 
effect of this sulphur level may be due to lowering soil pH 
factor that improved soil chemical properties and increased 
the availability of certain plant nutrients. The obtained 

results are in accordance with those of El-Morsy (2005), 
Hore et al. (2014), Assefa et al. (2015), Youssif et al. 
(2015), Babaleshwar et al. (2017), and Shete et al. (2018) 
stated that total yield and its components were increased 
significantly with increasing sulphur level. 

 

Table  4. Total yield and its components as affected by sulphur levels, natural stimulant substances and their 
interactions at 120 day after planting during 2015/2016 (S1) and 2016/2017 (S2) seasons. 

Characters 
Treatments 

Total yield 
(t/fed) 

Bulb weight 
(g) 

Bulb diameter 
 (cm) 

Number of  
cloves/bulb 

Cloves weight 
 (g) 

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 
Sulphur levels: 
Control 5.44 d 5.44 d 49.45 d 48.50 c 4.80 d 4.07 c 16.66 a 14.76 a 3.02 c 2.90 d 
150 kg S/fed 6.64 c 6.50 c 54.47 c 56.10 b 5.21 c 4.50 b 15.50 b 14.74 a 3.22 bc 3.35 c 
300 kg S/fed 6.81 b 6.56 b 58.96 b 59.25 b 5.39 b 4.82 b 15.41 b 14.25 b 3.37 b 3.63 b 
450 kg S/fed 7.72 a 7.32 a 61.55 a 67.24 a 5.66 a 5.51 a 15.00 b 12.83 c 3.92 a 4.11 a 
Natural stimulant substances: 
Control 6.36 d 6.18 d 51.45 d 54.80 c 4.89 d 4.45 d 16.50 a 14.91 a 2.96 b 3.05 d 
Yeast (100 ml/L) 6.65 c 6.33 c 54.58 c 57.22 b 5.18 c 4.70 c 16.25 a 14.33 b 3.10 b 3.27 c 
Moringa (100 ml/L) 6.76 b 6.58 b 57.40 b 58.22 b 5.40 b 4.82 b 15.25 b 13.91 b 3.57 a 3.68 b 
Chitosan (200 mg/L) 6.85 a 6.73 a 61.00 a 60.85 a 5.60 a 4.95 a 14.58 c 13.41 c 3.90 a 4.00 a 
Interactions: 
S-levels     X         NSS 

Control 

Control 5.32 l 5.29 o 45.33 i 44.33 g 4.16 k 3.83 k 16.00 bc 15.65 a 2.83 de 2.30 i 
Yeast 5.34 l 5.38 n 47.60 h 47.86 f 4.80 j 4.03 j 16.00 bc 14.66 bc 2.86 de 2.50 i 

Moringa 5.49 k 5.46 m 50.93 fg 49.06 f 5.03 h-j 4.20 ij 15.00 c-e 14.66 bc 2.03 cd 3.26 f-h 
Chitosan 5.62 j 5.63 l 53.93 e 52.73 e 5.23 e-h 4.23 i 15.00 c-e 14.00 cd 3.36 b-d 3.56 d-e 

150 kg 
S/fed 

Control 5.94 i 5.98 k 49.50 gh 52.56 e 4.86 ij 4.20 ij 18.01 a 15.67 a 2.96 de 3.13 h 
Yeast 6.81 g 6.34 j 52.03 ef 55.50 d 5.10 g-i 4.43 h 17.99 a 15.00 ab 2.03 cd 3.33 e-h 

Moringa 6.89 f 6.80 f 56.46 d 56.06 d 5.36 d-f 4.63 fg 15.33 c-e 14.33 b-d 3.36 b-d 3.40 d-h 
Chitosan 6.94 e 6.90 e 59.90 c 60.30 bc 5.53 cd 4.67 ef 15.33 c-e 14.00 cd 3.53 b-d 3.53 c-f 

300 kg 
S/fed 

Control 6.65 h 6.47 i 53.96 e 56.10 d 5.16 f-h 4.46 gh 17.00 ab 14.66 bc 3.10 cd 3.20 gh 
Yeast 6.79 g 6.48 i 58.50 cd 58.60 c 5.33 d-g 4.90 de 15.33 c-e 14.66 bc 2.24 e 3.46 d-g 

Moringa 6.89 f 6.54 h 59.26 c 60.30 bc 5.43 c-e 4.93 de 15.00 c-e 14.00 cd 3.86 ab 3.63 cd 
Chitosan 6.92 e 6.76 g 64.13 ab 62.03 b 5.63 bc 5.00 d 14.33 ef 13.66 de 4.30 a 4.23 b 

450 kg 
S/fed 

Control 7.54 d 6.98 d 57.00 d 66.23 a 5.36 d-f 5.30 c 16.00 bc 13.66 de 3.53 b-d 3.56 c-e 
Yeast 7.68 c 7.15 c 60.20 c 66.93 a 5.50 cd 5.43 bc 15.66 cd 13.00 ef 3.73 a-c 3.80 c 

Moringa 7.77 b 7.51 b 62.93 b 67.46 a 5.80 ab 5.53 b 14.66 d-f 12.66 fg 4.03 ab 4.43 ab 
Chitosan 7.91 a 7.64 a 66.06 a 68.33 a 6.00 a 5.80 a 13.66 f 12.00 g 4.40 a 4.66 a 

Means followed by the same letter in column are not significantly differed according to Duncan’s Multiple Range Test at 5 % level of probability. 
NSS=Natural stimulant substances 
 

Effect of foliar spray with some natural stimulant 
substances: 

Data in Table (4) indicate that spray with natural 
stimulant substances was more effective in total yield and 
its components than the control treatment. Plants sprayed 
with chitosan gave the highest yield, bulb weight, bulb 
diameter and clove weight, whereas number of cloves per 
bulb was reduced. These increases might be ascribed to the 
favourable role of natural stimulants like chitosan, moringa 
extract and yeast extract as mentioned formerly in 
improving plant growth characteristics, which reflected on 
increasing yield and its components. Similar results were 
reported by El-Morsy et al. (2011), Shalaby and El-
Ramady (2014), Ahmed (2015) and Hegazi et al. (2016). 
Effect of interaction between S-levels and foliar spray 
with some natural stimulant substances: 

It is obvious from data in Table (4) that there were 
significant interactions between sulphur fertilizer levels 
and foliar spray with some natural stimulant substances on 
yield and its components (bulb weight, bulb diameter, 
number of cloves and cloves weight) of garlic in both 

seasons. In general, plants fertilized by 450 kg S/fed and 
sprayed with chitosan produced the highest values of yield 
and its components. Moreover, number of cloves per bulb 
trait was decreased. These results coincide with those of 
Ahmed (2015).  
3- Chemical constituents:  
Effect of sulphur levels: 

Data in Table (5) clear show that the sulphur 
application levels had a significant effect on nitrogen, 
phosphorus, potassium, sulphur, volatile oils and total 
soluble solids (TSS %) contents in garlic cloves at harvest 
in both seasons. All elements concentrations in cloves were 
significantly increased with increasing sulphur application 
level in both seasons. Application of 450 kg S/fed gave the 
highest records, followed by the 300 kg S/fed in both 
seasons. These results may be related to the positive effect 
of sulphur on the availability of some nutrient elements, 
which was reflected on plant uptake and plant growth 
(Dahdouh et al., 1993; Mehana, 1994 and Mehana and 
Farag, 2000). These results are in agreement with those of 
El-Morsy (2005) and Shete et al. (2018). 
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Table  5. Chemical constituents in garlic bulbs as affected by sulphur levels, natural stimulant substances and their 
interactions at 120 day after planting during 2015/2016 (S1) and 2016/2017 (S2) seasons. 

Characters 
Treatments 

N 
 (%) 

P 
 (%) 

K 
 (%) 

S 
 (%) 

Volatile oils 
(cm3/kg F.W) 

TSS 
 (%) 

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 
Sulphur levels: 
Control 1.36 d 1.47 d 0.42 c 0.46 c 2.34 c 2.43 d 0.75 d 0.73d 0.34 c 0.36 d 31.54 d 33.95 c 
150 kg S/fed 1.43 c 1.53 c 0.44 c 0.48 c 2.35 c 2.47 c 0.78 c 0.80 c 0.41 b 0.42 c 33.20 c 34.66 c 
300 kg S/fed 1.49 b 1.55 b 0.46 b 0.53 b 2.39 b 2.53 b 0.79 b 0.89b 0.44 a 0.45 b 35.04 b 36.62 d 
450 kg S/fed 1.53 a 1.59 a 0.53 a 0.58 a 2.47 a 2.59 a 0.80 a 1.00 a 0.45 a 0.46 a 37.33 a 39.83 a 
Natural stimulant substances: 
Control 1.43 d 1.51 d 0.43 d 0.49 d 2.36 d 2.48 d 0.65 d 0.82d 0.38 d 0.38 d 33.41 d 34.50 d 
Yeast (100 ml/L) 1.45 c 1.53 c 0.45 c 0.51 c 2.38 c 2.50 c 0.72 c 0.84c 0.37 c 0.41 c 34.00 c 35.66 c 
Moringa (100ml/L) 1.46 b 1.54 b 0.47 b 0.52 b 2.40 b 2.51 b 0.82 b 0.86b 0.43 b 0.44 b 34.50 b 37.00 b 
Chitosan(200mg/L) 1.48 a 1.55 a 0.49 a 0.53 a 2.42 a 2.52 a 0.93 a 0.90a 0.46 a 0.46 a 35.20 a 37.91 a 
Interaction 
S-levels        X      NSS 

Control 

Control 1.34 m 1.45 k 0.39 j 0.45 n 2.32 k 2.42 l 0.63 p 0.71 l 0.36 l 0.37 i 31.00 l 32.66 g 
Yeast 1.36 l 1.46 k 0.41 i 0.46 m 2.33 jk 2.43 kl 0.65 o 0.73k 0.37 k 0.37 i 31.3 kl 33.50 fg 

Moringa 1.38 k 1.48 j 0.44 gh 0.46 m 2.36  i 2.43 kl 0.66 n 0.75 j 0.38 jk 0.38 hi 31.66 jk 34.00 f 
Chitosan 1.39 k 1.49ij 0.45 fg 0.47 l 2.37 hi 2.44 jk 0.68 m 0.75 j 0.39 ij 0.39 h 32.16 ij 35.66 e 

150 kg 
S/fed 

Control 1.41 j 1.50 i 0.41 i 0.46 m 2.33jk 2.45 ij 0.69 l 0.78 i 0.39 i 0.41 g 32.33 hi 32.66 g 
Yeast 1.43 i 1.53 h 0.43 h 0.48 k 2.34 j 2.46 i 0.72 k 0.79 i 0.40 h 0.41 fg 32.83 h 33.83 f 

Moringa 1.44 h 1.54gh 0.45 fg 0.49 j 2.37gh 2.48 h 0.74 j 0.81h 0.42 gh 0.41 f 33.50 g 35.66 e 
Chitosan 1.46 g 1.55fg 0.47 de 0.50 i 2.38 gh 2.50 g 0.75 i 0.83g 0.43 fg 0.43 e 34.16 ef 36.50 e 

300 kg 
S/fed 

Control 1.48 f 1.54gh 0.45 fg 0.51 h 2.38 gh 2.51 g 0.78 h 0.85 f 0.43 fg 0.44 de 34.00fg 34.00 f 
Yeast 1.49ef 1.55fg 0.46 ef 0.52 g 2.39 fg 2.53 f 0.82 g 0.87e 0.44 f 0.44 de 34.66de 36.00 e 

Moringa 1.50 de 1.56ef 0.47 de 0.54 f 2.40 ef 2.54 e 0.83 f 0.91d 0.44 e 0.45 d 35.16 d 38.00 d 
Chitosan 1.51 d 1.57 de 0.48 cd 0.55 e 2.41 e 2.56 d 0.85 e 0.93c 0.46 de 0.45 d 36.33 c 38.50 cd 

450 kg 
S/fed 

Control 1.50 d 1.58 cd 0.49 c 0.56 d 2.44 d 2.57 cd 0.91 d 0.95c 0.47 d 0.46 d 36.33 c 38.66 cd 
Yeast 1.53 c 1.59bc 0.53 b 0.58 c 2.46 c 2.58 c 0.93 c 0.97b 0.46 c 0.47 bc 37.16 b 39.33 bc 

Moringa 1.55 b 1.60 b 0.54 b 0.60 b 2.49 b 2.60 b 0.94 b 0.98b 0.48 b 0.49 b 37.66ab 40.33 ab 
Chitosan 1.57 a 1.61 a 0.58 a 0.61 a 2.52 a 2.61 a 0.95 a 1.10a 0.51 a 0.53 a 38.16 a 41.00 a 

Means followed by the same letter in column are not significantly differed according to Duncan’s Multiple Range Test at 5 % level of probability. 
NSS=Natural stimulant substances 
 

Effect of foliar spray with some natural stimulant 
substances: 

Data in Table (5) show that nitrogen, phosphorus, 
potassium, sulphur, volatile oils and TSS % contents in 
garlic cloves at harvest were significantly increased due to 
spray the plants with chitosan compared with the other 
natural stimulant treatments. These results agree with those 
reported by Fawzy et al. (2012), Ahmed (2015) and 
Hegazi et al. (2016). 
Effect of interaction between S-levels and foliar spray 
with some natural stimulant substances: 

It is evident from data in Table (5) that the 
interaction between the two studied factors i.e.sulphur 
fertilizer levels and foliar spray with some natural 
stimulant substances had a significant effects on all 
chemical constituents in cloves in both seasons.  The 
highest values of nitrogen, phosphorus, potassium, sulphur, 
volatile oils and TSS % contents in garlic cloves at harvest 
were shown when garlic plants supplied 450 kg S/fed and 
sprayed with chitosan. Similar results were obtained by 
Ahmed (2015) who found that sulphur application with 
foliar spray with natural stimulants significantly increased 
the chemical contents in cloves.  
4- Storability: 
Effect of sulphur levels: 

Data in Table (6) reveal that the total weight loss 
percentage of bulbs was significantly affected during storage 
period in both seasons. The lowest total weight loss 
percentage was obtained by applied-S at 450 kg/fed. This 

treatment achieved increase in yield at the end of storage 
period (five months) reached to 20.3% and 20.5% in the first 
and the second seasons respectively comparing to control 
treatment. These results may be due to increase dry matter in 
plants (Table 2), TSS % and chemical constituents in cloves 
(Table 4). These results are in the same line with those of El-
Morsy (2005) and Shete et al. (2018).  
Effect of foliar spray with some natural stimulant 
substances: 

Data in Table (6) indicate that bulb storability of 
plants sprayed with some natural stimulant substances was 
better than that of the untreated plants. Beside, foliar spray 
with chitosan was more beneficial than the other 
treatments. These decrease in weight loss percentage in 
garlic bulb as a result of foliar spraywith some natural 
stimulant substances may be due to that chitosan is known 
for its ability to extend the storage life of vegetables, where 
chitosan forms a semi-permeable film that regulates gas 
exchange, reduces respiration and transpiration rates and 
slows down the ripening processes (Shehata et al., 2012). 
In addition, helpful roles of moringa extract and yeast 
extract in improving growth, yield attributes and dry matter 
accumulation in bulbs more than water, therefore improved 
storability of bulbs during storage periods. The 
aforementioned results generally are in good agreement 
with those stated by Shalaby and El-Ramady (2014) and 
Ahmed (2015).  
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Table  6. Weight loss percentage of garlic as affected by sulphur levels, natural stimulant substances and their 
interactions during 2015P/2016 (S1) and 2016/2017 (S2) seasons. 
Characters 

Treatments 
30 Days 60 Days 90 Days 120 Days 150 Days 

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 
Sulphur levels: 
Control 30.97 a 30.35 a 41.90 a 41.35 a 47.32 a 45.68 a 51.32 a 50.77 a 55.92a 54.80a 
150 kg S/fed 26.82 b 25.97 b 37.97 b 38.05 b 41.45 b 42.29 b 47.45 b 46.89 b 51.55b 50.72b 
300 kg S/fed 23.70 c 23.52 c 34.10 c 33.52 c 40.12 b 40.42 c 44.00 c 44.22 c 47.21c 45.92c 
450 kg S/fed 22.30 c 23.05 d 32.45 d 31.77 d 37.82 b 38.70 d 40.92 d 40.17 d 44.20d 42.52d 
Natural stimulant substances: 
Control 29.04 a 28.50 a 40.02 a 40.00 a 45.97 a 47.10 a 50.22 a 49.60 a 54.77a 53.92a 
Yeast (100 ml/L) 26.26 b 25.57 b 37.12 b 36.60 b 42.90 b 43.22 b 46.77 b 46.17 b 50.82b 49.13b 
Moringa (100 ml/L) 23.75 b 24.87 c 35.25 c 34.70 c 40.90 c 39.55 c 44.40 c 43.89 c 47.64c 46.80c 
Chitosan (200 mg/L) 24.74 b 23.95 d 34.03 d 33.40 d 36.95 d 37.22 d 42.40 d 42.40 d 45.65d 44.12d 
Interactions: 
S-levels     X     NSS 

Control 

Control 33.06 a 32.60 a 44.60 a 43.90 a 51.30 a 51.80 a 56.00 a 55.30 a 61.80a 61.00a 
Yeast 31.50 ab 30.80 b 42.90 b 42.60 b 48 ab 47.40 b 52.80 b 52.20 b 57.30a 65.53b 

Moringa 30.00a-c 29.50 c 41.40 d 40.90 c 46.10a-c 45.70 c 49.00 d 48.50 d 53.30d 52.50c 
Chitosan 29.33a-c 28.50 d 38.73 e 38.00 d 43.90b-d 43.50 d 47.50 f 47.10 e 51.10g 49.20de 

150 kg 
S/fed 

Control 30.00a-c 29.50 c 42.20 c 43.80 a 47.60a-c 47.13 b 52.00 c 51.30 c 56.70c 55.90b 
Yeast 26.16 cd 25.30fg 37.40 f 37.00 e 44 bcd 43.46 d 47.80ef 47.20 e 53.00e 52.10c 

Moringa 25.80 cd 24.90 g 36.30 j 35.90 f 41.90b-e 41.40 e 45.00 h 44.96 f 48.50 i 47.70e 
Chitosan 25.33 cd 24.20 h 36.00 gh 35.50fg 32.30 f 40.90ef 45.00 h 44.10 g 48.00 j 47.20ef 

300 kg 
S/fed 

Control 26.60b-d 26.30 e 37.40 f 37.00 e 43.80b-d 43.10 d 48.00 e 47.40 e 52.00 f 51.20cd 
Yeast 23.70 d 23.00 i 35.00 i 34.30 h 41.60b-e 41.00ef 45.80 g 45.30 f 49.00h 47.80e 

Moringa 21.70 d 22.80 ij 32.60 k 32.00 i 39.20de 38.80 g 43.70 i 43.10 h 45.86k 45.10 f 
Chitosan 22.60 d 22.00 k 31.40 l 30.80 j 35.90ef 35.30 ij 38.50 l 41.10 i 42.00n 39.60h 

450 kg 
S/fed 

Control 26.50b-d 25.60 f 35.90 h 35.30 g 41.20c-e 40.70 f 44.90 h 44.40 g 48.60 i 47.60e 
Yeast 23.70 d 23.20 i 33.20 g 32.50 i 38 def 37.30 h 40.70 j 40.00 j 44.00 l 40.10gh 

Moringa 22.90 d 22.30jk 30.70 m 30.00 k 36.40ef 35.80 i 39.90 k 38.00 k 42.70m 41.90g 
Chitosan 16.30 e 21.10 l 30.00 n 29.30 l 35.70ef 35.10 j 38.20 l 37.30 l 41.50o 40.50gh 

Means followed by the same letter in column are not significantly differed according to Duncan’s Multiple Range Test at 5 % level of probability. 
NSS=Natural stimulant substances 
 

Effect of interaction between S-levels and foliar spray 
with some natural stimulant substances: 

It is clear from data in Table (6) that the positive 
interactions between sulphur fertilizer levels and foliar 
spray with some natural stimulant substances often 
observed on storability of bulbs. The lowest total weight 
loss percentage during and in at the end of the storage 
period (five months) was obtained from plants received 
450 kg S/fed and sprayed with chitosan in both seasons.  
 

CONCLUSION 
 

As results of this study, it could be concluded that, 
application of 450 kg S/fed with spray garlic plants with 
chitosan could be  recommended for increasing garlic 
yield, improving bulb quality and storability of bulbs under 
similar conditions of this work.   
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 تأثير مستويات الكبريت و الرش ببعض محفزات النمو الطبيعية علي ا]نتاجية والقدرة  التخزينية  للثوم

  ٢وأميرة عبد الفتاح أحمد محمد خليفة ٢، عبد الله حلمى على المرسى ١ھالة عبد الغفار السيد
  مصر. –جامعة المنصورة  –كلية الزراعة  - قسم الخضر والزينة ١
 .مصر –الجيزة –مركز البحوث الزراعية  –معھد بحوث البساتين  –خضرية التكاثرقسم بحوث الخضر٢

 

 
) فى مزرعة خضر خاصة  بكفر ميت فارس  بمحافظة الدقھلية خqل موسمى  ٤٠- تجربتان حقليتان على محصول الثوم (صنف سدس أجريت

فدان) كلٌ منھا منفرداً  أو مع الرش كجم كبريت لل ٤٥٠و ٣٠٠، ١٥٠ت (صفر، م لدراسة تأثير بعض مستويات الكبري٢٠١٦/٢٠١٧و  ٢٠١٥/٢٠١٦الزراعة 
على نمو النباتات ومحصول ا�بصال ومكوناته وكذلك والشيتوزان )  ( مستخلص الخميره ومستخلص المورينجا للنمو المواد الطبيعية المحفزهرقي ببعض الو

qت فى قطع منشقة مرة واحدة فى ثqل فترة التخزين . وقد وزعت المعامqرات. ثة مكرالمحتويات الكيماوية فى الفصوص ونسبة الفقد فى وزن ا�بصال خ
فدان إلى حدوث زيادات ملموسة فى ارتفاع النبات ، كجم لل ٤٥٠ستوى الكبريت المضاف حتى ويمكن تلخيص النتائج المتحصل عليھا فيما يلى: أدت الزيادة في م

لى ومتوسط وزن وقطر البصلة عدد ا�وراق للنبات ، الوزن الجاف النبات والمساحة الورقية للنبات كما حسنت نسبة التبصيل وكذلك زيادة  المحصول الك
، وقد أدت أيضاً إلى وبجانب ذلك زادت معنوياً تركيزات النيتروجين والفوسفور والبوتاسيوم والكبريت وكذا الزيوت الطيارة والمواد الصلبة الكلية فى الفصوص

كجم كبريت للفدان متبوعة  ٤٥٠تحصل عليھا بإضافة حدوث انخفاض معنوى فى نسبة نقص وزن ا�بصال خqل فترة التخزين ،  وكانت أفضل النتائج الم
إلى حدوث لتر  مل لكل ١٠٠بمعدل فدان فى كq موسمى الدراسة. ومن ناحية أخرى أدى رش النباتات ثqث مرات بالشيتوزان يت للركجم كب ٣٠٠بإضافة 

كما أدى إلى زيادة تركيزات المواد الصلبة الكلية والنيتروجين  زيادات معنوية فى معظم صفات النمو الخضرى للنباتات وكذلك المحصول الكلى ومكوناته،
ن ا�بصال عند والفوسفور والبوتاسيوم والكبريت وكذا الزيوت الطيارة فى الفصوص مقارنة مع معاملة الكنترول، وبجانب ذلك أدى إلى انخفاض نسبة نقص وز

كبريت والرش الورقي ببعض المواد الطبيعية المنشطة للنمو لوحظت فى حا±ت كثيرة ، ولقد كانت التفاعqت بين معد±ت إضافة ال نھاية فترة التخزين معنوياً.
فدان مع رش النباتات ثqث مرات بالشيتوزان ، كما  أدت ھذه المعاملة إلى زيادة فى المحصول فى نھاية فترة كجم كبربت لل ٤٥٠النتائج ھى بإضافة أفضل 

فى الموسم ا�ول والموسم الثانى على التوالى مقارنة بمعاملة الكنترول. وبناءً على ما تقدم، يمكن التوصية باستخدام ھذه  %  20.5 و 20.3 التخزين تقُدر بـ 
  تحت الظروف المشابھة لظروف ھذا البحث. المعاملة لرفع إنتاجية الثوم وتحسين جودة ا�بصال وقابليتھا للتخزين


