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ABSTRACT 
 

The study was conducted on garlic under sandy soil conditions, during the two successive 
winter seasons of 2013/2014 and 2014/2015 at El-Kattara Experimental Farm, Faculty of Agriculture, 
Zagazig University, Sharkia Governorate, Egypt. It aims to evaluate the impact of six graded levels of 
potassium (0.0, 25, 50, 75, 100 and 125 kg K2O /fed.) as potassium sulphate applied to the soil with or 
without potassium foliar spray (0.0 and 0.5% K2O) on plant growth, bulbs yield as well as content of 
volatile oil and nitrate in garlic (Allium sativum L.) plants cv. Sids-40. Under the influence of the 
relatively high dose of potassium applied to the soil (100 kg K2O /fed.) + 0.0 % K2O foliar spray or 
the moderate rate (75 kg K2O /fed.) + 0.5% K2O foliar spray, the total yield of garlic plant was at its 
maximum values compared with the control and other interaction treatments. With increasing 
potassium rates added to the soil combined with K2O as foliar spray at 0.0 or 0.5%, the volatile oil 
content was increased, while nitrate content was significantly reduced compared to the control 
treatment. In addition, plant growth, TSS, Vitamin C content and potassium uptake was significantly 
enhanced due to the applications of higher levels of potassium fertilizer. Depending on the response 
curve and regression analysis it was found that the optimum rate of potassium was found to be 111 
and 92 kg K2O/feddan for unsprayed and sprayed plants, respectively. It gave the maximum values of 
bulb yield being 9.76 and 9.99 ton /feddan in the case of absence and presence of potassium foliar 
spray, respectively. 
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Introduction 
 

Garlic (Allium sativum L.) is one of the main important bulbous vegetable crops grown in Egypt 
for local consumption and exportation and is next to onion in importance (Hamma et al.,2013). Also, 
Egypt enjoys a comparative advantage in the high productivity of this crop. It is commonly used as a 
spice or in the medicinal purposes because it contains antibiotic substances known as garlicin and 
allistatin (Maly et al., 1998). It is also used as anti-bacterial, antifungal, anti-cancer, lowering blood 
sugar and blood lipids (Agusti, 1990).Therefore, increasing garlic yield and improving bulb quality 
are essential aims for growers to fulfill the requirements of the market and the consumers (Shalaby 
and El-Ramady, 2014). 

Among the major nutrients, potassium is required in high amounts due to its vital role on plant 
physiology. K contributes and plays an important role in production of bulbous crops like garlic, it 
stimulate cell division, enzyme activities, promotes protein synthesis, improves photosynthesis, 
supports osmoregulation, regulates opening and closure of stomata and participate nutrients 
translocation (Marschner, 1995 and Mengel, 2007). 

Potassium uptake by plants from the soil solution is regulated by several  factors  including  soil  
texture,  moisture  conditions,  pH,  aeration and temperature (Mengel and kirkby, 1980) therefore, 
during growth  and development , the soil potassium supply is seldom adequate to support crucial 
processes such as sugar transport from leaves to bulbs and cell extension that ultimately determine 
bulb yield and quality (Williams and Kafkafi, 1998). Thus using simulative doses of potassium 
through foliar application could be considered as a simple solution to overcome the unavailability of 
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potassium to plants. Furthermore, this method of application can rapidly help plants to recover from 
stress due to drought, high heat, pests. 

Several investigators reported that garlic plants growth and yield were improved by potassium 
application (Mohd et al., 1994; Verma et al., 1996; Lujiu et al., 2004 and El Sayed and El Morsy, 
2012).In addition, El-Morsy et al.(2004) found that almost all the tested parameters of garlic plants 
received K-fertilizer as a 50% soil application + foliar application were significantly increased 
compared with other treatments. Also, many workers came to similar conclusion regarding the 
response of onion plant growth and yield to potassium rates (Kumar et al., 2006; Shaheen et al., 2011; 
Saud et al., 2013; Shafeek et al., 2013 and Behairy et al., 2015). Moreover, increasing plant growth, 
yield as well as edible parts quality due to increasing potassium fertilization levels have been reported 
by Yadav et al. (2003) on onion 

The objective of this research was to find out the suitable rate of potassium fertilizer either as soil 
application alone or combined with foliar spray that maximize yield and volatile oil content and 
minimize nitrate content in garlic bulbs under sandy soil conditions. 
 
Materials and Methods 
 

A field experiment was conducted on a sandy soil at El-Kattara Experimental Farm, Faculty of 
Agriculture, Zagazig University. Sharkia Governorate, Egypt during two successive winter seasons of 
2013 /2014 and 2014/2015 to evaluate the effects of six graded levels of potassium applied to the soil 
with or without foliar spray of potassium on plant growth, bulb yield and its components as well as 
content of volatile oil and nitrate in bulbs of garlic plants cv. Sids 40. 

The physical and chemical analysis of 30 cm depth of the experimental soil site were analyzed 
before planting garlic cloves according to Jackson (1970): Soil was sandy in texture with organic 
matter (OM%) 0.08 and 0.11%, pH 7.82 and 7.61, available N (13.9, 10.9 ppm), P (7.8, 6.4 ppm) and 
K (61.5, 58.4 ppm) for the first and second seasons, respectively. 

 
The experimental treatments: 
 

This experiment included twelve treatments, which were the interactions between two levels of 
potassium, i.e., 0.0% K2O and 0.5% K2O as foliar spray (F.S.) and six potassium rates, i.e., 0.0, 25, 
50, 75,100 and 125 kg K2O /fed.as soil application (S.A.). The interaction treatments were as follows: 
T1: 0.0% K20 (F.S.) and 0 K20 kg/fed. (S.A),  
T2: 0.0% K20 (F.S.) and 25 K20 kg/fed. (S.A),  
T3: 0.0% K20 (F.S.) and 50 K20 kg/fed. (S.A),  
T4: 0.0% K20 (F.S.) and 75 K20 kg/fed. (S.A),  
T5: 0.0% K20 (F.S.) and 100 K20 kg/fed. (S.A),  
T6: 0.0% K20 (F.S.) and 125 K20 kg/fed. (S.A),  
T7: 0.5% K20 (F.S.) and 0 K20 kg/fed. (S.A),    
T8: 0.5% K20 (F.S.) and 25 K20 kg/fed. (S.A),  
T9: 0.5% K20 (F.S.) and 50 K20 kg/fed. (S.A),   
T10: 0.5% K20 (F.S.) and 75 K20 kg/fed. (S.A),  
T11: 0.5% K20 (F.S.) and 100K20 kg/fed. (S.A) and 
T12: 0.5% K20 (F.S.) and 125 K20 kg/fed. (S.A). 
 
Experimental Design: 
 

These treatments were arranged in a split- plot design with three replications. The two levels of 
potassium foliar application were randomly arranged in the main plots, while the six potassium rates 
as soil application were randomly distributed in the sub-plot.  

 
Culture Practice:  
 

Cloves of garlic plants cv Sids 40 were selected for nearly uniform in shape and size and sown on 
both sides of each dripper line at 10 cm distance on 2nd and 7th October in the first and second season, 
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respectively under drip-irrigation system. The experimental unit area was 12 m2, it contains one 
dripper lines with 20 m length and 60 cm between each two dripper lines.  
Time and method of potassium fertilizer application:  
 

Potassium rates in the form of potassium sulphate (48-52 % K2O) were added to the soil in three 
equal portions, the first was added during soil preparation, and the second at 45 days later, while the 
third was added at 75 days from planting as soil application. Garlic plants foliage were sprayed three 
times with potassium sulphate at a concentration of 0.5% K2O at 60 days after planting and the other 
two applications were sprayed at 75 and 90 days after planting. The untreated plants were sprayed 
with tap water. Due to the waxy nature of garlic leaf surface, a wetting agent (Tween 20) was added at 
0.05 ml/ L of spraying solution. 

 All plots received the recommended dose of N and P as ammonium sulphate (20.5% N) and 
phosphorus nutrient as calcium super phosphate (15.5% P2O5) and phosphoric acid (80% P2O5) at 
rates of 75 kg N/feddan and 45 kg P2O5 /feddan. One third of  ammonium sulphate and  one half of 
P2O5 quantity as calcium super phosphate were added during soil preparation with farmyard manure 
(25 m3/fed.) and the rest amounts of ammonium sulphate and P2O5 (as phosphoric acid ) were added 
in ten portions via drip irrigation system (fertigation) by one week intervals beginning one month after 
planting. The other normal agricultural practices for growing garlic plants in sandy soil were carried 
out as commonly followed in the instruction laid down by the Ministry of Agriculture. 

  
The following data were recorded:   
 
Plant Growth Characters: 
 

Sample of five plants from each plot were randomly taken at 115 days after planting to record 
plant growth characters, i.e. plant height (cm.) and leaves number/plant. Different plant parts; i.e., 
roots, bulb and leaves were oven dried at 70◦C till constant weight, and the dry weight (g) of  roots, 
bulb  and leaves  as well as total dry weight /plant (g) were recorded. 

 
Physiological and Chemical Analysis: 
 
Potassium Content and Uptake: 
 

Potassium percentage was determined in roots, bulb and leaves of garlic plant according to the 
methods described by Jackson (1970), then K uptake by roots, bulb and leaves as well as total uptake 
were calculated. 

 
Yield and Its Components: 
 

As garlic bulbs reached the proper maturity stage, bulbs of each experimental unit were harvested 
separately, transferred to a shady place for about two weeks (at 25 ± 3◦C and 60-75%±5 R.H), for 
curing and then graded into three categories according to the Ministry of Economic for garlic 
exportation (1963). Bulbs of each grade were weighed and the following data were recorded.Average 
bulb weight (gm.) and number of cloves/bulb. Total yield ton/feddan was calculated.  

 
Chemical Quality of garlic bulbs: 
 

Five bulbs were randomly taken from each treatment and oven dried at 70◦C till constant weight 
and N,P and K in garlic bulbs tissue were determined according to the methods advocated by Bremner 
and Mulvaney(1982), Olsen and Sommers (1982) and Jackson (1970), respectively. Total soluble 
solid (TSS) was determined by hand-held Carle Zeis Refractometer A.O.A.C. (2000). Nitrate content 
in the dried garlic bulb were determined according to the methods described by Cafado (1975). 
Volatile oil and vitamin C content in fresh garlic bulbs were determined according the procedures 
described by A.O.A.C. (2000). 
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Response Curve: 
 

Response curve was performed using the interaction data for bulb yield (average of two seasons), 
bulb volatile oil and nitrate contents (second season) through Graph Pad Prism version 6.00 for 
Windows, (Graph Pad, 2014). Depending on the response curve, regression analysis and optimization 
of potassium fertilization rate were calculated for the abovementioned traits. 
 
Statistical Analysis:  
 

All the obtained data of this experiment were subjected to proper statistical analysis of variance 
according to Snedecor and Cochran (1980) and the differences among treatments were compared 
using LSD at 0.05% level of probability.  
 
Results and discussion 
 
Plant Growth Characters: 
 
Effect of potassium foliar spray: 
 

 Data illustrated in Table 1 showed that potassium foliar spray treatment (0.5% K20) had 
significant effect and recorded the high values of dry weight of leaves, bulbs and total dry weight 
/plant in the two seasons of study. While control treatment (without potassium foliar spray) recorded 
the low values of the abovementioned characters. On the other hand, foliar application of potassium 
had no significant effect on plant height, number of leaves/plant and dry weight of roots in both tested 
seasons. 

The superiority of plant growth characters expressed in dry weight of garlic plant due to foliar 
spraying with potassium sulphate might be attributed to the role of potassium in protein synthesis, 
antioxidant enzymes, nutrient translocation and increasing nutrient element hence plant growth 
(Marschner, 1995). In addition, potassium sulphate contains K and S which had synergetic action and 
enhancement effect on carbohydrates, protein and enzymes energy synthesis. Huber (1985) reported 
that foliar application of K plays a vital role in photosynthesis which led to increase plant growth. 
Obtained results are in a good line with those of (Behairy et al., 2015 on onion).They reported that 
potassium foliar application enhanced the growth of onion plants. 
 
Effect of potassium soil application:   
  

It is clear from data in Table 1 that application of potassium and the increase of its rates resulted in 
a significant increase in all the studied plant growth traits, except plant height in the first season. 
However, number of leaves/plant and dry weight of different plant parts as well as total plant dry 
weight(roots + bulb + leaves) did not respond to the increase in potassium level beyond 100 kg 
K2O/fed., where, the further increase in potassium level (125 kg K2O/fed.) did not cause further 
significant increase in these parameters. According to these results, garlic plants were in need to 
potassium soil application up to 100 K2O/fed. for enhancing plant growth .These results are 
interesting as it clearly indicated the positive enhancing effect of K on growth of garlic plant up to 
100 kg K2O only. 

Potassium element had vital roles in metabolism and many processes needed to sustain and 
promote vegetative growth and development of garlic plant .Moreover, potassium element plays 
important roles in many physiological and biochemical processes such as cell division and elongation 
and metabolism of both protein and carbohydrate compounds beside its role in root proliferation, 
foliage growth and in translocation of photosynthesis to sink of physiological activity (Mengel and 
Kirkby, 1985 and Marschenr,1995). 

These results are in a good accordance with those reported by Abd El-Al et al .(2005) , Saud et al.( 
2013), Shafeek et al.( 2013) and Behairy et al.( 2015) .They concluded  that plant height , number of 
leaves/plant and fresh and dry weight /plant were significantly increased with increasing potassium  
fertilizer rate.  
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Table 1: Effect of potassium foliar spray, soil application and their interaction on growth characters of garlic 
plant  at 115 days after planting during 2013/2014 and 2014 /2015 seasons 

Characters 
 
 
Treatments 

Plant 
height 
(cm) 

Number 
of leaves 

/ plant 

Dry weight(plant parts/gm) Total 
dry 

weight/ 
plant 
(g)) 

Plant 
height  
(cm) 

Number 
of leaves 

/ plant 

Dry weight(plant parts /gm) Total 
dry 

weight/ 
plant (g) 

Roots Bulb Leaves Roots Bulb Leaves 

K20  (F.S.)*  X  
(S.A)** 

1st season  2nd season 

0.0 
% 

0 (T1) 82.06 a 7.33 e 1.44 f 8.47 d 9.94 b 19.86 e 81.53 a 8.46 cd 1.33 c 7.96 d 9.30 ef 18.60 h 
25 (T2) 82.13 a 7.86 d 1.67 def 8.54 d 10.84 ab 21.05 de 80.53 a 8.46 cd 1.31 c 8.35 cd 9.25 f 18.91 gh 
50 (T3) 80.86 a 8.40 c 1.74 cdef 8.75 d 11.16 a 21.66 cde 81.86 a 8.00 d 1.46 bc 8.45 cd 9.55 ef 19.46 efg 
75 (T4) 81.73 a 8.73 bc 2.19 a 9.06 cd 11.12 ab 22.38 abcd 82.50 a 8.53 bcd 1.70 ab 8.01 d 9.94 cde 19.66 def 

100 (T5) 82.80 a 9.40 a 2.10 ab 10.37 ab 11.46 a 23.95 ab 82.40 a 9.40 abc 1.82 a 9.30 ab 10.45 bc 21.58 bc 
125 (T6) 83.20 a 9.13 ab 2.02 abcd 10.52 ab 11.48 a 24.02 ab 81.86 a 10.13 a 1.83 a 9.10 abc 10.67 ab 21.60 bc 

Mean 82.13 A 8.47 A 1.86 A 9.28 B 11.00 B 22.15 B 81.78 A 8.83 A 1.57 A 8.53 B 9.86 B 19.97 B 

0.5 
% 

0 (T7) 83.40 a 7.33 e 1.52 ef 8.65 d 10.82 ab 21.00 de 80.46 a 8.06 d 1.38 bc 8.41 cd 9.48ef 19.28 fg 
25 (T8) 82.93 a 8.26 cd 1.50 ef 8.87 cd 11.90 a 22.28 bcd 82.06 a 8.56 bcd 1.63 abc 8.77 bcd 9.67 def 20.08 de 
50 (T9) 81.26 a 8.40 c 1.68 def 9.00 cd 11.58 a 22.27 bcd 83.13 a 8.50 cd 1.62 abc 8.42 cd 10.22 bcd 20.26 d 

75 (T10) 82.60 a 8.66 bc 1.85 abcde9.67 bc 11.88 a 23.41 abc 82.80 a 9.53 abc 1.70 ab 9.70 a 10.70 ab 22.10 abc 
100 (T11) 83.00 a 9.26 a 1.78 bcdef 10.82 a 11.38 a 23.99 ab 84.13 a 10.13 a 1.83 a 9.62 a 10.79 ab 22.25 ab 
125 (T12) 84.86 a 9.40 a 2.08 abc 10.45 ab 11.75 a 24.29 a 83.66 a 9.60 ab 1.91 a 9.49 ab 11.17 a 22.57 a 

Mean 83.01 A 8.55 A 1.73 A 9.58 A 11.55 A 22.87 A 82.71 A 9.06 A 1.68 A 9.07 A 10.34 A 21.09 A 

Effect of K2O rate 
(Kg/fed) 

 

0 82.73 a 7.33 d 1.48 c 8.56 c 10.38 b 20.43 c 81.00 b 8.26 d 1.35 c 8.19 d 9.39 e 18.94 d 
25 82.53 a 8.06 c 1.58 c 8.70 c 11.37 a 21.67 bc 81.30 ab 8.51 cd 1.47 bc 8.56 cd 9.46 de 19.50 c 
50 81.06 a 8.40 bc 1.71 bc 8.88 bc 11.37 a 21.96 b 82.50 ab 8.25 d 1.54 bc 8.43 cd 9.88 cd 19.86 c 
75 82.16 a 8.70 b 2.02 a 9.37 b 11.50 a 22.89 ab 82.65 ab 9.03 bc 1.70 ab 8.85 bc 10.32 bc 20.88 b 

100 82.90 a 9.33 a 1.94 ab 10.59 a 11.42 a 23.97 a 82.76 ab 9.76 ab 1.83 a 9.46 a 10.62 ab 21.91 a 
125 84.03 a 9.26 a 2.05 a 10.48 a 11.62 a 24.15 a 83.26 a 9.86 a 1.87 a 9.29 ab 10.92 a 22.08 a 

Values having the same alphabetical letter(s) in each column did not significantly different according to L.S.D at 0.05 level of probability.                  
(F.S.)*: Foliar spray, (S.A)**: Soil application 

 
Effect of interaction between potassium foliar spray and soil application rates: 
 

Fertilizing garlic plants with potassium as foliar spray combined with soil application rates 
significantly increased all studied plant growth parameters, except plant height in the two seasons 
(Table 1).Supplementation of garlic plant either with 100 or 125 kg K2O feddan as soil application 
without foliar spray (T5 and T6) and K2O at 75, 100 and125 kg/fed. +foliar spray of garlic plants with 
0.5% K2O ( T10, T11 and T12), in most cases, increased number of leaves/ plant and dry weight of 
different plant parts as well as total dry weight /plant with no significant differences among them in 
the two tested seasons. 

The positive effect of potassium on dry weight of garlic plant may be due to the role of potassium 
element in metabolism and many processes needed to promote plant vegetative growth and 
development (Table 1).Moreover, K plays a major role in many physiological and biochemical 
processes such as cell division and elongation and metabolism of carbohydrates and protein 
compounds (Marschner, 1995). In addition potassium sulphate contains sulphur (S) which is one of 
many elements required for plant growth, it is important in protein and chlorophyll formation. Also, 
sulphur was found to improve soil structure and to increase water penetration and availability of 
nutrients to garlic plants (Hilal et al., 1992). 

The obtained results are in a good accordance with those recorded by El-Sayed (1999), El-Morsy 
et al. (2004) and Mansour (2006), El-Sayed and El-Morsy (2012) and Mansour (2013)  on garlic 
.Furthermore, El-Bassiony (2006) and El-Bassiony et al. (2010) found that the highest vegetative 
parameters of onion plants were recorded when potassium was applied at the highest level as soil 
application combined with foliar application of K and S. 

 
Content, uptake and total uptake of potassium in garlic plant: 
 
Effect of potassium foliar spray:  
 

Potassium content and uptake in bulb and leaves of garlic plants were significantly affected by 
foliar spray of garlic plants with 0.5% K2O compared to control plants (Table, 2).In addition K total 
uptake followed the same trend recorded in potassium uptake in leaves and bulb. On the other hand, 
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content and uptake of K in garlic roots were not significantly affected by potassium foliar application. 
Increasing potassium content of different plant parts might be due to the rapid absorption of these 
elements by plant foliage to leaves and bulbs tissues, and this in turn increased total K uptake by 
different plant parts of garlic as well as total uptake by whole plant. Similar results were found by 
Beheiry et al. (2015) on onion.   

 
Table 2: Effect of potassium foliar spray, soil application and their interaction on content, uptake and total 

uptake  of garlic plant at 115 days after planting during 2014 /2015 season  

 
K(%) K uptake( mg / g. dry weight K total 

uptake(mg / 
plant) 

Roots Bulb Leaves Roots Bulb Leaves 

K20 (F.S.)*  X  (S.A)** 2nd season 
0.0 % 0 (T1) 0.48 e 1.48 f 2.86 d 6.41 f 117.72 g 266.98 f 391.12 h 

 25 (T2) 0.50 de 1.60 ef 3.07cd 6.67 f 134.28 fg 284.89 ef 425.85 gh 
 50 (T3) 0.54 cde 1.66 def 3.40 bc 8.06 def 141.18 efg 324.59 de 473.84 f 
 75 (T4) 0.65 bc 2.05 ab 3.98 a 11.17 bcd 164.75  cde 395.19 ab 571.12 d 
 100 (T5) 0.65 bc 2.06 ab 3.65 ab 11.82 abc 192.40 ab 382.41 bc 586.64 cd 
 125 (T6) 0.65 bc 2.06 ab 3.71 ab 11.85 abc 187.46 abc 396.07 ab 595.40 bcd 

Mean 0.58 A 1.82 B 3.44 B 9.33 A 156.30 B 341.69 B 507.33 B 

0.5 % 0 (T7) 0.56 cde 1.78 cde 3.13 cd 7.78 ef 150.07def 297.55 ef 455.41 fg 
 25 (T8) 0.60 bcd 1.92 abcd 3.25 c 10.04 cde 168.87 bcd 315.08 de 494.00 ef 
 50 (T9) 0.69 ab 1.83b cde 3.43bc 11.31 bc 154.55 def 350.92 cd 516.78 e 
 75 (T10) 0.70 ab 2.09 a 3.79 a 11.61 abc 203.43 a 406.46 ab 621.51 abc 
 100 (T11) 0.79 a 2.07 ab 3.91 a 14.74 a 199.25 a 422.59 ab 636.58 a 
 125 (T12) 0.72 ab 1.98 abc 3.88 a 13.68 ab 188.47 abc 433.42 a 635.58 ab 

Mean 0.68 A 1.95 A 3.56 A 11.53 A 177.44 A 371.00 A 559.98 A 

Effect of K2O rate 
(Kg/fed) 

 

0 0.52 d 1.63 b 3.00 c 7.10 d 133.90 b 282.27 c 423.27 d 
25 0.55 cd 1.76 b 3.16 c 8.36 cd 147.87 b 299.99 c 459.93 c 
50 0.62 bc 1.75 b 3.41 b 9.69 bc 151.58 b 337.75 b 495.31 b 
75 0.67 ab 2.07 a 3.88 a 11.39 ab 184.09 a 400.82 a 596.32 a 

100 0.72 a 2.06 a 3.78 a 13.28 a 187.97 a 402.50 a 611.61 a 
125 0.68 ab 2.02 a 3.79 a 12.77 a 195.83 a 414.75 a 615.49 a 

Values having the same alphabetical letter(s) in each column did not significantly different according to L.S.D at 0.05 level of probability.   
  (F.S.): Foliar spray, (S.A): Soil application. 

 
Effect of potassium soil application:  
  

Potassium contents in roots, bulb and leaves of garlic plants showed significant increase due to 
potassium supplementation. It is evident that, application of K at a rates of 75, 100 and 125 kg 
K2O/feddan gave the highest values of K content in roots, bulb and leaves of garlic plants compared 
with control plants or those received 25 and 50 kg K2O/feddan (Table, 2). Potassium uptake in roots, 
bulb and leaves of garlic plants showed positive and significant effect in case of potassium application 
at rates of 75, 100 and 125 kg K2O/fed.(with no significant differences among them) when compared 
to control treatment.(unfertilized garlic plants). 

The simulative effect of potassium soil application on K content uptake as well as total uptake by 
garlic plant could be due to the rapid absorption of this nutrient from root zone and hence increased its 
content in different plant parts and consequently increased total K uptake by plants. Obtained results 
are in a good line with those reported by Singh et al. (2004), Abd El-Al et al. (2005) and Shafeek et 
al. (2013).  

In this concern, Shafeek et al. (2013) showed that values of N, P and K in bulb tissues were 
increased with increasing potassium fertilizer level from 0 to 150 kg K2O/feddan. 

 
Effect of interaction between potassium foliar spray and soil application rates: 
 

Potassium content and uptake in roots, bulbs and leaves of garlic plants were significantly affected 
by the interaction between the two factors under study (Table 2). It is evident from such data that the 
interaction between K soil and foliar application was significant in augmenting K uptake in roots, 
bulbs and leaves of garlic plants as well as total K uptake (roots + bulbs + leaves). The highest values 
of K uptake by roots, bulbs, leaves and total uptake were recorded with T5, T6, T10, T11 and T12 



Middle East J. Appl. Sci., 7(1): 44-56, 2017 
ISSN 2077-4613 

50 

with no significant difference among them, while the lower values in this regard was recorded in 
control (T1).  

The favorable response of K tissues content and uptake to the interaction between the two studied 
factors might be attributed to the rapid uptake of K by leaves through foliar application beside the 
uptake by roots from soil.  

 
Yield and Its Components: 
 
Effect of potassium foliar spray:  
 

It is evident from data in Table 3 that, potassium foliar application resulted in a significant increase 
in average bulbs weight, yield of grade1 and total yield of bulbs in the two seasons, where the higher 
total yield was obtained from plants foliar sprayed with 0.5% K2O as potassium sulphate compared to 
unsprayed plants. Spraying garlic plant with 0.5% K2O as potassium sulphate recorded the lower 
value of yield of grade 3 compared to control treatment which recorded the higher value in this 
respect. On the other hand, foliar application of potassium sulphate at 0.5% K2O did not reflect any 
significant effect on number of cloves/ bulb and yield of grade 2 in both tested seasons and yield of 
grade 3 in the first one (Table 3). Present results regarding the positive effect of foliar application of K 
on yield and its components are in agreement with those reported by Subrahmangam and Raju (2000) 
who reported that, the highest total yield and its attributes were observed when garlic plants foliar 
sprayed with potassium fertilizer compared to unsprayed one. The insignificant effect of K foliar 
application on the number of cloves/bulb might be due to the genetic architecture of garlic varieties. 

   
Table 3: Effect of potassium foliar spray, soil application and their interaction on total yield and its components 

in garlic plant during  2013/2014 and 2014 /2015 seasons 
Characters 

 
 

Treatments 

Average 
bulb 

weight 
(gm.) 

Number 
of  

cloves/ 
bulb 

Yield and its components (ton/fed.) Average 
bulb 

weight 
(gm.) 

Number 
of 

cloves/ 
bulb 

Yield and its components (ton/fed.) 

Grade 
1 

Grade 2 
Grade 

3 
Total 
yield 

Grade 
1 

Grade 
2 

Grade 
3 

Total 
yield 

K20 (F.S.)*  X  
(S.A)** 

1st season  2nd season 

0.0 
% 

0 (T1) 43.00 e 18.53 a 2.92 d 2.52 d 1.76 a 7.22 g 43.66 f 18.00 a 3.40 e 2.40 de 1.91 ab 7.72 e 

25 (T2) 50.00 d 18.50 a 3.52 cd 2.46 d 1.37 bc 7.36 g 44.00 f 17.33 a 3.60 de 2.73 bcd 2.01 a 8.35 de 

50 (T3) 51.66 cd 18.96 a 4.24 bc 3.07 bcd 1.28 bcd 8.60 def 47.66 ef 17.66 a 4.00 cde 2.50 cde 1.75 abc 8.25 de 

75 (T4) 53.66 cd 19.76 a 4.99 ab 2.96 bcd 1.00 d 8.95 cde 52.66 cde 17.33 a 4.26 cd 2.93 ab 1.62 bc 8.82 bcd 

100 (T5) 64.33 ab 19.73 a 5.36 a 3.56 abc 0.98 d 9.91 abc 59.00 abc 18.00 a 5.06 ab 2.96 ab 1.24 de 9.28 abc 

125 T6) 65.00 ab 18.70 a 5.13 ab 4.21 a 1.01 d 10.35 ab 60.66 ab 18.66 a 5.40 a 2.93 ab 1.16 de 9.50 ab 

Mean 54.61 B 19.03 A 4.36 B 3.13 A 1.23 A 8.73 B 51.27 B 17.83 A 4.29 B 2.74 A 1.62 A 8.65 B 

0.5 
% 

0 (T7) 48.66 de 19.43 a 3.21 d 2.59 cd 1.55 ab 7.36 fg 49.33 ef 17.33 a 4.03 cde 2.30 e 1.77 abc 8.10 de 

25 (T8) 50.66 d 19.43 a 3.62 cd 2.76 cd 1.30 bcd 7.69 efg 51.33 de 18.33 a 4.06 cde 2.56 cde 1.76 abc 8.40 cde 

50 (T9) 58.33b c 19.46 a 4.76 ab 3.25abcd 1.25 bcd 9.26 bcd 56..00 bcd 18.00 a 4.63 bc 2.80 abc 1.44 cd 8.87 bcd 

75 (T10) 68.33 a 19.70 a 5.16 ab 3.84 ab 1.12 cd 10.13 abc 60.66 ab 18.33 a 5.43 a 2.93 ab 1.13 de 9.50ab 

100(T11) 68.00 a 20.36 a 5.49 a 3.72 ab 1.26 bcd 10.47 a 63.33 a 18.66 a 5.53 a 3.10 a 0.99 e 9.63 ab 

125(T12) 69.00 a 20.30 a 5.53 a 3.78 a 1.08 cd 10.40 a 64.66 a 18.33 a 5.70 a 3.13 a 0.97 e 9.81 a 

Mean 60.50 A 19.78 A 4.63 A 3.32 A 1.26 A 9.22 A 57.55 A 18.16 A 4.90 A 2.80 A 1.34 B 9.05 A 

Effect of K2O rate 
(Kg/fed) 

 

0 45.83 d 18.98 a 3.07 c 2.56 d 1.66 a 7.29 c 46.50 d 17.66 a 3.72 d 2.35 c 1.84 ab 7.91 d 

25 50.33 d 18.96 a 3.57 c 2.61 cd 1.33 b 7.52 c 47.66 cd 17.83 a 3.83 cd 2.65 b 1.89 a 8.37 cd 

50 55.00 c 19.21 a 4.50 b 3.16 bc 1.26 bc 8.93 b 51.83 c 17.83 a 4.31 c 2.65 b 1.59 bc 8.56 bc 

75 61.00 b 19.73 a 5.07 a 3.40 b 1.06 c 9.54 b 56.66 b 17.83 a 4.85 b 2.93 a 1.38 c 9.16 ab 

100 66.66 a 20.05 a 5.42 a 3.64 ab 1.12 bc 10.19 a 61.16 ab 18.33 a 5.30 ab 3.03 a 1.12 d 9.45 a 

125 67.50 a 19.50 a 5.33 a 3.99 a 1.04 c 10.38 a 62.66 a 18.50 a 5.55 a 3.03 a 1.07 d 9.65 a 

Values having the same alphabetical letter(s) in each column did not significantly different according to L.S.D at 0.05 level of probability.      
(F.S.)*: Foliar spray, (S.A)**: Soil application. 
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Effect of potassium soil application:     
 

Increasing application of potassium fertilizer to garlic plants from 0 to 100 kg K2O/fed. resulted in 
progressive gradual increase in average bulb weight, yield of bulbs ( grades 1 and 2 ) and total bulb 
yield in both seasons (Table,3).Where, the further increase in potassium fertilizer application did not 
cause further significant increase in total yield of garlic plants. In contrast, increasing potassium 
application rate significantly decreased bulbs yield of grade 3.The treatment received no potassium 
fertilizer (control) recorded the highest bulbs yield (grade 3) compared to other treatments. 

   Production of maximum garlic bulb yield by the application of potassium at K rates ranged from 
100 to 125 K2O/fed., might be attributed to encourage the formation of vigorous vegetative growth 
and good root system which in turn absorb large amount of nutrients from soil, and activate 
photosynthesis and enhance produced assimilates to move to the sink which result in increased bulb 
weight and hence total bulb yield. These results are in conformity with those obtained by Ghafoor et 
al. (2003), Khan et al. (2003). In addition, Ali et al. (2007) and Beheiry et al. (2015) reported that 
increasing potassium level up to the optimum levels significantly increased yield and its components 
of onion and garlic plants. 
 
Effect of interaction between potassium foliar spray and soil application rates: 
 

The obtained results in Table 3 illustrate that the interaction between potassium fertilizer added to 
the soil (with relatively high level) at 100 kg K2O/feddan without foliar spray or 75 K2O/fed. 
combined with 0.5% K2O as potassium sulphate foliar application had significant effect on yield of 
grades 1 and 2 and total yield as well as average bulb weight in both seasons. In addition, fertilizing 
garlic plants with T1, T2, and T3,T7 and T8 gave the lowest values of bulb yield grades 1and 2 , but it 
recorded the highest values of bulb yield grade of 3 in both seasons.  

Obtained results regarding the positive effect of K in improving total yield and its components 
may be imputed to the fact that K element is one of the most important elements for garlic production. 
It helps in producing stocky plants and healthy in appearance with thick leaves and larger bulbs. In 
addition, it has an indispensable role in translocation of synthesized carbohydrates from plant leaves 
towards bulbs (Bidwell, 1979). Also potassium sulphate contain sulphur ion which play a vital role in 
photosynthetic pigments formation and carbohydrates assimilation diverted to the bulb filing and 
hence increased bulbs weight. (Hilal et al., 1992).  

The obtained results are in accordance with those of Kilgori et al. (2007), El-Sayed and El-Morsy 
(2012)on garlic and Beheiry et al. (2015) on onion. They reported that average bulb weight, total bulb 
yield /fed. were significantly increased by interaction between potassium soil and foliar application.  

 
Bulb Quality: 
 
Effect of potassium foliar spray:  
 

Application of potassium fertilizer as foliar spray did not indicate any significant changes on bulb 
contents of N (%), P (%), T.S.S., NO3 and volatile oil, but it had significant influence on K (%) and 
vitamin C content compared to control treatment (Table, 4 ). The results regarding bulb K (%) are in 
agreement with those reported by Beheiry et al. (2015) on onion who reported that potassium foliar 
application had significant effect on K content in bulb tissues. These findings might be owed to the 
mode of action of SO4 and K on enhancing photosynthesis activity and enzymes of carbohydrates 
transformation. 

   
Effect of potassium soil application:   
   

Nitrogen and potassium percentages in garlic bulbs, volatile oil, nitrate content, vitamin C and 
T.S.S. were significantly affected by potassium fertilizer rates (Table, 4).whereas, P content in garlic 
bulbs was not significantly affected by K soil application rates. The higher N % value was recorded 
with 50 kgK2O/fed. and further increase in K rates (75, 100 and 125 kg K2O/fed.) did not reflect any 
significant increase when compared with 50 kg K2O/fed. The highest bulb K content was observed in 
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garlic plants supplemented with 100 kg and 125 kg K2O/fed., the latter two K2O rates being 
statistically identical in their effect. In addition, the highest values of volatile oil, vitamin C and T.S.S 
contents were found in bulbs obtained from plants fertilized with 75 kg K2O/feddan compared to 
control treatment. Application of potassium sulphate at rate of 75 kg K2O/fed. and other tested higher 
rates significantly decreased nitrate content in garlic bulbs. The highest volatile oil content in garlic 
bulbs obtained from supplementation of garlic plants with potassium at a rate of 75 kg K2O/feddan 
might be attributed to the increase in plant growth and higher production of carbohydrate in garlic 
plant and transferring to bulbs. Similar results were obtained by El-Sayed and El-Morsy (2012) who 
showed that application of potassium led to increase of volatile oil content in garlic bulbs. In addition, 
Celery plants receiving adequate K has a NO3 content of 427 ppm, which is 27% lower than that with 
unbalanced nutrition. Potassium helps to keep the NO3 content of celery within the limits laid down 
by the public health authority (Härdter and Krauss, 1999). Also, applying K increased the vitamin C 
content of sweet pepper (Wu-Zhong et al., 2001) 

 
 

Table 4: Effect of potassium foliar spray, soil application and their interaction on chemical quality of garlic 
bulbs  plant at 115 days after planting during 2014 /2015 season. 

Characters 

 

Treatments 

N% P% K% NO3% 
Volatile oil 
(mg/g F.W) 

Vit.C 
(mg/100 
gm. F.W) 

T.S.S 
(Brix ) 

K2O (F.S.)*  X  (S.A)** 2nd season 

0.0 % 

0 (T1) 1.78 c 0.31 a 1.22 d 233.30 ab 0.253 d 21.66 cd 26.00 de 

25 (T2) 1.83 bc 0.31 a 1.23 d 237.30 ab 0.253 d 20.00 de 26.00 de 

50 (T3) 1.96 abc 0.32 a 1.26 cd 239.30 a 0.280 c 23.00 bc 29.33 bc 

75 (T4) 1.97 abc 0.31 a 1.45 b 218.60 bcd 0.306 b 24.33 abc 29.66 abc 

100 (T5) 2.06 a 0.28 a 1.53 ab 204.30 d 0.320 ab 26.00 a 32.33 ab 

125 (T6) 2.11 a 0.28 a 1.51 ab 203.00 d 0.320 ab 25.66 ab 31.33 abc 

Mean 1.95 A 0.30 A 1.37 B 222.60 A 0.288 A 23.44 A 29.11 A 

0.5 % 

0 (T7) 1.80 c 0.28 a 1.33 c 230.30 abc 0.256 cd 19.33 de 25.66 e 

25 (T8) 1.85 bc 0.30 a 1.25 cd 231.30 ab 0.276 cd 17.66 e 25.66 e 

50 (T9) 2.09 a 0.30 a 1.45 b 234.00 ab 0.266 cd 19.33 de 29.00 cd 

75 (T10) 2.06 a 0.29 a 1.50 ab 211.30 cd 0.326 ab 23.66 abc 30.33 abc 

100 (T11) 2.05 a 0.32 a 1.51 ab 187.30 d 0.320 ab 23.66 abc 32.00 abc 

125 (T12) 2.02 ab 0.28 a 1.57 a 201.60 d 0.333 a 24.33 abc 32.66 a 

Mean 1.98 A 0.29 A 1.43 A 217.60 A 0.296 A 21.33 B 29.22 A 

Effect of K2O rate  

(Kg/fed) 
 

0 1.79 b 0.30 a 1.27 d 231.80 a 0.255 c 20.50 bc 25.83 c 

25 1.84 b 0.31 a 1.24 d 234.30 a 0.265 bc 18.83 c 25.83 c 

50 2.02 a 0.31 a 1.35 c 236.60 a 0.273 b 21.16 b 29.16 b 

75 2.01 a 0.30 a 1.47 b 215.00 b 0.316 a 24.00 a 30.00 ab 

100 2.06 a 0.30 a 1.52 ab 200.80 c 0.320 a 24.83 a 32.16 a 

125 2.06 a 0.28 a 1.54 a 202.30 bc 0.326 a 25.00 a 32.00 a 
Values having the same alphabetical letter(s) in each column did not significantly different according to L.S.D at 0.05 level of probability.  
(F.S.)*: Foliar spray, (S.A)**: Soil application 

 
Effect of interaction between potassium foliar spray and soil application rates: 
 

Contents of nitrogen, potassium, nitrate, volatile oil, vitamin C and T.S.S in garlic bulbs were 
significantly affected by the interaction between potassium foliar and soil application (Table, 4). The 
highest N contents were obtained from the interaction treatments of T3, T4, T5, T6, T9, T10, T11 and 
T12, while K and volatile oil content were at the high values with the following interaction 
treatments: T5, T6, T10, T11 and T12 with no significant difference among them. Application of 
potassium at rates of 75, 100 and 125 kg K2O/fed. with or without K2O foliar spray were the most 
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favorable interaction treatments for giving the high values of vitamin C and T.S.S. on the contrary it 
recorded the  low values of nitrate content in garlic bulbs.  

The positive effect of interaction between both studied factors on bulb quality might be attributed 
to the rapid absorption of K and S elements by garlic leaves and its translocation within the plant ( 
Marschner, 1995), beside the availability of K and S in root zone and hence increasing the absorption 
of K and S by root, when potassium added to the soil. Similar findings were obtained by Abd El-Al et 
al. (2005) on onion. 

 
Response Curve: 
 

Response of garlic plant yield, NO3 content and volatile oil % to the interaction between the two 
studied factors are shown in Fig.1 A, B and C.  
 

 
Fig.1: Response  curves  for  the  interaction  between  potassium  soil  application  rates  in  the absence  or 

presence  of  potassium  foliar  spray  (without  and  with  potassium  foliar  spray)  on  (A)  Total  yield 
Ton/Fed  (Average  of  two  seasons),  (B)  Nitrate  (No3)  content  in  garlic  bulbs,  and  (C)  Volatile  
oil contents in garlic bulbs. 

 
In the case of presence and absence of potassium foliar spray, a positive relationship was observed 

between potassium rates and total bulb yield (average two seasons) when the data were regressed 
(Fig.1A). Higher coefficient of determinate (R2 = 0.993 for without  foliar spray  and R2 =  0.918 for 
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foliar sprayed plants) indicated that the regression model was a good fit, which implies that 99 and 92 
% variations in garlic bulb yield could be attributed to the differences of potassium level for 
unsprayed and sprayed plants, respectively. 

The regression equation revealed that the optimum dose of potassium was found to be 111 and 92 
kg K2O/feddan for unsprayed and sprayed plants, respectively. It gave the maximum values of bulb 
yield being 9.76 and 9.99 ton /feddan in the case of absence and presence of potassium foliar spray, 
respectively. Further increase in potassium rate did not increase bulb yield. These results might be due 
to the imbalance of nutrients such as nitrogen and phosphors for excess application of potassium.  

A negative relationship was found between potassium levels and bulb nitrate content when the data 
were regressed (Fig. 1B). Depending on the regression of equation, the optimum dose of potassium 
were found to be 96 and 103 Kg K2O/feddan for giving the minimum NO3 content in garlic bulbs 
(203.7 and 199.5 mg/kg fresh weight) in the case of absence and presence of potassium foliar spray, 
respectively. 

Volatile oil content in garlic cloves was significantly affected by the interaction between potassium 
soil and foliar application. Volatile oil was quadratically regressed with a concurrent increased in rate 
of potassium fertilization (Fig.1C). The optimum concentration of volatile oil (0.315 without foliar 
spray and 0.326 with foliar spray) were recorded in garlic cloves obtained from plants fertilized with 
90 and 75 Kg K2O/feddan in the interaction data and thereafter the volatile oil content did not respond 
to increasing potassium levels.        
 
Conclusions 
 

In conclusion, it is evident from the results that garlic plants grown under sandy soil condition 
responds to potassium soil and foliar fertilization and improves the productivity and quality of bulbs. 
Therefore a relatively high dose of potassium soil application alone at 100 kg K2O/feddan and 
moderate dose of potassium (75 kg K2O/fed. along with 0.5% K2O as potassium sulphate foliar spray) 
were the best interaction treatments and should be applied for increasing bulb yield. The same 
treatments increased volatile oil percentage in garlic bulbs and reduced of nitrates contents in edible 
parts of garlic plants. Regression analysis revealed that there was a positive relationship between 
potassium rates and both total bulb yield and volatile oil content. On the contrary, there was a 
negative relationship between potassium levels and bulb nitrate content 
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