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ABSTRACT 

          Two field experiments were conducted during the winter seasons of 

2017/2018 and 2018/2019 at a Private farm in San El. Haggar, Shrkia 

governorate, Egypt to evaluate the effect of potassium and phosphorus 

fertilizer and the formula of nano fertilizer with potassium and phosphorus 

on plant growth characters, chemical composition, productivity and 

storability of garlic cv. Chinase.  

The experimental design used in the two growing seasons was 

randomized completes blocks with three replications.  

This experiment was included 7 treatments, which were: control, P 

fertilizer ( P2O5 at 90 kg/fedd, calcium superphosphate ), K fertilizer (K2O 

at 100 kg /fedd , potassium sulphate   ), P2O5 and K2O fertilizer ( 100+90    

), Nano P ( 5ml/l    ), Nano K(5 ml/l), and nano P+K (2.5 +2.5 ml/l)  

The obtained results can be summarized as follows:  

        The treatment of nano potassium + nano phosphorus, followed by 

the treatment of potassium + phosphorus had a significant effect and 

recorded the highest values of plant height, fresh and dry weight of whole 

plant in both growing seasons. While the lowest values of vegetative 

growth of garlic plants were recorded by the control treatment.  

        There are  a significant effect of the treatment of potassium + 

phosphorus fertilizer application caused a maximum values of average 

bulb weight, bulb diameter, number of cloves/ bulb and total yield / 

feddan. This treatment followed by the treatment of foliar application 

with nano potassium + nano phosphorus compared to the other 

treatments and control.  

        The treatment of the combined effect between nano potassium and 

nano phosphorus caused a highest values and significant effect on the 
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macro. nutrients, i.e N, P and K of garlic leaves and nutritive values of 

garlic bulb compared to the other treatments and control.  

        The total weight loss of garlic bulbs stored were reduced gradually 

by the treatment of potassium + phosphorus fertilizer followed by the 

treatment of nano potassium + nano phosphorus and recorded the lowest 

values in weight loss compared the control and other treatments. 

         Conclusively, From these results, it can concluded that nano 

fertilizer can be compensate the high  amounts of mineral fertilizer 

application which causes environmental pollution.  

Key words: Garlic, phosphorus &  potassium fertilizer, nano phosphorus 

and  potassium.  

 

INTRODUCTION  

         Garlic ( Allium sativum L)  is the foremost alliaceous vegetable plant, and 

one of main vegetable crops in Egypt for local consumption and foreign 

exporting market it has been used for flavoring, soup, sausages and salads, and 

to its medical value.  

Garlic's volatile oil has many sulphur containing compounds that are 

responsible for the strong odor, its distinctive flavor and pungency, as well as 

for its healthful benefits (Salomin, 2002). In addition, it contains considerable 

amounts of minerals like Ca, P, and K.  

Leaves are sources of protein, vitamin A, B and c (Maly et al., 1998). 

Moreover, it contains antibiotics garlicin and allistatin, a number of enzymes, 

amino acids.  

Garlic has a wide area of adaptation and cultivation throughout the world. 

On global scale, leading producers are china, India , Korea, Egypt, Thailand 

and Spain.  

China and India, being the largest producers, collectively accounting for 

78% of the production, but in Africa accounting only 2.8% of the world 

production. world area coverage by garlic was increased from 1.142,220 ha in 

2003 to 1.422, 408 ha in 2011 and 1.612,713 ha in 2018 with an average 

productivity of 12, 16.71 and 18.17 t ha
-1

, respectively (FAO, 2003, 

FAOSTAT, 2011 and FAOSTAT, 2018).  

The garlic bulb yield could be enhanced by improving the agriculture 

treatments, i.e. following the better application rate of P and K fertilizers, and / 

or the new.  

Technology with using nano-phoshorus and nano potassium fertilizers. 

Phosphorus is an important nutritional element plays its part in regulating many 
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physiological processes in the plant which in turn affected the resulted in total 

yield and  quality.  

As well as, potassium plays an important role on promotion of enzymes 

activity and enhanced the translocation of assimilates.  

Moreover, it increases the root growth improve drought resistance, build 

cellulose, reduce loading and control plant turgidity (Edmond et al., 1981).  

Many investigators concluded that P and K fertilizers increased growth, 

chemical composition, yield and its components, as well as bulb quality of 

garlic (Singh and Singh, 2006, Sud et al., 2007, El. Shal et al., 2011, Diriba -

Shiferaw, 2016 and Jitarwal et al., 2018).  

Nanotechnology is an emerging multidisciplinary technique that involves 

application based on the synthesis of molecules in nano-scale size range. 

Nanotechnology is also seen as new and fast emerging field that involves the 

manufacture, processing and application of structure, device and system by 

controlling shape and size (Parveen et al., 2016) in nanometer scale to some of 

investigators illustrated that nano   fertilizer increased the growth and yield of 

vegetables (Handy et al., 2008, Zenu et al ., 2011 and Khan et al, 2019).  

Thus, this study was planned to evaluate the effect of phosphorus and 

potassium fertilizer either the common application or with nano phosphorus 

and nano potassium on growth, chemical composition, bulb yield and quality, 

as well as storability of garlic. 

  

MATERIALS AND METHODS: 

  

Two field experiments were carried out at a private Farm in San El. 

Hagar district ,  Sharkia Governorate, Egypt, during the successive seasons of 

2017/2018 and 2018/2019 to study the effects of P, K fertilizer as soil 

application,  as well as nano phosphorus and nano potassium as foliar 

application on plant growth parameters, chemical constituents, yield and 

quality, and storability of garlic plant.  The soil of the experimental field was 

clay loam in texture with E.C. (Electric conductivity) 0.66 mmhos/cm, pH 7.6, 

available N was 27.8 ppm, p 12.9 ppm and exchangeable k was 117ppm.  

The experimental design used in the two growing seasons was 

randomized completes block with three replications.  

This experiment was included 7 treatments, which were: control, P 

fertilizer ( P2O5 at 90 kg/fedd, calcium superphosphate ), K fertilizer (K2O at 

100 kg /fedd , potassium sulphate ), P2O5 and K2O fertilizer ( 100+90), Nano P 

( 5ml/l ), Nano K(5 ml/l),and nano P+K (2.5 +2.5 ml/l). 
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Hyper Feed Solocross (10 – 8 – 36), nano fertilizer product contains 

fertilizer elements with nanotechnology. Fertlizer  product with high potassium 

supported by major and micro elements ( source of nano potassium). Hyper 

Feed Drip (6 – 40 – 12), nano fertilizer , product contains fertilizer elements 

with nanotechnology. Fertlizer  product with high phosphorus supported by 

major and micro elements ( source of nano phosphorus). 

The source of nano fertilizers was Bio Nano Tech. for Fertilizers 

Development, El Shekh Zayed , 6 October , Egypt.   

All plots of the experiment were received nitrogen as ammonium 

sulphate (20.6%) at 200kg/fed at two equal quantities at 60 and 75 days of plant 

old. Phosphorus as calcium super phosphate (16.5% P2 O5), potassium as 

potassium sulphate (48% K2O), were added at two equal portions at 60 and 75 

days of plant old, as well as, nano phosphorus and nano potassium as foliar 

application at the same times of N and P applications. Each experimental plot 

area was 9.6 m
2
 consisted of threes ridges which each ridge was 0.8 m in width 

and 4 m in length. 

The chines cv. of garlic cloves was planted on the 11
th
 and 13

th
 October 

in both growing seasons of 2017/2018 and 2018/2019, respectively. The cloves 

were sown 10 cm distances on two sides of ridge.  

The normal cultural treatments of growing and irrigation of garlic plant 

were followed as the recommended and occupied sowing by the Ministry of 

Egyptians Agriculture, Egypt 
.  

Data recorded:  

Vegetative growth parameters:  

A random  sample of five plants were chosen from each plot at 90 days 

after planting in both seasons for measuring the vegetative growth parameters 

expressed as plant height, number of leaves, leaves fresh weight and leaves dry 

weight and whole plant.  
 

Yield and its components  

At harvest time, all the plants of each treatment were harvested and the 

total yield per feddan as tons was calculated after curing period for 15 days.  

As well as, sample of ten bulbs was randomly taken from each treatment 

to determine the bulb weight, bulb diameter and number of cloves per bulb. 
  

Chemical constituents:   

The chemical constituents of garlic plants as nitrogen, phosphorus and 

potassium in dry weight of leaves and bulbs were determined following the 

described method  by A. O.A.C.(2012).  
 



              

 

 

                                                J. Product. & Dev., 26(4),2021                            1037 
 

Storability:  

After curing period, on random samples of 10kg each were taken from 

each treatment, stored at the normal room conditions. The percentage of total 

weight loss was calculated and recorded at the storage period (9 months). 
 

Statistical analysis:  

All obtained data values from this study were subjected according to the 

analysis of variance by Snedecor and Cochran (1980) and separating the means 

of treatments using SAS program (SAS institute, 2004).  

 

REUSTS AND DISCUSSION  
 

Vegetative growth characters:  

Data illustrated in Tables (1 and 2) show that the treatment of nano 

phosphorus + nano potassium, followed by the treatment of phosphorus + 

potassium had a significant effect and recorded the highest values of plant 

height, fresh and dry weight of whole plant in both growing seasons. While, the 

lowest values of the abovementioned characters were recorded from the 

contyrol treatment (without any addition).  

The superiority of plant growth characters expressed in plant height, 

number of  leaves, fresh and dry weight of bulb and leaves of garlic plants due 

to adding or foliar spraying with phosphorus and potassium in common 

fertilizer or in the form of nano  fertilizer might be attributed to the role of 

phosphorus and potassium as follows: El-Shafie and El-Gomaily (2002) 

mentioned that phosphorus plays a vital role in metabolic processes and is a 

main constituent of energy compounds like nucleic acids, phospholipids and 

co-enzymes. Moreover, it may be attributed to favorable effects of phosphorus 

on root development and formation of carbohydrate and thus increased the 

plant vegetative growth.  

Jitarwal et al. (2018) added and demonstrated that phosphorus acts as a 

structural component of membrane system of cells, chloroplasts and 

mitochondria. It is a constituent of energy phosphate like ADP and ATP, 

nucleic acid, nucleic proteins, purines pyrimidine, nucleotides and several 

coenzymes. It involved in the basic reaction of photosynthesis and plays an 

important role in cell division, break down of carbohydrate, transfer of inherited 

characteristics and increasing  the maturity of plants, consequently, from these 

reasons, it increased plant growth.  

Respecting the role of potassium on plant growth, Humber (1985) stated 

that potassium plays a vital role in photosynthesis which led to increase plant 

growth. Moreover, Marshner (1995) and Mengle (2001) illustrated that  
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potassium element had a vital roles in metabolism and many processes needed 

to sustain and promote vegetative growth and development of garlic plant. 

They added that potassium plays and important roles in many physiological and 

biochemical processes like cell division and elongation and metabolism of 

protein and carbohydrate compounds besides of its role in root proliferation, 

leaves growth and in translocation of photosynthesis compounds to sink of 

physiological activity. 

Metabolism and many process needed to certain and promote vegetative 

growth and development of garlic plant. They added that potassium plays and 

important role in many physiological and chemical processes like cell division 

and elongation and metabolism of protein and carbohydrate compounds besides 

of its role in root proliferation, leaves growth and in translocation of 

photosynthesis compound to sink of physiological activity. These results are in 

a good accordance with those obtained by Singh and Singh (2006), Bhandari    

et al. (2012) and Jitarwal et al., (2018). They showed that vegetative growth 

parameters of garlic plants were significantly increased with the application of 

phosphorus fertilizer.  

In addition, Abed el. Al et al. (2005), Shafeek et al., (2013), Behairy et 

al.,(2015) and Arisha et al., (2017) concluded that vegetative growth characters 

of garlic plant significantly increased with application of potassium fertilizer. 
  

Bulb yield and its components: 

        It is evident from data in Table (3) that foliar application with nano 

potassium + nano phosphorus resulted in a significant increase in average bulb 

weight and total yield of bulbs / feddan in both growing seasons, where the 

higher total yield was obtained from plants received both of nano fertilizers, i.e. 

potassium and phosphorus, followed by application of the treatment of 

potassium and phosphorus fertilizer compared to the control treatment 

(unfertilized plants. In addition, foliar spray with nano potassium and nano 

phosphorus reflected a significant effect on bulb diameter and number of cloves 

/ bulb in both growing seasons, followed by the treatment of application with 

potassium and phosphorus fertilizer.  

The lowest values of yield and its component were recorded as a result of 

the control treatment in both growing seasons of this study.  

The maximum production of garlic bulb  yield by nano potassium + nano 

phosphorus or potassium + phosphorus fertilizers might be attributed to 

encourage the formation of vigorous vegetative growth  (Table  3) and good 

root system, which in turn absorb large amount of nutrients from soil, and 

activated the photosynthesis of plants and enhancing translocate of the  
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produced assimilate to bulbs and then increased the weight of bulb and bulb 

yield. Regarding the important role of potassium and phosphorus on bulb yield, 

El. Shal et al. (2011) demonstrated that phosphorus is an important nutritional 

element plays its part in regulating many physiological crania's in the plant 

which in turn affect the resulted total yield. As well as, potassium plays and 

important and a vital role on promotion of enzymes activity and enhanced the 

translocation of assimilates and increased root growth and bulb yield. Similar 

findings were obtained by Singh and Singh (2006), Sad et al., (2007),        

Diriba -Shiferaw (2016) and Jitarwal et al. (2018). They studied and worked 

with potassium and phosphorus fertilizers as a soil application, and concluded 

that fertilized plants with K and P increased the yield and its components.  

Moreover,  Baruah (2009), Resende and Costa (2009),  Derosa et al. (2010), 

Ekinci et al, (2014), and  Khan et al  (2019), who working with nano fertilizers, 

and they illustrated that nano fertilizer increased the yield of plants.  

 

Chemical constituents of leaves and bulb of garlic plants: 

          The obtained results in Table (4 ) illustrate that foliar spray of potassium 

+ phosphorus as the form of nano fertilizer and potassium + phosphorus were 

added to the soil had a significant effect on N, P and K contents of leaves and 

bulb of garlic plants, compared to control plants.  

 

Table (4):  Effect of K and P in the form of normal and Nano fertilization on 

N, P and K contents during 2018 and 2019 seasons.  

Treatments  First season  Second season 

N% P% K% N% P% K% 

Control  0.49 0.11 0.72 1.75 0.365 2.13 

K Fertilizer  0.72 0.13 0.73 2.24 0.417 2.57 

P Fertilizer 0.77 0.14 0.84 2.42 0.462 2.68 

K + P 

Fertilizer 

0.82 0.16 0.85 2.53 0.501 3.09 

Nano K 0.65 0.12 0.75 1.98 0.371 2.27 

Nano P 0.69 0.12 0.77 2.14 0.395 2.35 

Nano K+P 0.83 0.17 0.87 2.67 0.521 3.37 

L.S.D 0.05 0.03 NS 0.01 0.08 0.049 0.09 
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The simulative effect of potassium and phosphorus foliar application or 

soil application could be due to the rapid absorption of these nutrients from root 

zone which in turn increased its content in different plant parts and then 

increased in leaves and bulbs. Obtained results are in a good line with those 

obtained by Ahmed et al. (2009) Gowda et al . (2007), Bubatunde et al. (2009), 

El. Shal et al. (2011) , Arisha et al. (2017) and Frangasmy et al.(2018), who 

working with fertilizers as soil application, and Ekinci et al. (2012 and 2014) 

who working with fertilizers as foliar spraying with nano fertilizer. They stated 

that fertilizer of P and K increased the contents of N, P and K in leaves and 

storage parts of plants.  
 

Storability:  

         Data in Tables (5-9) show the effect of potassium and phosphorus 

fertilizer, nano potassium and nano phosphorus and their combined effect on 

storability of garlic bulbs. Such data reveal that the total weight loss percentage 

of bulbs, at the end of storage  period (6months) were significantly affected in 

both growing seasons. Moreover, the total weight loss of garlic bulbs stored 

were reduced gradually by the treatment of potassium + phosphorus fertilizer, 

followed by nano potassium + nano phosphorus.  

These results are true in both growing seasons. These results may be due 

to the great role of K in carbohydrate metabolism and improving membrane 

structure. In addition, phosphorus plays an important role in improving the 

storability and longest the shelf life of bulb and decrease the bulb weight loss 

that may be due to it’s a vital role in building the energy compounds and 

translocation the carbohydrate to bub stored (Ahmed et al., 2009; El. Sayed and 

El -Morsy, 2012),   who working with potassium fertilizer, and Abo-Sedera and 

Badr (1998) and Mansour (2006) who working with phosphorus fertilizer on 

garlic plants. The obtained results are in line with those reported by Abdel 

Fattah et al., (2002), El- Morsy et al. (2004), and Mansour (2006).  
 

Conclusion:  

From the results of this study, it could be concluded that, under such 

condition soil fertilization with potassium and phosphorus fertilizer, followed 

by nano potassium and nano phosphorus, being the superior treatments for 

producing the maximum plant growth parameter, chemical constituents, garlic 

yield with the best storability and quality 
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إستجابت الثوم للتسويد النيتروجيني والفوسفوري في الصورة العاديت 

 والنانو
 

، هنال *، هحوود هحود الحوادي*عصام حسين أبوالصالحين -*  نسوت هتولي انور

  **عبدالحويد هندور

 يظز. جاهعت السقازيق  –كليت التكنولوجيا والتنويت  –قسن االنتاج النباتي * 

 يظز  -يزكش انبحٕد انشراػٛت   -ببنقظبطٍٛ  ت بحٕد انبسبحٍٛطيح  **

 

فٙ يشرػت  2012/2012ٔ  2012/ 2012أخزٚج حدزبت حقهٛت فٙ يٕسًٍٛ شخٍٕٚٛ 

يظز، نخقٛٛى حأثٛز سًبد٘ انفٕسفٕر  –خبطت فٙ طبٌ انحدز يحبفظت انشزقٛت 

 ٔانبٕحبسٕٛو فٙ طٕرحًٛٓب انؼبدٚت ٔانُبَٕ ػهٗ طفبث ًَٕ انُببث ٔانًحخٕ٘ انكًٛٛبئٙ

 ٔاالَخبخٛت ٔانقببهٛت نهخخشٍٚ نهثٕو طُف انظُٛٙ. 

 ًٔٚكٍ حهخٛض انُخبئح انًخحظم ػهٛٓب فًٛب ٚهٙ: 
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أثزث يؼُٕٚبً يؼبيهت انُبَٕ بٕحبسٕٛو + انُبَٕ فٕسفٕر، يخبٕػت بًؼبيهت انخسًٛذ 

ببنبٕحبسٕٛو + انفٕسفٕر، ٔسدهج أػهٗ انقٛى فٙ ارحفبع انُببث ، انٕسٌ انطبسج ٔاندبف 

انكهٙ خالل يٕسًٙ انًُٕ ، بًُٛب ُسدهج أقم انقٛى نظفبث انًُٕ انخضز٘ نُببحبث  نهُببث

 انثٕو بًؼبيهت انًقبرَت. 

ببنُظز إنٙ انًؼبيالث انًذرٔست ػهٗ انًحظٕل ٔيكَٕبحّ نُببحبث انثٕو ٔخذ حأثٛز 

أػهٙ انقٛى فٙ يخٕسط ٔسٌ  يؼُٕ٘ يٍ يؼبيهت سًبد انبٕحبسٕٛو + انفٕسفٕر ٔقذ سدهج

انبظهت ٔقطز انبظهت ٔػذد انفظٕص انبظهت ٔانًحظٕل انكهٙ نهفذاٌ. ْذِ انًؼبيهت 

يخبٕػت ببنزش ببنُبَٕ بٕحبسٕٛو ٔانُبَٕ فٕسفٕر ببنًقبرَت ببنًؼبيالث األخزٖ ٔانكُخزٔل 

 )انًقبرَت(. 

ٕو سدهج يؼبيهت يحخٕ٘  انُٛخزٔخٍٛ ٔانفٕسفٕر ٔانبٕحبسٕٛو فٙ األٔراق ٔأبظبل انث

انخأثٛز انًشخزك بٍٛ انُبَٕ بٕحبسٕٛو ٔانُبَٕ فٕسفٕر أػهٙ انقٛى ٔكبٌ حأثٛزْب يؼُٕٚبً ػهٗ 

يحخٕ٘ انؼُبطز انكبز٘ ْٔٙ انُٛخزٔخٍٛ ٔانفٕسفٕر ٔانبٕحبسٕٛو فٙ أٔراق انثٕو 

 ٔانقًٛت انغذائٛت ألبظبل انثٕو ببنًقبرَت ببنًؼبيالث األخزٖ انكُخزٔل. 

فٙ ٔسٌ األبظبل انًخشَٔت اَخفغ حذرٚدٛبً بًؼبيهت انبٕحبسٕٛو + انفٕسفٕر انفقذ انكهٙ 

يخبٕػت بًؼبيهت انُبَٕ بٕحبسٕٛو + انُبَٕ فٕسفٕر ٔانالحٙ قذ سدهخب أقم انقٛى فٙ انفقذ فٙ 

 انٕسٌ  ٔانقببهٛت نهخخشٍٚ ببنًقبرَت ببنكُخزٔل ٔانًؼبيالث األخزٖ 

بأٌ حسًٛذ انُبَٕ ٚسخطٛغ أٌ ٚؼٕع انكًٛبث يٍ ْذِ انُخبئح ًٚكٍ أٌ ٕٚطٙ : التوصيت

 انؼبنٛت يٍ األسًذة انًؼذَٛت ٔانخٙ حسبب حهٕد بٛئٙ.

 
 

 

 

 

 

 

 

 

 

 

 

 

 

                 


