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ABSTRACT 
 

A factorial randomized complete block field experiment was carried out on lettuce (Lactuca sativa var. longifolia cv. Balady), 

grown on a heavy clay torrifluvent soil during two successive seasons (2016/2017 and 2017/2018) at the farm of the Faculty of 

Agriculture, Moshtohor, Benha University to study foliar application with nano-urea and biofertilization using Vesicular Arbusclar 

mycorrhiza (VAM).  Factor 1 included 2 treatments: none (B0) and VAM (B1); Factor 2 included 5 treatments: no urea spray (spray with 

water) (N0), spray with ordinary urea at 5000 mg N L-1 (N1), spray with nano-urea at 2500 mg N L-1 (N2), 3750 mg N L-1 (N3) and 5000 

mg N L-1(N4). Spray was in 3 times 30, 40 and 50 days after transplant at a rate of 1200 L ha-1each time. All growth parameters of plant 

height, number of leaves plant-1, fresh and plant dry weight increased by N or VAM singly or combined. Highest positive response 

occurred in plant height as well as weight and given by N3B1. All nano-urea treatments surpassed the ordinary one, particularly the 

middle nano rate. The highest nano rate seemed excessive since N3 did not continue to score further increase. Contents on N, P and K 

increased by nano-urea. NO3-N increased progressively with increased application of urea, and the increase progressed with increased 

rate of nano-urea. The nano application proved practical and more efficient since a concentration of as low as 2500 mg N L-1 proved 

superior to that of 5000 and mg N L-1 ordinary urea N. 
 

INTRODUCTION 
 

Lettuce is an important leafy vegetable in Egypt 

(Khalil et al., 2016) with leaves of high moisture, minerals 

and vitamins (USDA, 2011). Its leaves contain high 

moisture, minerals and several vitamins such as vitamin A, 

B, C and K (USDA, 2011). Vegetables (including lettuce) 

are grown in Egypt, mainly under open field conditions, 

although production under greenhouses is expanding, and 

the government established about 40 000 ha greenhouse 

area during the year 2017 (Elings and Raeza, 2017). 

Lettuce is grown in Egypt for local consumption and 

export (Midan and Sorial, 2011).  

Nitrogen is essential for plant growth (Liu et al., 

2014) and involved in important syntheses and formation of 

many important substances and compounds plant such as 

amino acids, enzymes, DNA, RNA and chlorophyll (Khalil 

et al., 2016), therefore it must be available for plants in 

adequate amounts. Yield of lettuce and weight per lettuce 

head depend on the amount of N available for the crop 

(Hosseny and Ahmed, 2009) but the amount must be 

adequate not excessive (Liu et al., 2014). Excessive 

application of N to crops in general leads to unwanted 

environmental consequences including accumulation of high 

nitrate and nitrite contents leafy vegetables and fruits, among 

other problems such as eutrophication, environmental 

contamination in underground waters used for drinking 

(Wang et al., 2002 and Bobbink et al., 2012).  Nitrates and 

nitrites may accumulate in edible plant tissues particularly in 

leafy vegetables (Wang et al., 2002), especially lettuce with 

contents of up to 2500 mg NO3-N kg
-1
 fresh weight 

(Dapoigny et al 2000).  Consumption of such plants causes 

detrimental effects on health (Ahmadil et al., 2010). To 

avoid application of excessive rates of N to crops, 

particularly the edible leafy ones, foliar spray of N as urea is 

preferred (Mondal and Al-Mamun, 2011), particularly when 

in nano forms, a technique which proved effective for plant 

nutrition due to its high absorption and utilization efficiency 

by plants (Mondal and Mamun, 2011and Manjunatha et al., 

2016). Foliar spray usually uses low amounts of fertilizer N 

(Gul et al., 2011), and urea is a source of N with high 

concentration of N nutrient (Abu‐Rayyan et al., 2004 and 

PEI, 2014). It can be used as foliar spray on plant with no 

scorching damage on leaves compared with fertilizers of salt 

nature (Mondal and Mamun, 2011). The use of nano-scale 

urea as foliar fertilization showed preference to the non-nano 

methods (Manjunatha et al., 2016). Nano particle of any 

material are particles with extremely small size of less than 

100 nm Ø (DeRosa et al., 2010). Nano-fertilization is 

gaining popularity since it proved practical and highly 

effective (DeRosa et al., 2010, EL-Aila et al., 2015 and 

Manjunatha et al., 2016). 

The purpose of the current study is to assess the 

effect of foliar application with nano-urea and 

biofertilization with Vesicular Arbusclar mycorrhiza (VAM) 

on lettuce plant (Lactuca sativa var. longifolia cv. Balady). 
 

MATERIALS AND METHODS 
 

1. Experimental  

An experiment was carried out on lettuce plants, 

(Lactuca sativa var. longifolia cv. Balady), grown on a 

heavy clay torrifluvent soil (Table 1) during two successive 

seasons (2016/2017 and 2017/2018) at the Experimental 

Farm, Faculty of Agriculture, Moshtohor, Benha 

University to study the response to foliar spray with nano-

urea (urea loaded with synthesized nanoparticles of 

chitosan) and biofertilization with Vesicular Arbusclar 

mycorrhiza (VAM).  
 

Table 1. Main properties of the soil used in the 

experiment. 

Soil property Value 

% Sand 11.8 

% Silt 29.6 

% Clay 58.6 

Texture  Heavy clay 

CEC (cmolCkg
-1

) 43.4 

EC (dS m
-1

)  1.3 

pH   7.6 

Organic Matter (g kg
-1
)  20.1 

CaCO3 (g kg
-1
)  17.2 

Available N, P and K (mg kg
-1
) 

N  30 

P  5 

K 115 
Notes: Texture: according to the international soil texture triangle; 

EC in paste extract; pH: in 1:2.5 (w:v) soil:water  suspension .Extracts 

of NPK : KCl (N), NaHCO3 (P); NH4-OAc (K) 
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The design was a randomized complete block in 3 

replicates, factorial with two factors; factor 1 included 2 

treatments, none and biofertilization (designated B0 and B1 

respectively). Factor 2 included 5 treatments, no urea spray 

(spray with water), spray with ordinary urea of 5000 mg N 

L
-1
, spray with nano-urea of 2500 mg N L

-1
, 3750 mg N L

-

1
, and 5000 mg N L

-1
 (designated N0,N1, N2, N3, and N4 

respectively). Spraying was in 3 times 30, 40 and 50 days 

after transplant. Spray rate at each time was 1200 L ha
-1

. 

Lettuce was transplanted on 4
th
 of October and harvested 

on 14
th
 of January. Transplants were inoculated with VAM 

by dipping the roots for 30 minutes in a 40 % sucrose 

solution containing VAM culture. Cultures were prepared 

by the Botany Department, Faculty of Agriculture, 

Moshtohor, Benha University. The plot area was 13.3 m
2
 

each consisting of 5-ridges each is 60-cm wide and 3.5-m 

long with 20 cm between ridges.  All plots received 63 kg 

P ha
-1
 (as Ca-superphosphate, 70 g P kg

-1
) and 80 kg K ha

-1
 

(as K-sulphate 400 g K kg
-1
) during soil preparation. Other 

agricultural practices were done as followed by farmers in 

the district. At harvest, four plants from each plot were 

randomly taken for determination of plant height, number 

of leaves, and weight per plant. Fig 1 shows an image of 

urea loaded with synthesized nanoparticles of chitosan 

under Transmission electron microscopy (TEM). 
 

 
Fig. 1. Transmission electron microscopy (TEM) image 

of urea loaded with synthesized nanoparticles of 

chitosan. 
 

2- Laboratory analyses:  

Chemical analyses were done according to methods 

cited in Chapman and Pratt (1961) and black et al. (1965). 

Nitrate-N in lettuce leaves was determined according to 

(Cataldo et al, 1975) while carotene, chlorophyll were by 

method  cited in AOAC (1990).  
 

RESULTS AND DISCUSSION 
 

  Plant height (Table 2): 

Plant height was lowest (21.63 cm) where plants 

received neither N nor biofertilizer. Treatment by either N 

or VAM or both gave increases ranging from 42.6% by 

N0B1    to as high as 101.0% N3B1 (Table 2). The main 

effect of N-fertilization was N3 > N2 > N4 > N1 > N0 

indicating an increase by urea application, particularly the 

nano forms, and especially the middle nano rate. 

The high nano urea was therefore excessive and 

must have had caused a retardation of plant growth. The 

high positive response to the middle nano-urea was 

particularly marked under conditions of no VAM (93.6%) 

than in VAM’s presence (41.0%). On the other hand the 

decreasing effect of the highest nano-urea (N4) relative to 

the middle one (N3) was more marked in absence of VAM 

(12.5%) than in its presence (8.0%). Such results indicate 

that the positive effect of VAM alleviates the negative 

effect of excessive nano-urea. 

The main effect of VAM showed an increase in 

plant height averaging 13.0%, and was much pronounced 

where no urea was applied (N0) (42.6%) indicating high 

response to VAM where no N was applied.   

Number of leaves plant
-1

 (Table 2): 

The number of leaves per plant underwent a pattern 

which is rather similar to that of plant height (Table 2). The 

lowest value was 18.0 given by plants receiving neither N 

nor biofertilizer. Plants treated with either N or VAM or both 

increased their number of leaves by 18.3% due to N1B0   up 

to as high as 94.4% due to N3B1. The main effect of N-

fertilization resembled that of plant height, i.e.  N3 > N2 > N4 

> N1 > N0 demonstrating increased number of leaves upon 

urea application, particularly nano form, and especially the 

middle nano-rate. Increasing the nano form above its middle 

rate caused no further increase, but a decrease averaging 

21.5% compared with leaves of the middle nano-rate. The 

increase in leaves number caused by the middle nano-urea 

was more in absence of VAM (55.6%) than in its presence 

(45.8%). On the other hand the decrease caused by the 

excessive nano-urea relative to the middle rate was less 

(19.1%) with VAM’s presence but greater in VAM’s 

absence (25.0%) thus demonstrating the biofertilizer’s ability 

to reduce the excessive nano-urea effect. 

The main effect of VAM was an average of 26.5% 

increase, and was much apparent where no urea was applied 

(33.3 %) also with the highest nano urea (34.7%) indicating 

high response to VAM where no N was applied and the 

VAM ability to reduce the excessive nano urea effect.  

Table 2. Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and 

2017/18): Plant height and number of leaves plant-
1
 

Biofertiliztion 

(B)*  

Urea N-Fertilization (N)* 

N0 N1 N2 N3 N4 
mean 

N0 N1 N2 N3 N4 
mean 

Plant height (cm) Number of leaves plant
-1

 

B0 21.63 32.95 38.16 41.88 36.63 34.25 18.0 21.3 23.0 28.0 21.0 22.3 

B1 30.84 37.08 42.05 43.48 40.00 38.69 24.0 26.7 27.0 35.0 28.3 28.2 

mean 26.24 35.02 40.10 42.68 38.32  21.0 24.0 25.0 31.5 24.7  

LSD 0.05 B:0.46 N:0.65 BN:0.91 B:0.8 N:1.2 BN:1.6 
 *Notes:  N0 and N1 are spray with water (no N) and spray with urea N solution of 5000 mg N L-1 respectively. N2, N3, and N4 are nano urea 

spray with   2500 mg N L-1, 3750 mg N L-1, and 5000 mg N L-1 respectively. The two biofertilization treatments are B0: none and B1: VAM 

biofertilization, respectively.  
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Fresh weight plant
-1

 (Table 3): 

The response resembled that of plant height as well 

as that of the number of leaves plant
-1

. The non-treated 

plants showed the lowest fresh weight of 275.7 g plant
-1

 

which increased by addition of fertilizers (Table 3). The 

increase ranged from 30.2% due to N0B1 and up to 142.4% 

due to N3B1, reflecting growth enhancement due to 

combining biofertilization with nano-urea at its medium 

rate. The main effect of N-fertilization took exactly the 

same pattern of plant height demonstrating increased fresh 

plant weight due to urea application, particularly nano 

form, and especially the middle nano-rate. The highest 

average increase of 63.8% was given by the middle nano-

urea. Further increase of nano-urea caused no further 

increase but a decrease of 25.5% reflecting a negative 

implication on plant growth at such excessive nano-urea.  

The main effect of biofertilization was an average 

increase of 34.0%, and the increase was particularly 

marked (49.4%) where no urea was applied thus indicating 

that VAM’s positive effect is more in absence of N. 

Dry weight plant
-1
 (Table 3): 

The pattern of response to treatments concerning the 

dry weight of lettuce was similar to that of the fresh weight 

(Table 3). Dry weight of the non-treated plants was lowest 

(12.10 g plant
-1
) increasing upon application of the 

biofertilizer or urea or both ranges starting from 22.8% by 

N1B0 to as high as 155.7% by N3B1, with a clear indication 

of a cumulative positive effect of combining the middle rate 

of nano-urea with VAM on plant growth. Urea gave positive 

effects with increases of the nano forms surpassing the non-

nano form. The highest increase was that of the middle 

nano-urea (an average of 89.1%), after which, no further 

increase occurred, but a decrease of 36.0% (as related to the 

weight given by the middle nano-urea). The excessive nano-

urea thus proved of no further positive effect. 

The main effect of biofertilization was an average 

increase of 27.4%. The increase was particularly marked 

(44.7%) where no urea was applied, which shows that the 

positive response to VAM was much apparent where no N 

was applied. 

Assessment of response of plant growth parameters: 

The response of each of the plant growth 

parameters (i.e.  plant height, number of leaves plant
-1

, 

fresh and dry weights) to the various treatments was nearly 

identical exhibiting increases due to urea fertilization. 

Nitrogen is essential for growth of plants; particularly leafy 

vegetables (Sreeramulu et al., 1996 and Hosseny and 

Ahmed, 2009) provided its application in non-excessive 

rates (Liu et al., 2014). The soil of the current experiment 

was extremely poor in its contents of available N, thus the 

response to N application was significant. The nano form 

of application was superior to the ordinary urea spray. 

Such superiority was shown when a concentration of 2500 

mg nano-urea N L
-1

 surpassed the effect of 5000 mg 

ordinary urea N L
-1
. This demonstrates the high efficiency 

of the nano technique over the ordinary techniques of 

nutrient delivery (DeRosa et al., 2010 and EL-Aila et al 

2015). Increased growth due to VAM was reported by 

Siddiqui and Pichtel (2008) and Cantrell and Linderman 

(2001). The non-continued increase at the high nano-urea 

indicates a retarding effect caused by excessive N. Crops 

respond negatively to excessive N, particularly the edible 

leafy ones (Mondal   and    Al-Mamun, 2011). Superiority 

of the nano-spray of urea over the ordinary urea spray was 

maintained up to a concentration of 3750 mg N L
-1 

above 

which level there was a decrease in the values of plant 

growth parameters with a spry solution concentration of 

5000 mg N L
-1
. A retarding effect at such level of 

concentration must have had occurred. The alleviation of 

the retarding effect caused by presence of VAM is an 

indication of the mycorrhiza harnessing the negative effect 

caused by abiotic stresses on lettuce (Cantrell and 

Linderman, 2001).  Generally, the nano techniques of 

fertilization proved more effective giving more growth and 

nutrient contents than the ordinary forms (DeRosa et al. 

2010, EL-Aila et al., 2015   and Manjunatha et al 2016). 

Chamola et al, (1999) Stated that VAM increases plant 

growth through enhancing nutrient uptake and plant 

resistance to pathogen infection. 

 

Table 3 . Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and 

2017/18): fresh and dry weight  of leaves per plant . 

Biofertiliztion 

(B)*  

N-Fertilization (N)* 

N0 N1 N2 N3 N4 mean N0 N1 N2 N3 N4 mean 

Fresh weight  plant
-1

 (g) Dry weight plant
-1
 (g) 

B0 275.7 359.0 439.0 458.3 371.7 380.7 12.10 14.86 19.69 25.05 16.84 17.71 

B1 412.0 445.7 557.0 668.3 467.7 510.1 17.51 17.78 27.66 30.94 18.95 22.57 

mean 343.8 402.3 498.0 563.3 419.7  14.80 16.32 23.68 27.99 17.90  

LSD 0.05 B:9.6 N:11.0 BN:15.5 B:1.02 N:0.73 BN:1.94 
*See footnotes of Table 2 
 

Total N content in dry matter plant (Table 4): 

The pattern of response was in line with those of 

the growth parameters (Table 4). The non-treated N0B0 

plants contained 9.68 g N kg
-1

 dry matter plant, while all 

treatments receiving amendments raised  N contents with a 

maximum content of 44.27 g kg
-1
 given by the middle 

nano-urea combined with VAM .Increases ranged from  

101.2% due to  N1B0  to   357.3% due to N3B1 .The 

increase in  plant N  is a manifestation of the considerable 

positive effect of N and VAM application singly or 

combined.  The highest increase was given by the middle 

nano-urea (averaging 134.7%) after which no further 

increase occurred, but a decrease (averaging 18.3%, as 

related to what was given by the middle nano-urea). Thus 

the high nano-urea was excessive and caused a decrease in 

N content in plant tissues.  

 The main effect of biofertilization was an average 

increase of 49.2%. The increase was particularly marked 

(133.9%) where no urea was applied, which shows that 

VAM’s positive effect was much apparent where no N was 

applied. 
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NO3-N in fresh plant tissues (Table 4): 

All treatments providing N to plant caused an 

increase in the contents of nitrate nitrogen in fresh plant 

tissues (Table 4). The non-treated plants showed 

contents of 285.0 mg kg
-1

 while the treated showed 

higher contents ranging from 320.2 mg kg
-1 

(by N1B0)  

to 393.7 mgkg
-1 

(by N3B0). The four urea treatments 

caused an increase in   NO3-N, particularly the nano-

ones, especially the first nano-rate (average of 19.2%). 

NO3-N progressed only up to the first nano-rate, after 

which there was a decrease followed by lower contents, 

but all of urea application had higher NO3-N than with 

no added urea treatment. The increased NO3-N 

progressed with the increase in urea and its application 

rates, only where urea was applied non-combined with 

VAM while when combined with VAM NO3-N 

decreased with the increase in urea except for N2 where 

it increased. This reflects the ability of VAM to reduce 

NO3-N in leaves.  

The main effect of biofertilization showed no 

significant response with a slight decrease   in NO3-N 

averaging 3.2%. Biofertilization increased NO3-N 

where no urea was added as well as where ordinary urea 

was sprayed while it decreased under foliar spray with 

nano-urea where N2 gave the highest decrease.  
 

 

Assessment of response of N contents in plant: 

The range of 285 to 394 mg NO3-N obtained in the 

current study is in agreement with   ranges reported by 

Abu-Rayyan et al., (2004) of between 24 mg kg (for the 

non-fertilized plants) up to as high a 743 mg kg
-1
 (for 

plants given nitrate fertilizers) with urea-fertilized plants 

exhibiting lower values than the nitrate-fertilized ones. 

Increased total-N and NO3-N in plant caused by 

application of urea and nano-urea is a direct outcome of 

fertilization with N. The higher N given by the nano spray 

up to the middle nano- rate coincided with the greater 

growth parameter indicating greater efficiency of nano-

urea (Manjunatha et al., 2016), particularly its middle rate. 

The highest NO3-N obtained at rates beyond the middle 

nano-urea coincided with the retarding effect caused by the 

high nano-urea. Abu‐Rayyan et al., (2004) added different 

nitrogen forms to lettuce and found that urea was the most 

effective one that increased N and nitrate content in lettuce. 

VAM ability to increase nutrient acquisition by 

plant could explain the increase of N uptake due to 

biofertilizaion with VAM (Abbott and Robson, 1982). The 

increase in nutrient uptake results in higher growth by plant 

and increase in sugar content. Behr and Wiebe, (1992) 

reported a negative correlation between sugar content in 

lettuce and its nitrate content. 

Table 4. Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and 

2017/18): Contents of total –N and NO3-N in fresh leaves 

Biofertiliztion 

(B)* 

Nitrogen content in dry leaves (g kg
-1 

) NO3-N in fresh leaves (mg kg
-1

) 

N-Fertilization (N)* 

N0 N1 N2 N3 N4 mean N0 N1 N2 N3 N4 mean 

B0 9.68 19.48 24.12 31.62 26.55 22.29 285.0 320.2 379.6 393.7 348.9 345.5 

B1 22.64 27.24 36.65 44.27 35.46 33.25 343.0 333.4 368.8 302.2 325.4 334.6 

mean 16.16 23.36 30.39 37.94 31.00  314.0 326.8 374.2 348.0 337.2  

LSD 0.05 B:1.71 N:0.66 BN:0.94 B:ns
**

      N:23.6      BN:33.4 
*See footnotes of Table 2. ** ns: not significant. 
 

P and K contents in dry matter plant (Table 5): 

The pattern of response regarding P as well as K 

contents in plant was in line with that of N contents (Table 

5). The non-treated N0B0 plants contained 2.337 g P kg
-1
 dry 

matter plant, while all treatments receiving amendments 

raised P contents with a maximum of 6.497 g kg
-1
 given by 

the middle nano urea combined with VAM. Comparable 

values for K were 35.39 g K kg
-1
 by N0B0 and 81.97 g K kg

-1
 

by the middle nano-urea+VAM.  

 

Table 5. Effect of urea foliar spray and VAM biofertilization on lettuce (means of two seasons 2016/17 and 

2017/18): Contents of P and K in dry leaves. 

Biofertiliztion 

(B)* 

Phosphorus content (g kg
-1
) Potassium content (g kg

-1
) 

N-Fertilization (N)* 

N0 N1 N2 N3 N4 mean N0 N1 N2 N3 N4 mean 

B0 2.337 3.187 3.957 4.967 3.827 3.655 35.39 49.16 56.99 59.87 53.00 50.88 

B1 3.127 4.080 5.107 6.497 4.773 4.717 52.12 68.90 76.50 81.97 71.10 70.12 

mean 2.732 3.633 4.532 5.732 4.300  43.76 59.03 66.74 70.92 62.05  

LSD 0.05 B:0.002     N:0.128  BN:0.182 B:0.37  N:1.39 BN:1.96 
*See footnotes of Table 2 
 

Increases ranged from 36.4% due to N1B0 to 

178.0% due to N3B1, for P contents while respective 

increases for K content were 38.9 and 131.6 %. The 

increase in K and P contents is a manifestation of the 

considerable positive effect of N and VAM application 

singly or combined.  The highest increase was given by the 

middle nano-urea (averaging 109.8 and 62.1% for P and K 

contents respectively) after which no further increase 

occurred, but a decrease (averaging 25.0 and 12.5% for P 

and K contents respectively as related to what was given 

by the middle nano-urea). The high application of nano-

urea caused a decrease in P and K contents. Yildirim et al., 

(2007) studied the effect of foliar application with different 

rates of urea on broccoli and found that increasing urea 

rates increased P and K uptake. 

The main effect of biofertilization was an average 

increase of 29.1% for P and 37.8% for K. Such increases 

were particularly marked (33.8% for P, and 47.3% for K) 
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where no urea was applied. This illustrates that VAM has a 

marked positive effect in increasing nutrient contents even 

under absence of N- application. Dar and Resh, (2017) 

stated that VAM increases nutrient uptake by plant 

especially phosphate. 
 

CONCLUSION 
 

Nano technique in foliar spray of urea proved 

extremely efficient in increasing growth parameter of 

lettuce. A foliar spray using as little concentration as 2500 

mg nano- urea N L
-1
 proved more effective than foliar 

spray with ordinary urea at 5000 mg N L
-1
. A foliar spray 

with 3750 mg nano-urea N L
-1

 increased growth 

parameters by surpassing those given by the 5000 mg N L
-

1
 soluble urea by up to 100% or more. Application of nano-

urea must not exceed the 3750 mg N L
-1
, otherwise a 

decrease would occur at the excessive 5000 mg nano-urea 

N L
-1
. Nitrate N increases with increased application of 

urea; however presence of VAM would harness the 

retarding effect of excessive nano-urea application. 
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 ( للتسويد الىرقى بالنانىيىريا هع الويكىريزا.Lactuca sativa Lاستجابت الخس )
 هحود على أحود عبد السالم

 هصر. -جاهعت بنها  -كليت الزراعت  -قسن األراضى و الوياة 
 

 /2016الل يىسًً خ torrifluventفي قطاعاث حايت انعشىائيت عهً انخس انُايً في ارض طيُيت )عايهيٍ( حى اصراء حضربت عايهيت 

(. VAM) خقييى اررانرش انىرقً بانُاَىيىريا و انخسًيذ انحيىي بانًيكىريسانبًسرعت كهيت انسراعت )يشخهر( صايعت بُها  2017/2018و 2017

: رش ياء يقطر N0 : إضافت ييكىريسا و انعايم انزاًَ و يشًم خًست يسخىياث B1، : عذو إضافت ييكىريسا B0انعايم األول يشًم يسخىييٍ 

نخر Nيههيضراو  5000: رش يىريا عاديت بًعذل N1)عذو إضافت يىريا(، 
-1

 ،N2 يههيضراو  2500: رش َاَىيىريا بًعذلN نخر
-1

 ،N3 رش :

نخر Nيههيضراو  3750َاَىيىريا بًعذل 
-1

، N4 يههيضراو  5000: رش َاَىيىريا بًعذلN نخر
-1

ىو ي 30،40،50. انرش حى عهً رالد دفعاث بعذ 

نخر هكخار 1200بًعذل يٍ انسراعت 
-1

نضاف نهُباث افي كم دفعت. صًيع يؤشراث انًُى يٍ طىل َباث، عذد األوراق نكم َباث، انىزٌ انطازس و 

. صًيع يعايالث N3B1زادث يع انرش يانيىريا وانًيكىريسا يُفرديٍ او يضخًعيٍ. اعهً اسخضابت نطىل انُباث وأيضا نىزَت كاَج عُذ يعايهت 

( حبذو زائذة عٍ انحاصت N4( يٍ انُاَىيىريا. اإلضافت األعهً نهُاَىيىريا )N3نُاَىيىريا حفىقج عهً انيىريا انعاديت عهً األخص انًعذل األوسظ )ا

يٍ في انُباث زاد يع إضافت انُاَى يىريا. يحخىي انُيخروص Kو  Pو  N (. يحخىي الN3حيذ اَت نى يحذد اي ارحفاع بعذ اإلضافت انىسطً )

( راد بصىرة يهحىظت يع إضافت انيىريا. أضافت انيىريا عهً صىرة َاَىيىريا اربخج كفاءة ويًكٍ اسخخذايها بصىرة عًهيت NO3-Nانُخراحً )

نخر Nيههيضراو  2500( بًعذل N2حيذ اٌ اإلضافت انًُخفضت يٍ انُاَىيىريا )
-1

( بًعذل N1أعطج َخائش اعهً يٍ إضافت انيىريا انعاديت ) 

نخر Nيههيضراو  5000
-1

. 


