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ABSTRACT: This study was conducted during 2015 and 2016 growing seasons at a private 

orchard at El-Nubaria region, El-Behira Governorate, Egypt. The objective of this study was to 

investigate the response of "Anna" apple trees budded on Malus rootstock to three amounts of 

irrigation water using drip irrigation system; I1 : like irrigation water amount the local farmers in 

the studied regions ( control, 15.584 m
3
/tree/year ) , I2 :75% from the control ( 11.657 

m
3
/tree/year)   and I3 :50% from the control (7.792 m

3
/tree/year), foliar spray included four 

treatments :W (tap water without K and Mg ), K, Mg and K+ Mg, 4 times applications, starting 

after fruit set, and the others 15 days  intervals (K added as potassium sulphate at rate 2g/L , 

Mg added as magnesium sulphate at rate 2g/L) and their interactions on vegetative growth, 

water relations, leaf chlorophyll and mineral contents, yield and fruit quality of "Anna" apple 

trees. The experimental trees had the same volume and shape and were grown in a sandy loam 

soil, spaced at 5x5 meters apart and received the normal culture practices commonly adopted 

for this region. 

The main results can be summarized as follows: 

Foliar application of  investigated nutrients increased leaf area, specific leaf weight, leaf 

chlorophyll, leaf- N, P, K and Mg contents, fruit set, fruit weight, yield, fruit firmness, total soluble 

solids% and anthocyanin compared to the unsprayed trees in the two growing seasons. The 

application of K+Mg gave the highest values, the application of K alone was superior to the 

individual application of Mg. On the contrary, foliar spray with these nutrients didn't show a 

significant differences on fruit juice acidity in the two seasons. Also, it was observed that, K and 

(K+Mg) treatments significantly increased total water content and decreased water deficit 

percentage in leaves compared to Mg or control (W). Mg treatment decreased total water 

content compared to the control. 

As for the effect of irrigation rates, the results revealed that (I1) treatment was superior for leaf 

area, total water content, leaf chlorophyll reading and leaf-N, P, K and Mg contents. Also, fruit 

set as well as yield and fruit weight as compared to the other treatments in the two seasons. I2 

treatment recorded the highest values of specific leaf weight in the two seasons and total 

soluble solids in the second one. On the other hand, (I3) treatment gave the highest significant 

value of water deficit, fruit firmness and anthocyanin in the two seasons, and total soluble solids 

in the first season for "Anna" apple. 

The interaction effects between the foliar application of investigated nutrient and different 

irrigation treatments revealed that, (K+Mg) xI1 gave the highest significant mean values of  leaf 

area, total water content and leaf-P content in the second season, fruit weight in the first one, 

also, leaf-N and K contents as well as yield per tree and total yield (ton/fed) in both seasons, 

while the interaction between (K+Mg) and I3 gave the highest significant values of total soluble 

solids%, fruit juice acidity and anthocyanin in the first season, and fruit firmness in the second 

one.  

It could be recommended from this study that, Potassium and magnesium fertilizers have 

improved vegetative growth, yield and fruit quality of "Anna" apple and increasing water use 
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efficiency (WUE) under using a lot of water supply with no offering to water deficit condition. 

Sprayed "Anna" apple trees with Mg and K gave the best results as compared to the individual 

applications. 

Key words: Irrigation, Mg, K, "Anna" apple, leaf chemical composition, water relation, yield, 

fruit quality.  

 

INTRODUCTION 
Anna apple (Malus domestica, Borkh) is 

a low chilling requirement cultivar spreading 

in many tropic and subtropics areas. It is 

considered as one of the most important 

commercial cultivars planted in Egypt. It is 

well known that deficit water is one of many 

factors which have a negative effect on 

apple growth, yield and fruit quality. The 

degree of these effects depends on its 

impact on the plant physiological and 

biochemical, as well as molecular biological 

process and the ability of plant to adapt to 

drought stress (Atkinson et al., 2000; 

Massonnet et al., 2007). The drought stress 

has an influence on vegetative growth and 

total chlorophyll contents (Mikhael, et al., 

2010), specific leaf weight (dry matter per 

unit leaf area– SLW) (Pasban Eslam et al., 

2000), relative water content (Fanaei et al., 

2009) ), leaf water and osmotic potential 

(Chhabra et al., 2007).  Ali et al., (1998) and 

Khalil et al., (2000) who concluded that 

adequate water supply for apple trees is an 

important factor for maximizing it's 

production, these it may be attributed to the 

greater amount of synthesized metabolites 

which can be considered as a final result of 

improving all physiological processes 

including nutrient uptake (Khalil, 1991). 

Khalil et al., (2000) on apple, Mohamed 

(2003) on olive and El-Seginy (2006) on 

apricot, indicated that fruit quality was found 

to be better using a lot of water supply than 

water deficit conditions. In recent studies it 

became well established that mineral 

elements have a noticeable effect on 

increasing water use efficiency and draught 

resistance and flooding of cultivated plants 

(Soliman, 2003). This kind of research on 

plant water relationships has great value for 

agriculture in arid and semi-arid regions.                                                                                                                                

Potassium plays vital role in: 

photosynthesis, protein synthesis, control of 

ionic balance, regulation of plant stomata 

and water use, activation of plant enzymes 

and, many other processes (Marschner, 

1995 and Reddya, et al., 2004). Hence, 

under drought conditions, the accumulation 

of potassium increases in plant tissues that 

improves uptake of water from soil to plants. 

Increased application of K has been shown 

to enhance photosynthetic rate, plant growth 

and yield in different crops under water 

stress conditions (Yadav, et al., 1999 and 

Egilla, et al., 2001 ). In addition, El-sherif et 

al,. (2008) reported that, spraying "Golden 

Japanese" plum by four potassium fertilizer 

sources at bud burst, after fruit set and one 

month after fruit set increased significantly 

fruit set, yield, fruit weight and size, as well 

as total sugar and potassium percentages, 

while decreased fruit drop percentage in 

comparison with the control treatment. In 

addition, the tested treatments increased 

total carbohydrates and leaf macro-elements 

content.  

Magnesium (Mg) on the other hand, is an 

essential element for chlorophyll molecule 

structure that regulates photosynthesis 

process. Also, it acts an activator of many 

enzyme systems involved in carbohydrate 

metabolism and synthesis of nucleic acids. 

Furthermore, it plays an essential role in the 

biological activity of ATP (Jones et al., 

1991). Many investigators have started to 

study magnesium nutrition and 

determination of magnesium needs of 

economically important crops in Egypt 

(Salem 2007 and El-Fouly et al., 2012). 

Generally, the influence of magnesium on 

yield and fruit quality was reported by El-

Safty and Rabii, (1998) on Washington 

navel orange tree and Abou Aziz et al., 
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(2000), and Mostafa et al., (2007) on 

banana plants. They mentioned that 

magnesium fertilization improved yield and 

fruit quality of the abovementioned fruit 

species. On the other hand, Soliman, 

(2003), concluded that, foliar spray with 

nutrient solution including Fe, Mn, Zn and 

Mg could increase plant drought resistance 

through increasing bound water content, 

osmotic pressure of the cell sap and organic 

matter percentage of some deciduous fruit 

tree leaves leading to increasing water use 

efficiency of the plants.                                                      

The purpose of this study was investigate 

the effect of foliar application of either 

potassium, magnesium as well as their 

combinations under shortage in irrigation 

water  on vegetative growth, fruit set, leaf  

mineral content, yield and fruit quality of 

'Anna' apple  trees grown in a sandy loam 

soil located at El-Nubaria region, El-Beheira 

governorate, Egypt.  

 

MATERIALS AND METHODS 
 A field experiment was carried out during 

the two successive seasons of 2015 and 

2016 on eight years old "Anna" apple trees 

(Malus domesticaL. Borkh) budded on 

Malus communis rootstock spaced at 5x5 

meters apart and received the normal 

culture practices commonly adopted for this 

region and the drip irrigation was used. The 

trees were grown on sandy loam soil in a 

private orchard located at El-Nubaria, El-

Beheira governorate, Egypt. The chemical 

and physical analysis of experimental soil 

were indicated in Tables 1 and 2. 

Split plot design was used, treatments 

replicated three times every replicate was 

two trees. The foliar spray were randomized 

in the main plots and irrigation levels in the 

sub – plots. Foliar spray included four 

treatments :W (tap water), K, Mg and K + 

Mg, spraying was replicated 4 times, starting 

after Fruit set, at15 days intervals. Irrigation 

treatments included three levels :I1 :100% 

(control ) like practice by the local farmers in 

the studied regions, I2 :75% ( control ), and 

I3 :50% ( control).K added as potassium 

sulphate (48% K2O) at rate 2g/L , Mg added 

as magnesium sulphate at  rate 2g/L. All 

agricultural practices were carried out 

according to the crop and the area except 

the studied treatments which 

abovementioned. The daily amount of 

irrigation water as liters per tree for each 

level in both seasons are shown in Table 

(3). 
 

Table 1.Chemical properties of the experimental site:     
Soil   
depth   
(c m) 

pH EC     
(ds/m) 

O.M 
(%) 

CaCO3 

(%) 
Soluble cations 

(Meq/L) 
Soluble anions (Meq/L) 

Na
+
 Ca

+2
 Mg

+2
 K

+
 HCO3

-
 Cl

-
 SO4

--
 

0-30 8.10 1.72 0.85 19.4 4.26 8.61 2.80 1.59 1.40 1.80 14.10 

30-60 8.14 1.83 0.69 19.2 5.46 8.27 2.94 1.71 1.30 1.60 15.40 

Mean 8.12 1.77 0.77 19.3 4.86 8.44 2.87 1.65 1.35 1.70 14.75 

EC: were measured in the extract of soil paste at 25 C
0
, 

pH: was measured in 1:2.5 (soil water suspension)  
 

Table 2. Physical properties and water constants  of the experimental site: 

Soil    
depth 
(cm) 

Particle size distribution Soil moisture characteristics Bulk 
Density 

(g/cm
3
) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Soil texture F.C (%) WP (%) 
 

AW (%) 
 

0-30 69.91 18.07 12.02 Sandy loam 11.8 4.7 7.1 1.36 

30-60 67.89 18.63 13.48 12.8 4.7 8.1 1.34 

Mean 68.90 18.35 12.75 12.3 4.7 7.6 1.35 

FC: Field capacity,  WP: wilting point,  AW: available water. 
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Table 3. The daily amount of irrigation water as liters per tree for each level. 

Irrigation 
levels 

Months (liter/tree/day) Total 
(m

3
/tree/year) 

Jan. Feb. Mar April May June July Aug. Sept. Oct. Nov. Dec. 

I1 6 36 48 52 72 60 60 72 52 32 16 6 15.584 

I2 4 27 36 39 54 45 45 54 39 24 12 4 11.657 

I3 3 18 24 26 36 30 30 36 26 16 8 3 7.792 

 

Measurements and determinations: 
1- Some soil  chemical and 

physical properties:- 
The studied soil chemical characteristics 

such as soil reaction (PH) values were 

determined in 1:2.5 soil water suspension. 

Total soluble salts were measured by 

electrical conductivity (EC) apparatus in the 

saturated soil paste extract.  Soluble cations 

and anions (Ca
++

, Mg
++, 

,Na
+
 ,K

+  
,CO3

--

,HCO3
-
  and Cl

-
  as meq/L ) were determined 

in soil paste extract (Jackson ,1967).  So4
-- 

as meq/L was calculated by the difference 

between cation and anions .  

The studied physical characteristics and 

soil water constants were determined 

according to the (Klute, 1986).  

 

2- Leaf area and specific leaf 
weight:  

10 mature leaves were sampled in mid 

August to determine leaf area (cm
2
) by using 

a leaf area meter Model Li-core 3100 area- 

meter, and dry weight was recorded after 

drying at 70
º
 C  for 42 h., then specific leaf 

weight was calculated as mg/cm
2
 according 

to (Ferree and Forshey ,1988). 

 

3- Leaf mineral content:    
Leaf samples consisted of 30 leaves of 

each replicate was collected from the tested 

apple trees, at mid August, of both seasons. 

Leaf samples were taken from the middle 

part of current shoots, washed several times 

with tap water, rinsed into distilled water and 

dried at 70 
º
 C to a constant weight. The 

dried leaves were ground and digested with 

sulphoric acid and hydrogen peroxide 

according to the method described by 

Evenhuis and DeWaard, (1980). Nitrogen 

was determined by the microkjldhel Method 

according to Jakson, (1967) and 

Phosphorus was determined colorimetrically 

according to Murphy and Riley, (1962). The 

leaf-K and Mg content were determined by 

flame photometer E.E.L. Model (Jackson, 

1967). 
 

4- Some physiological 
measurements : 
4- 1- Total water content: Total water 

content was estimated by drying a known 

weight of the cleaned fresh green leaves in 

glass vials in an oven adjusted at 85 ºC until 

constant weight ,total water content was 

calculated by the following equation : 
 

                         

                       

             
     

 
4- 2- Water deficit: 10 discs about 1 

cm
2
 in diameter were cut from the mature 

leaves , weighted ,flooded into distilled water 

for some hours until they attain equilibrium 

,reweighed and oven dried at 85ºC for 24 

hours to reach a constant weight .Water 

deficit were calculated as (Barrs,1968) : 

                
 

                            

                              
      

 

      4- 3- Leaf total chlorophyll content 
(SPAD unit): leaf chlorophyll reading was 

recorded using minolta chlorophyll meter 
SPAD-502(Minolta camera. Co., LTD Japan) 
at the field in mid August. The average of 
ten readings was taken on the middle of 
leaves from all over the tree circumference. 
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5- Final Fruit Set and yield:  
Two main branches from two direction 

(east and west) of each tree were chosen 

and tagged in March of the two experimental 

seasons, the number of flowers was 

recorded and those set fruits on the selected 

branches were counted for calculating the 

percentage of fruit set according to this 

equation:                      

 
             
 

                       

                        
     

 

Yield as weight kg of fruits per tree was 

recorded at harvest time (3
rd

 week of June.). 

Furthermore , the yield per fed in ton was 

estimated by multiplying number of trees 

/fed. and average tree yield . Water use 

efficiency (WUE) kg/m3 was calculated 

according to Michael et al., (2010) by the 

following equation: 

WUE ( kg/m3) = 
     (

  

   
   )

              (
  

   
)
 

 

6- Fruit Physical and Chemical 
Properties: 

At harvest time 3
rd

 week of June, fruit 

weight (gm) was determined, fruit firmness(I 

b/inch
2
) was measured by fruit pressure 

tester on the two opposite sides of the fruit. 

Total soluble solids (%) of the juice was 

determined using a hand refractometer. 

Titrable acidity (%) was determined by the 

titration against (0.1N) NaOH (A.O.A.C., 

1981). Anthocyanin was determined 

(mg/100 g fresh weight peel) according to 

Rabino et al. (1977).                                                                                    

  

7- Statistical Analysis:  
All data collected were subjected to the 

standard statistical analysis following the 

proceeding described by Gomez and 

Gomez (1984) using the computer program 

(IRRISTAT). LSD was done at 5% for 

comparison between means.                               

 
RESULTS AND DISCUSSION 

1.   Vegetative growth: 

1.1. Leaf area and specific leaf 
weight:   

Data pertaining to leaf area and specific 

leaf weight of "Anna" apple trees as affected 

by foliar application with nutrients (K, Mg, 

and K+Mg) and irrigation treatments as well 

as their interactions are presented in Table 

(4). 

It was observed that foliar application 
treatments with nutrients significantly 
increased leaf area of "Anna" apple trees in 
the two seasons compared to the control. 
The effect of three spray treatments can be 
arranged in a descending order from 
(K+Mg), K to Mg. With respect to specific 
leaf weight it can be noticed a significant 
increase of the (K+Mg) treatment compared 
to the untreated ones (control) in the two 
seasons. Among to foliar application with K, 
Mg, and (K+Mg) there were no significant 
variation. The enhancement of vegetative 
growth by application of K may  be due to its 
vital contribution in several metabolic 
processes in plants, and its role on 
assimilating the photosynthetic reaction 
(Marschner, 1994).  These results are in line 
with those stated by Zayan et al., (2006) on 
"Thompson seedless" grapevines and 
Mikhael et al., (2010) on "Dessert Red" 
peach trees. They indicated that, K 
application enhanced leaf growth 
characteristics. On the other hand,  the 
increment  in leaf growth parameters as a 
result of foliar spray with Mg may be 
attributed to its role as the central atom of 
chlorophyll molecule, converts light energy 
into chemical energy and is essential for 
photosynthesis (Allison, et al., 2001). Also, 
Mostafa et al., (2007) and , Soliman, (2003), 
indicated that foliar spray of  Mg improved 
growth parameters. 

Concerning the effect of irrigation 

treatments data clearly showed that, leaf 

area has been reduced significantly with 

decreasing soil moisture content in both 

seasons in "Anna" apple trees. As for the 

specific leaf weight there were a significant 

differences between irrigation treatments 

under investigation, whereas the highest 

values of specific leaf weight were produced 

by irrigation the trees at 75% from the 

control ( I2 ), while the lowest values were 



 
 
 
 
Soliman and Abo-Ogiela 

 

104 

recorded with trees irrigated at 50% from the 

control ( I3 ). The reduction in leaf area could 

be attributed to the great inhibition of cell 

enlargement under reducing cell turgidity  

(soliman,2003).In addition, Mpelascoka et 

al., (2001) indicated that the reduction in 

tree growth under water stress condition 

could be due to lower photosynthetic rate 

and stomatal conductance. The obtained 

results are in line with those of Nawar and 

Thanaa(1993) on Apricot seedlings, El-

Shereif (1998) on some Grape varieties and 

Mikhael et al., (2010) on "Dessert Red" 

peach. They found that leaf growth was 

significantly reduced under water stress.    

The significant influence of the interaction 

between foliar application with K, Mg, and 

(K+Mg) and studied irrigation treatments on 

leaf area was recorded in "Anna" apple trees 

in the second season. I1 x (K+Mg) treatment 

gave the highest value of area per leaf. 

Meanwhile, the least value belonged the I3 x 

W treatment. Regarding to specific leaf 

weight, the interactions between nutrient 

sprays and tested irrigation treatments didn't 

exert any significant effect in both seasons.  

 
1.2. Water relations: 

Total water content and water deficit 

percentage in "Anna" apple leaves as 

affected by foliar spray with nutrient solution 

(Mg, K, and K+Mg) and irrigation treatments 

as well as their interaction are shown in 

Table ( 4 ). 

Concerning the effect of foliar spray with 

Mg, K, and (K+Mg) it was observed that, K 

and (K+Mg) treatments significantly 

increased total water content and decreased 

water deficit percentage in leaves compared 

to Mg treatment or control (W). This results 

were true in both seasons. Potassium has 

greater role in the maintenance of water 

economy of plant by increasing relative 

water contents under water stress 

conditions. This is due to the increasing root 

length and more absorption of water from 

roots and then maintenance of water in leaf 

cells by closing the stomata.  Also, Aslam et 

al., (2013) reported that, such kind of 

increase in relative water contents with 

potassium application might be recognized 

to increase cell turgor by osmotic 

adjustment. Similar findings were also 

reported by Umar and Moinuddin (2002). On 

the contrary, El-Sammak and Zayan (1988), 

Soliman (2003) and Vafaie et al., (2013) 

found that leaf moisture content was 

decreased by Mg fertilization, due to 

increasing dry matter percentage. 

As for irrigation treatments effect, data 

indicate that, total water content was 

significantly decreased while water deficit 

percentage was increased in leaves of 

"Anna" apple trees by decreasing soil 

moisture content in the two seasons. Total 

water content of leaves increased as 

available water in the soil increased, 

consequently the water deficit percentage 

decreased. These results agree with those 

of El-Shereif (1998) on some Grape 

varieties, Abd El-Messeih (2000) on "Anna" 

apple trees, soliman (2003) on some 

deciduous fruit trees and Mikhael et al., 

(2010) on peach. 

The interaction between foliar spray with 

studied nutrient solution and irrigation 

treatments recorded significant effect on 

total water content in leaves of "Anna" apple 

trees in the second season. As the trees 

were sprayed with (K+Mg) or K gave the 

highest value under control ( I1), while the 

lowest values were produced when trees 

were unsprayed with nutrients (W) and 

irrigated at 50% from control (I3). With 

regard to water deficit percentage, the 

interaction between foliar spray with nutrient 

and irrigation treatments didn't exert any 

significant effect in the two season. 

 
1-3- Leaf chlorophyll reading:  

Leaf chlorophyll reading of "Anna" apple 

trees as affected by foliar spray with nutrient 

solution (Mg, K, and K+Mg) and irrigation 

treatments as well as their interactions are 

shown in Table (4). 

Foliar spray with investigated elements 

(Mg, K and K+Mg) revealed a significant 
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increase in leaf chlorophyll compared to the 

unsprayed trees in the two growing seasons. 

Among the foliar spray treatments, the 

application of K+Mg gave the highest leaf 

chlorophyll value followed by Mg treatment 

compared to K. The favorable effect of the 

nutrients spray might be due to its role in 

chlorophyll synthesis. These results are in 

harmony with those reported by El-Sabrout 

and Kassem (2002) on orange and El-

Seginy (2006) on "Canino" apricot, they 

found that the highest leaf chlorophyll 

reading was associated with high level of 

potassium fertilization. On the contrary, El-

Morshedy (1997) and Mikhael et al., (2010) 

on peach mentioned that the chlorophyll 

values were depressed as potassium dose 

increased. On the other hand, The 

enhancement effect of Mg on leaf total 

chlorophyll content may be attributed to the 

fact that Mg is an essential element for 

chlorophyll molecule structure that regulates 

photosynthesis (Spiegel – Roy and 

Goldschmidt, 2008). Also, the increase in 

the amount of Mg application leads to an 

increase in leaf total chlorophyll content and 

hence photosynthesis level was increased 

(Salama, et al., 2014). 

 
Table (4). Effect of foliar spray with potassium and magnesium elements on leaf area, 

specific leaf weight, total water content, water deficit and chlorophyll content 
of Anna apple trees under water deficit condition during 2015 & 2016 seasons. 

 

chlorophyll 
content 
(SPAD) 

Water deficit 
(%) 

Total water 
content (%) 

specific leaf 
weight 
mg/cm

2
)) 

leaf area 
(cm

2
) 

Treatments 

2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 Irrigation Foliar 
application 

51.2 51.2 18.80 16.80 70.22 74.04 10.37 10.61 34.01 33.07 I1 W 

50.4 51.0 22.50 20.50 68.76 70.62 10.15 11.72 33.08 32.47 I2 

48.4 47.3 24.60 23.45 62.52 63.96 9.69 9.47 27.06 25.68 I3 

56.3 58.0 16.96 14.70 68.31 73.42  11.71 11.13 42.24 40.78 I1 Mg 

55.0 57.8 19.45 19.30 66.80 70.03 12.79 10.99 35.40 37.08 I2 

51.0 50.5 21.30 22.35 64.20 64.40 11.37 10.40 29.13 30.28 I3 

54.2 56.6 14.60 14.05 71.98 75.49 11.87 10.79 43.10 43.70 I1 K 

53.0 54.2 19.10 17.20 70.13 71.72 12.07 11.22 40.02 39.63 I2 

49.6 48.3 20.68 20.30 66.33 66.39 11.01 10.78 30.41 30.22 I3 

58.3 59.3 14.30 13.95 71.85 75.85 12.22 11.30 45.35 44.00 I1 K+Mg 

58.3 58.8 19.09 17.10 68.76 73.48 11.74 11.27 42.27 42.19 I2 

52.6 53.1 20.48 20.07 64.64 66.88 11.62 11.07 31.75 31.49 I3 

Average foliar application 

50.00 49.83 21.97 20.25 67.17 69.54 10.07 10.60 31.38 30.41 W 

54.10 55.43 19.24 18.78 66.44 69.28 11.96 10.84 35.59 36.05 Mg 

52.27 53.03 18.13 17.18 69.48 71.20 11.65 10.93 37.84 37.85 K 

56.40 57.07 17.96 17.04 68.42 72.07 11.86 11.21 39.79 39.23 K+Mg 

Average irrigation 

55.00 56.27 16.16 14.87 70.59 74.70 11.54 10.96 41.17 40.39 I1 

54.17 55.45 20.03 18.52 68.61 71.46 11.69 11.30 37.69 37.84 I2 

50.40 49.80 21.76 21.54 64.42 65.41 10.92 10.34 29.59 29.42 I3 

1.36 1.97 0.98 1.10 1.16 1.19 0.74 0.55 1.93 1.68 Foliar Appl. LSD 

(5%) 0.87 1.68 0.76 0.68 0.74 0.77 0.42 0.51 0.77 1.91 irrigation  

NS NS NS NS 1.48 NS NS NS 1.55 NS Interaction 
I1, I2 and I3 :100%(control), 75%(control) and 50%(control) ; W: tap water, Mg, K: magnesium ,potassium 
application 
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With regard to irrigation treatments and 

their effects on leaf chlorophyll content, the 

results showed that there were significant 

differences among treatments in the two 

seasons. I1 treatment (control) gave the 

highest values of leaf chlorophyll while 

irrigated trees at 50% from control (I3) 

recorded the lowest value in the first and 

second seasons. The reduction in leaf 

chlorophyll due to the shortage of water 

supply could be explained by a suppression 

of nutrients absorption specially N and Mg 

elements via the root and by plastid 

breakdown under water stress conditions. 

The obtained results agree with those of El-

Shereif (1998) on some Grape varieties , 

Soliman (2003) on some deciduous fruit 

trees.  

The interaction between foliar application 

of studied nutrients and irrigation treatments 

on leaf chlorophyll didn't record any 

significant influence in the two seasons. 

 

2. Leaf- NPK and Mg contents: 
Data pertaining to leaf macronutrients of 

"Anna" apple trees as affected by foliar 

application of nutrient (K, Mg, and K+Mg) 

and irrigation treatments as well as their 

interactions are presented in Table (5). 

 

Table (5). Effect of foliar spray with potassium and magnesium elements on leaf 
macronutrients of Anna apple trees under water deficit condition during 2015 
& 2016 seasons. 

Leaf-Mg 
content (%) 

Leaf-K 
content (%) 

Leaf-P 
content (%) 

Leaf-N 
content (%) 

Treatments 

2016 2015 2016 2015 2016 2015 2016 2015 Irrigation Foliar application 

0.35 0.35 1.43 1.41 0.22 0.25 2.33 2.40 I1 W 

0.29 0.31 1.30 1.37 0.22 0.21 2.20 2.11 I2 

0.27 0.26 1.23 1.24 0.17 0.14 1.95 1.93 I3 

0.43 0.42 1.40 1.48 0.30 0.29 2.53 2.47 I1 Mg 

0.38 0.38 1.39 1.45 0.27 0.25 2.40 2.33 I2 

0.35 0.33 1.23 1.32 0.22 0.21 2.18 2.00 I3 

0.35 0.39 1.69 1.77 0.32 0.30 2.59 2.47 I1 K 

0.33 0.36 1.75 1.75 0.30 0.28 2.46 2.42 I2 

0.30 0.29 1.40 1.38 0.22 0.20 2.23 2.05 I3 

0.47 0.47 1.79 1.80 0.34 0.32 2.63 2.50 I1 K+Mg 

0.43 0.42 1.80 1.79 0.32 0.30 2.51 2.46 I2 

0.36 0.34 1.43 1.40 0.23 0.24 2.26 2.16 I3 

Average foliar application 

0.30 0.31 1.32 1.34 0.20 0.20 2.16 2.15 W 

0.39 0.37 1.34 1.42 0.26 0.25 2.37 2.27 Mg 

0.33 0.35 1.61 1.63 0.28 0.26 2.43 2.31 K 

0.42 0.41 1.67 1.66 0.30 0.29 2.47 2.37 K+Mg 

Average irrigation 

0.40 0.41 1.58 1.61 0.29 0.29 2.52 2.46 I1 

0.36 0.37 1.56 1.59 0.28 0.26 2.39 2.33 I2 

0.32 0.31 1.32 1.33 0.21 0.20 2.15 2.03 I3 

0.02 0.01 0.05 0.03 0.02 0.02 0.04 0.10 Foliar application LSD 

(5%) 0.02 0.02 0.02 0.02 0.01 0.02 0.06 0.05 irrigation 

NS NS 0.05 0.04 0.02 NS 0.11 0.09 Interaction 
I1, I2 and I3 :100%(control), 75%(control) and 50%(control); W: tap water, Mg, K: magnesium ,potassium 
application 
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Concerning the effect of nutrient sprays 

on "Anna" apple trees, it was found that 

solution spray of nutrient significantly 

increased leaf-N,P,K and Mg contents in 

both seasons. The highest values were 

obtained with (K+Mg) treatment, likewise the 

lowest values were produced when no 

nutrient sprays were applied. With respect to 

the individual application of Mg and K, the 

application of K was superior to Mg 

application on leaf-N,P and K contents, 

however the application of Mg was superior 

to K on leaf-Mg content. The obtained 

results regarding the effect of magnesium 

fertilizer on leaf mineral content  go in line 

with the finding of Ahmed and Morsy (2001) 

on Canino apricot and Fawzi et al. (2010) on 

Le Conte pear;. They noticed that 

magnesium fertilizer improved leaf mineral 

content of the aforementioned fruit species. 

Also spraying potassium was highly effective 

in improving, nutritional status of "Anna" 

apple trees (Mosa, et al., 2015).  In addition, 

El-sherif et al,. 2008 reported that, spraying 

"Golden Japanese" plum by four potassium 

fertilizer sources at bud burst, after fruit set 

and one month after fruit set increased 

significantly leaf macro-elements content.         

As for irrigation treatments data showed 

that, irrigation treatments had significant 

effect on leaf-N,P,K and Mg contents of 

"Anna" apple trees in both seasons, 

whereas the deficit of irrigation water up to 

50% of control decreased leaf-N,P,K and Mg 

contents to lowest values. On the other 

hand, the highest values were recorded at 

control (unstressed plants).   These results 

could be led to a conclusion that nutrients 

uptake was retarded under water stress 

conditions, where the root failed to absorb 

the accumulative valuable nutrient elements 

(Mikhael, et al, 2010). Moreover, depletion 

of soil moisture level caused a reduction in 

leaf mineral contents due to reduced active 

rooting as an indirect influence (Abd El- 

Messeih and El-Gendy, 2004). The results 

are in partial agreement with those found by 

many investigators such as Hussein (1998) 

on 'Anna" apple trees, Fathi et al. (1999) on 

some deciduous fruit rootstocks,  Abd EL 

Messeih (2000) on apple  and Mikhael 

(2007) on "Anna" apple trees. They 

concluded that, leaf mineral content and 

significantly increased as a result of 

optimum irrigation rate applied. 

Leaf-N,P and K contents of "Anna" apple 

trees significantly responded to interaction 

between foliar application with K, Mg and 

K+Mg and irrigation treatments in both 

seasons, while leaf-Mg content didn't exert 

any significant affect in both seasons. The 

highest values of leaf-N,P and K were 

obtained by I1 treatment (control) when the 

plants were sprayed with K and Mg, while 

the lowest values was produced by 

I3treatment (50% from control) when plants 

received no foliar applications of the nutrient 

solution (W). 

 

3.  Yield: 
Fruit set, yield and fruit weight of "Anna" 

apple trees as affected by foliar spray with 

nutrient solution (Mg, K and K+Mg) and 

irrigation treatments as well as their 

interaction are shown in Table (6). 

The obtained results show that all sprays 

significantly increased fruit set, yield per tree 

(kg) and total yield(kg/fed) in the two 

growing seasons. The effect of (K+Mg) 

treatment has exceeded the effects of the 

other two treatments, while the effect of Mg 

has logged behind the effect of K. With 

regard to fruit weight, in the first season 

(K+Mg) treatment significantly increased fruit 

weight over the other two treatments and 

control, while in the second one all foliar 

spray treatments recorded a significant 

increase  in fruit weight compared to the 

control. Similar trend was found by Kilany 

and Kilany (1991) on apple trees, El-Seginy 

(2006) on "canino" apricot trees and Mikhael 

et al., (2010) on peach trees, who reported 

that potassium fertilization treatments 

produced a significant increase in yield by 

the stimulation effect of potassium in 

increasing number of fruit per tree and 
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average fruit weight. As for magnesium 

effect, the results were supported by those 

obtained with Fawzi  et al., (2010) on Le 

Conte pear trees, who stated that yield 

expressed  in weight and number of fruit/tree 

was positively affected by spraying 

magnesium sulphate.                                                                               

    

Table (6). Effect of foliar spray with potassium and magnesium elements on fruit set, 
yield, water use efficiency (WUE) and fruit weight of Anna apple trees under 
water deficit condition during 2015 & 2016 seasons.  

 

Fruit weight 
(gm), 

Water use 
efficiency 
(kg/m

3
) 

Yield 

(ton/fed) 

Yield 

Kg/tree)) 

Fruit Set 

)%( 

 

Treatments 

2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 Irrigation Foliar 
application 

156 161 1.49 1.60 3.928 4.203 23.38 25.02 13.72 12.38 I1 W 

131 155 1.47 1.73 2.885 3.429 17.17 20.41 10.08 10.10 I2 

128 123 1.91 2.05 2.514 2.688 14.96 16.04 8.78 7.94 I3 

184 182 2.00 1.96 5.252 5.134 31.27 30.56 18.35 15.12 I1 Mg 

148 140 2.01 1.72 3.948 3.372 23.50 20.07 13.79 11.93 I2 

133 134 2.39 2.31 3.137 3.038 18.67 18.08 10.96 9.95 I3 

181 183 2.07 2.05 5.425 5.390 32.29 32.08 18.95 15.87 I1 K 

151 145 2.19 2.14 4.301 4.185 25.60 25.03 15.02 12.38 I2 

133 152 2.58 2.72 3.387 3.567 20.16 21.23 11.83 10.50 I3 

188 195 2.23 2.27 5.863 5.964 34.90 35.50 20.48 17.56 I1 K+Mg 

160 164 2.54 2.58 4.981 5.399 29.65 30.10 17.40 14.89 I2 

131 154 2.70 2.95 3.538 3.872 21.06 23.05 12.36 11.07 I3 

Average foliar application 

138 152 1.63 1.80 3.109 3.440 18.50 20.49 10.86 10.14 W 

155 146 2.14 2.00 4.112 3.848 24.48 22.90 14.37 12.33 Mg 

155 160 2.28 2.31 4.371 4.387 26.02 26.11 15.27 12.92 K 

159 171 2.49 2.60 4.794 5.078 28.54 29.55 16.75 14.51 K+Mg 

Average irrigation 

177 180 1.95 1.97 5.117 5.173 30.46 30.79 17.87 15.23 I1 

147 147 2.05 2.04 4.029 4.101 23.98 23.90 14.07 12.32 I2 

131 145 2.40 2.51 3.144 3.291 18.71 19.60 10.98 9.86 I3 

6.97 9.63 0.13 0.19 0.171 0.222 1.02 1.22 0.87 0.72 Foliar Appl. LSD 

(5%) 9.21 7.43 0.25 0.19 0.213 0.188 1.27 0.90 0.89 0.86 irrigation  

NS 14.86 NS 0.38 0.425 0.376 2.53 1.79 NS NS Interaction 
 

I1, I2 and I3 :100%(control), 75%(control) and 50%(control); W: tap water, Mg, K: magnesium ,potassium 
application 
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Concerning the effect of irrigation 

treatments, data presented in Table (6) 

showed that the maximum fruit set, 

yield(kg/tree), total yield (ton/fed)and fruit 

weight of "Anna" apple trees were gained by 

treatment I1 in the two growing seasons. 

However, the lowest fruit set percentage, 

yield and fruit weight were recorded from 

treatment I3 which received the least water 

amount in the first and second seasons. 

These results may be attributed to the 

greater amount of synthesized metabolites 

which can be considered as a final result of 

improving all physiological processes 

including nutrient uptake (Khalil, 1991). 

These results are in full agreement with 

reported by Ali et al., (1998), and Khalil et 

al., (2000), who stated that adequate water 

supply for apple trees in an important factor 

for maximizing its production. Also, these 

results agreement with reported by El-

Seginy (2006) on "canino" apricot trees and 

Mikhael et al., (2010) on peach trees.  

The interaction effect on  yield(kg/tree) 

and total yield (ton/fed) was significant in the 

two growing seasons, when the highest yield 

was obtained by combination between  

(K+Mg) and I1 treatments, while the lowest 

yield was recorded by combination between 

W x I3. As for fruit weight, the interaction was 

recorded in the first season, when the 

highest value of fruit weight was obtained  

with (K+Mg) x I1, while the lowest value was 

recorded by  W x I3 treatment. 

 

4.  Water use efficiency: 
Water use efficiency ( WUE ) used in this 

study to evaluate the effectiveness of 

irrigation and foliar spray with Mg, K and 

K+Mg and their interaction for maximum 

utilization of water supplies in "Anna" apple 

trees. It is clear from data in Table (6) that, 

the highest significant values of WUE were 

obtained from trees sprayed with (K+Mg) in 

both seasons followed in descending order 

by those sprayed with K and Mg, 

respectively. Similar results were obtained 

Mikhael et al., (2010) and Jaroszewska, 

(2015), who found that water use efficiency 

(WUE) increased by fertilization treatments. 

WUE significantly increased under water 

shortage conditions(I3) and decreased when 

water was more available (I1). Which may 

indicate that the plants make better use of 

water under conditions of scarcity water than 

under optimal moisture (Medrano et al. 

2009, Yin et al. 2012 and Jaroszewska , 

2015 ). The transpiration intensity is closely 

correlated to the water use effectiveness in 

the plants during their vegetation period 

(Jaroszewska , 2015). 

The significant influence of the interaction 

between foliar spray with tested nutrient and 

irrigation treatments on water use efficiency 

(WUE) was observed in "Anna" apple trees 

in the first season only. The highest values 

was estimated for deficit irrigation rate with  

K+Mg foliar application, while the lowest 

WUE recorded by unsprayed trees (W) 

under control (I1). 

 

5.  Fruit firmness: 
Effect of the nutrient solution (Mg, K, and 

K+Mg) and irrigation treatments as well as 

their interaction on fruit firmness of "Anna" 

apple trees are presented in Table (7). 

The effect of nutrient solution (Mg, K, and 

K+Mg) on firmness "Anna" apple fruits 

showed a significant variation in the two 

seasons, whereas the trees sprayed with 

K+Mg  gave the highest firmness followed 

by K treatment, while the least significant 

value was detected in unsprayed trees (W)in 

both seasons. Similar trend was found by El-

Seginy (2006) on "Canino" apricot, Abd El-

Fatah et al., (2008) on "Costata" persimmon 

and Mosa et al., (2015) on "Anna" apple 

Who reported that potassium sulphate 

increased fruit firmness. The role of Mg 

could be also explained in increasing fruit 

firmness was similar to the role of Ca in 

increasing cell membrane integrity by 

binding to the polar head groups of 

phospholipids (Frag and Nagy, 2012). 
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Table (7). Effect of foliar spray with potassium and magnesium elements on fruit firmness, 
total soluble solids, acidity and anthocyanin of Anna apple trees under water 
deficit condition during 2015 & 2016 seasons. 

Anthocyanin 
(mg/100 g 

fresh weight 
peel) 

 

acidity  

(%) 

 

Total soluble 
solids (%) 

 

fruit firmness 
(I b/inch

2
) 

 

Treatments 

2016 2015 2016 2015 2016 2015 2016 2015 Irrigation Foliar application 

21.33 21.24 0.49 0.51 10.66 10.94 8.81 9.05 I1 W 

22.06 21.93 0.50 0.54 11.01 11.25 9.36 10.15 I2 

22.49 22.09 0.52 0.55 11.11 11.03 10.48 10.43 I3 

21.56 21.69 0.48 0.47 10.60 11.01 8.90 9.33 I1 Mg 

22.63 22.33 0.51 0.51 11.57 11.57 9.53 10.52 I2 

22.86 22.73 0.52 0.51 11.33 11.32 10.64 10.58 I3 

25.27 24.43 0.45 0.50 11.35 11.14 9.75 10.10 I1 K 

27.86 27.68 0.51 0.52 12.14 11.95 10.97 10.94 I2 

28.40 28.31 0.51 0.52 11.97 11.96 11.03 11.21 I3 

25.43 25.27 0.48 0.52 11.78 11.15 9.75 10.49 I1 K+Mg 

30.10 29.80 0.51 0.53 12.55 12.04 11.01 10.81 I2 

30.00 30.18 0.51 0.54 12.50 12.81 11.54 11.63 I3 

Average foliar application 

22.07 21.75 0.50 0.53 10.93 11.07 9.55 9.88 W 

22.35 22.25 0.50 0.50 11.17 11.30 9.69 10.14 Mg 

27.18 26.81 0.49 0.51 11.81 11.68 10.52 10.75 K 

28.51 28.41 0.50 0.53 12.28 12.00 10.77 10.98 K+Mg 

Average irrigation 

23.40 23.16 0.47 0.50 11.10 11.06 9.30 9.74 I1 

25.66 25.43 0.51 0.52 11.82 11.70 10.17 10.60 I2 

26.02 25.83 0.51 0.53 11.72 11.78 10.92 10.96 I3 

1.38 0.56 NS NS 0.64 0.42 0.30 0.17 Foliar application LSD 

(5%) 0.96 0.50 0.02 NS 0.40 0.31 0.12 0.21 irrigation 

NS 1.01 NS 0.05 NS 0.62 0.24 NS Interaction 

I1, I2 and I3 :100%(control), 75%(control) and 50%(control); W: tap water, Mg, K: magnesium ,potassium 
application 
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As for the effect of irrigation treatments, 

the results clearly showed that fruit firmness 

markedly increased with decreasing water 

applied rates in both seasons. These 

findings were more pronounced with water 

irrigation at 50% of control (I3). Such results 

may prove that the amount of applied water 

affects firmness. Such results were obtained 

by Ali et al., (1998), Abd El-Messeih 

(2000)and Khalil et al., (2000) on apple, El-

Seginy (2006) on "Canino" apricot and 

Mikhael et al., (2010) on peach, who 

concluded that fruits produced under dry 

conditions were higher in the firmness value. 

The significant effect of the interaction 

between foliar spray with Mg, K and K+Mg 

and irrigation treatments on fruit firmness of 

"Anna" apple trees was recorded in the 

second season. The highest fruit firmness 

was produced by K+Mg treatment with water 

irrigation at 50% of control (I3), while 

unsprayed trees under control (I1) gave the 

lowest firmness value. 

 

6.  Total soluble solids, acidity and 
anthocyanin content: 
The effect of foliar spray with nutrient 

solution (Mg, K, and K+Mg) and irrigation 

treatments and their interactions on total 

soluble solids, acidity and anthocyanin of 

"Anna" apple fruits in the two growing 

seasons are presented in Table (7).                                      

Referring to the effect of foliar spray with 

tested nutrients, data indicated that total 

soluble solids and anthocyanin content were 

increased as a result of foliar spray with all 

nutrients under investigation, whereas K+Mg 

treatment recorded a significant increase of 

total soluble solids percentage and 

anthocyanin value followed by K treatment, 

while the unsprayed trees gave the lowest 

total soluble solids percentage and 

anthocyanin value in the first and second 

seasons. As for fruit juice acidity, the results 

didn't show a significant differences in the 

two growing seasons. These results are in 

line with Kassem and El-Seginy (2002), El-

Sabrout and Kassem (2002), El-Seginy 

(2006) and Mikhael et al., (2010) working on 

several fruit crops, they reported that, TSS 

%, acidity % and anthocyanin value were 

positively related to potassium applied. They 

added that the lower hydrogen ion 

concentration with the concomitant positive 

correlation between potassium supply and 

total organic acids as potassium was 

increased. The obtained results of 

magnesium fertilizer regarding their positive 

effect on fruit physical and chemical 

properties are harmony with the finding of 

Ahmed and Morsy (2001) on Canino apricot; 

El-Seginy et al. (2003) on Anna apple; and 

Fawzi et al. (2010) on Le Conte pear. They 

mentioned that magnesium fertilizer 

improved fruit physical and chemical 

properties of the aforementioned fruit 

species.                                             

Concerning the effect of irrigation 

treatment, data showed that total soluble 

solids percentage and anthocyanin value 

were significantly increased in the I3 

treatment followed by I2 compared to I1 in 

both season, the difference between I3 and 

I2 treatments was not enough to be 

significant. On the contrary the acidity% 

significantly increased with I3 treatment 

followed by I2 with no significant difference 

between them compared to I1 in the second 

season, while in the first one the variation 

between treatments were not enough to be 

significant. These results indicated that fruit 

quality of "Anna" apple trees was to better 

by using a lot of water supply. These results 

agreed with those reported by Khlil et al., 

(2000), Mohamed (2003), El-Seginy (2006) 

and Mikhael et al., (2010) on several fruit 

crops.                                   

As for the interaction effect between foliar 

spray with investigation nutrients and 

varying irrigation levels on total soluble 

solids%, acidity% and anthocyanin value a 

significant differences were observed in the 

first season, whereas the highest 

percentage of total soluble solids, acidity 

and anthocyanin value were belonged to the 

combination between K+Mg and I3 
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treatments, while the lowest values were 

recorded by unsprayed trees under control 

(I1).       
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 دة الثمار وجو  والإنتاجيةغنسيوم على الحالة الغذائية اتأثير الرش بالبوتاسيوم والم
 " تحت ظروف النقص المائيآنالأشجار التفاح "صنف 

 

 هشام محمد عبدالحميد أبوعجيله محمد على محمد سليمان ،
 مصر –الجيزة  –معيد بحوث البساتين الزراعية  -مركز البحوث 

 الملخص العربى
مصر بيدف دراسة  –بحيرة  –مزرعة خاصة بمنطقة النوبارية  في 2016و  2015ىذه الدراسة خلال موسمي  أجريت
جم/لتر 2سمفات الماغنسيوم او الاثنين عند معدل  أوبسمفات البوتاسيوم  الورقي" لمعاملات الرش آناالتفاح "  أشجاراستجابة 

 الريوثلاث مستويات من  -يوم  15 والأخرىيكون بين الرشة  أنمرات بداية من عقد الثمار عمى  4لكل منيم  وتم الرش 
% من 75عند  الريوىو  الثانيوالمستوى  –يمارسو المزارع حسب ظروف المنطقة وىو الكنترول  الذي الطبيعي الري: ىي

 :يمي النتائج المتحصل عمييا فيما أىمويمكن تمخيص ,% من الكنترول 50عند  الريوالمستوى الثالث وىو  –الكنترول 
زيادة مساحة الورقة و الوزن  فيمتمثمة  الخضريالنمو  فيزيادة معنوية  إلى معاملات الرش بالعناصر المستخدمة أدت -1

 ووزن الثمار نسبة العقد زيادة إلى أدتو محتوى الورقة من العناصر كما  الكموروفيللمورقة ومحتوى الورقة من  النوعي
الكمية  زيادة درجة الصلابة لمثمار و نسبة المواد الصمبة الذائبة فيجودة الثمار متمثمة تحسين زيادة المحصول و  وبالتالي

 .كلا الموسمين فيمحتوى الثمار من الحموضة  يتأثربينما لم  مقارنة بالكنترول والانثوسيانين
نة بتمك المعاممة بالبوتاسيوم القيم بالنسبة لمصفات السابقة مقار  أعمىالمعاممة بالبوتاسيوم و الماغنسيوم  الأشجارسجمت  -2

 من المعاممة بالماغنسيوم. تأثيرا أكثرالماغنسيوم كلا عمى انفراد وكانت المعاممة بالبوتاسيوم  أو
البوتاسيوم مع الماغنسيوم قد زادت من نسبة محتوى الماء الكمى بالورقة وانخفضت  أوبالبوتاسيوم مع المعاممة  أن أيضاتلاحظ  -3

 .الأوراق في خفض محتوى الماء الكمى إلىالمعاممة بالماغنسيوم  أدتوفى المقابل  الأوراق في المائينسبة النقص 
زيادة  فيمتمثلا  الخضريالنمو  فيزيادة معنوية  إلى أدتقد )الكنترول(  الريمن  الأولىالمعاممة  إنكما بينت النتائج  -4

 –بوتاسيوم  –فوسفور  –من العناصر ) نتروجين  الأوراقمحتوى  من الماء الكمى و الأوراقمحتوى مساحة الورقة و 
طن/فدان مقارنة  أووزن الثمرة و المحصول معبرا عنو كجم/شجرة  نسبة العقد وزيادة زيادة إلى أدتماغنسيوم(  كما 

 كلا الموسمين. في الأخرىبالمعاملات 
الموسمين( والمواد  فيلمورقة ) النوعيالوزن  فيزيادة معنوية  %من الكنترول75عند  الريسجمت المعاممة الثانية وىى  -5

 (.الثانيالموسم  فيالصمبة الكمية الذائبة )
و درجة الصلابة  للأوراق المائينسبة النقص  فيزيادة معنوية  % من الكنترول50عند  الريسجمت المعاممة الثالثة وىى  -6

 فينسبة المواد الصمبة الذائبة الكمية  في، وزيادة معنوية  كلا الموسمين فيقشرة الثمار  فيلمثمار وقيمة الانثوسيانين 
 .الأولالموسم 

قيم  أعمى)الكنترول(  الطبيعي الريتحت مستوى  والريبالمغذيات  الورقينتائج التفاعل بين معاملات الرش  أعطت -7
 الأوراق فيمحتوى الماء الكمى  وية لكل من:  مساحة الورقة معنو  قيم  وأعمى فقط الأولالموسم  في وزن الثمرةلمعنوية 

،  سجل محتوى الورقة من النتروجين و البوتاسيوم أخرىمن ناحية  – فقط الثانيالموسم  في محتوى الورقة من الفوسفورو 
 كلا الموسمين. فيطن/فدان زيادة معنوية  أو/شجرة كجمبالو كمية المحصول معبرا عنو 

زيادة  إلى% من الكنترول 50عند  الريبالبوتاسيوم و الماغنسيوم مع مستوى  الأشجارمعاممة  التفاعل بين أدىكما  -8
، ودرجة  الأولوسم الم فينسبة المواد الصمبة الذائبة الكمية ، وكذلك نسبة الحموضة و قيمة الانثوسيانين  فيمعنوية 

 الثانيموسم ال فيصلابة الثمار 


