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ABSTRACT 

 
The present investigation was carried out in two successive seasons of 2013 and 2014 on Keitt mango 

trees grown in sandy soil under drip irrigation system in National Research Centre, Researches and production 
Station, at El-Nobaria district, El-Behaira Governorate, Egypt. Trees were sprayed five times (one month 
intervals) with potassium nitrate at 0.0,1 and 2%, zinc sulfate at 200 ppm and boric acid at 200 ppm. Spraying 
started at March in the two seasons to study their effects upon growth, leaf mineral content, tree yield and 
fruit quality as well. Obtained  results showed that, spraying Keitt mango trees five times with potassium 
nitrate at 2% combined with boric acid at 200ppm significantly increased number of branches/tree, branch 
diameter, number of leaves/branch, number of panicles/tree, number of retained fruits/tree, weight of fruit, 
fruit yield/tree and fruit quality parameters (i.e. TSS%, total sugars % and vitamin C), but it decreased fruit 
acidity. Whereas, using the low concentration of potassium nitrate (1%) combined with zinc sulfate at 200 ppm 
decreased the number of malformed panicles/trees. Moreover, using the combined treatment between 
potassium nitrate at 2% and zinc sulfate at 200 ppm improved shoot length (cm), leaf parameters )leaf area, 
fresh & dry weights and leaf chemical composition, as well. 
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INTRODUCTION 
 

Mango (Mangifera indica L.) is a very delicious tropical fruit belongs to family Anacardiaceae, it is also 
considered as the queen of the fruits as it is very popular world-wide. Mango fruit is an abundant source of 
vitamins, minerals and is famous for its excellent flavour, attractive fragrance and nutritional value. It is as an 
emerging tropical export crop and is produced in about 90 countries in the world with a production of over 
820,877 MT [1]. In Egypt, mango is considered the most popular fruit. The area of mango orchards reached 
241101 feddan, producing about 712537 tons of fruits annually [2]. Kiett mango cultivar grown successfully 
under the Egyptian conditions and its yield  production comes in the late season.  

 
The power of plant leaves to absorb nutrients has resulted in the fact that the foliar application of 

nutrients becomes a recurrent method for supplying nutrients to plants [3]. Foliar fertilization has the 
advantage of low application rates, uniform distribution of fertilizer materials and quick responses to applied 
nutrients. Moreover, hidden hungers can easily be managed [4]. 

 
 Productivity of several mango cultivars was improved by potassium spray [5]. In this respect, the main 
role of potassium is the activation of many enzyme systems involved in the structure of organic substances and 
promotes photosynthesis and transport of the assimilates of the carbohydrates to the storage organs [6]. In 
addition, K is involved in several basic physiological functions. It resulted also in improving the fruit quality 
parameters, i.e., TSS%, total sugars and coloration [7]. These effects might be dedicated to the potassium role 
in increasing tolerance to stresses and improving the formation and accumulation rates of sugars [8, 9]. 
 

Boron and Zn deficiencies are more probable early in the season because the translocation of 
elements from the root to the aboveground portion may not be adequate before leaf expansion [10]. Zinc and 
B have a critical effect on flowering and fruit set and for this reason spring foliar application of these elements 
are frequently recommended in mango orchards.  

 
Zinc and boron have promising effect on plant metabolism. They are responsible for producing the 

natural hormones IAA, activating some enzymes biosynthesis of chlorophylls, enhancing germination of pollens 
and regulating water uptake by plants [11]. 

 
Foliar application of nutrients, especially boron and zinc was essential for producing healthy mango 

trees as well as producing productive trees. In addition, they are responsible for improving physical and 
chemical parameters of fruits [12-15]. 

 
Zinc is a cofactor of over 300 enzymes and proteins and has an early and specific effect on cell 

division, nucleic acid metabolism, and protein synthesis [6]. It is an essential trace element for plants, being 
involved in many enzymatic reactions and is necessary for their good growth and development. Zinc is also 
involved in regulating the protein and carbohydrate metabolism [16]. Moreover, zinc uptake rate was faster in 
mango trees when zinc sulfate was foliar applied as compared with its soil application [15]. The positive effect 
of foliar application of zinc in increasing the productivity of mango was cited by [17, 18] and improving the 
fruit quality in terms of TSS and total sugars [19]. 

 
Boron has effect on many functions of the plant such as hormone movement, activate salt absorption, 

flowering and fruiting process and pollen germination specially its influences on the directionality of pollen 
tube growth, it seems to play an important role in achieving satisfactory fruit set [20,21]. Abdel-Fattah et al., 
(2008) [22] on “Costate” persimmon found an increment in fruit weight due to foliar sprays of boric acid. 
Boron is involved in processes such as protein synthesis, transport of sugars and carbohydrate metabolism 
[23]. 

 
The main objective of this study was to investigate the effect of spraying mango trees with potassium 

nitrate, zinc sulfate and boric acid five times on growth, leaf mineral content, tree yield, and fruit quality. 
 

MATERIALS AND METHODS 
 

This study was carried out during two successive seasons (2013 and 2014) on five years old Keitt 
mango trees grafted on Succary seedlings as rootstocks and planted at 2×3 meters in sandy soil under drip 
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irrigation system in National Research Centre, Researches and production Station at El- Nobaria district (El- 
Behaira Governorate). The selected trees were uniform in vigor, size and shape as possible as well as diseases 
free.  

 
Potassium treatments 
 

Keitt Mango trees received potassium nitrate (KNO3) as foliar spray at 0.0, 1 and 2%. 
 
Micronutrient treatments: 
 

Keitt Mango trees were subjected to foliar spray with zinc sulfate at 200 ppm and boric acid at 200 
ppm, beside water spraying as control treatment. 

 
All applied treatments were sprayed five times at monthly intervals between different sprays, the first 

one was done at the first week of March in the two assigned seasons. 
 
Layout of the experiment 
 

The design of the experiment was factorial experiment in a complete randomize block design with 9 
treatments represented the combination between potassium nitrate at the rate of 0, 1 and 2% and three 
micronutrients treatments i.e., 0.0 (as control), zinc sulfate at 200 ppm and boric acid at 200 ppm (3 potassium 
nitrate × 3 micro-nutrients treatments) replicated three times each replicate contains three trees. 

 
Common agricultural practices (i.e., irrigation, manual weed control, fertilization, pest control, etc.) 

were carried out when needed as recommended in this region. 
 

Studying parameters  
 
Vegetative growth  
 

At the end of October in the tow seasons, number of shoots, terminal shoot length (cm), shoot 
diameter (cm), leaf fresh and dry weight, leaf area (cm

2
) and leaves number/shoots were recorded. The above 

mentioned growth aspects were investigated on the new formed shoots in the growth seasons.  
 

Leaf mineral contents  
 

Leaves sample were picked from the 3
rd

 and 4
th

 node below panicle at August 1
st

 of the two seasons. 
The samples were washed, dried, grounded and digested according to [24]. N, P, and K were determined in the 
digested solution as follows:  

 
a) Total nitrogen was determined as percentage using the micro-Kjeldahl method as described by [25].  
b) Phosphorus was estimated colorimetrically by the stannous chloride method as percentage according 

to [26].  
c) Potassium content was determined by Flame photometer as percentage according to method of [27]. 
d) Total carbohydrates content was determined in dried leaf powder as percentage according to [28]. 
e) Micronutrients boron and zinc were measured using atomic absorption according to [29]. 
f) Total indoles and total phenols (mg/100 g fw) were determined in fresh leaves according to [30]. 

 
Flowering parameters 

 
Number of total panicles/tree and number of malformed panicles/tree were recorded at full blooming 

stage (mid April). 
 

Fruit yield  
 
In each season, at harvest time (first of November), the numbers of fruits per tree and fruit yield per 

tree were counted for each treatment. All fruits were picked and weighted for each tree in different 
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treatments, tree yield in kilograms was estimated by multiplying the number of fruits per tree and the average 
fruit weight.  

 
Fruit quality  

 
At harvest time, fruit samples of firm matured (commercial stage) were taken from each replicate to 

study the average of fruit total soluble solids content (TSS %) by hand refractometer, fruit acidity, vitamin C 
and total sugars were determined as described by [30].  

 
Statistical analysis  

 
Obtained data in the two studied seasons were subjected to the analysis of variance as factorial 

experiments in a complete randomize block design. Least significant differences (L.S.D.) were used to 
differentiate the obtained means at probability of 5% according to [31]. 

 
RESULTS AND DISCUSSION 

 
A-Effect of potassium, Zinc and boron on vegetative growth measurements 
 
1-Number of shoots/tree 
 

Table (1) shows that the tow assigned potassium concentrations increased the number of shoots/tree 
to reach its maximum at the high concentration (2%) as compared with control in the two seasons. Moreover, 
all tested treatments of micro-nutrients significantly increased the number of shoots/tree, especially 200 ppm 
boric acid-sprayed trees as compared with unsprayed trees in the two seasons.  

 
As for the interaction effect between potassium concentration and micro-nutrients, data in Table (1) 

reveal that all used combinations increased the number of shoots/tree with significant differences in most 
cases at the tow assigned seasons.  However, the highest number of shoots/tree was recorded by the 
combined treatment between potassium nitrate at 2% and boric acid at 200ppm as it gave 45.30 and 59.70 
shoots/tree in the first and second seasons, respectively. 

 
2-Shoot length (cm) 

 
Data in Table (1) indicate that the tested treatments exhibited statistically more pronounced effect in 

term of length of terminal shoots when compared with control in the two seasons. The trees sprayed with 200 
ppm zinc sulfate or potassium nitrate at 2% treatments achieved the longest terminal shoot as compared with 
control trees in both seasons. However, foliar spraying of mango with 200 ppm zinc sulfate combined with   
potassium nitrate at 2% treatment is being the most effective one for inducing the longest terminal shoot as it 
gave 49.60 and 54.20 cm against the shortest shoot in control trees which produced 35.20 and 37.40 cm, in 
the first and second seasons, respectively. 
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Table 1: Effect of potassium, zinc and boron on number of shoots/tree, terminal shoot length and shoot diameter of 
mango cv. Keitt during 2013 and 2014 seasons. 

 

 
 

3-Shoot diameter (cm) 
 
Data in Table (1) clearly indicate that all studied treatments of micro-nutrients and potassium nitrate 

concentrations as well as their combination increased shoot diameter of mango trees as compared with water-
sprayed trees in both seasons. However, the thicknest shoot of mango was noted by the combined treatment 
between 200ppm boric acid and potassium nitrate at 2% as it gave 0.97 and 1.14 cm, in the first and second 
seasons, respectively. 

 
4-Leaf parameters  

 
All examined treatments showed significant variations with respect to the number, area, fresh and 

dry weights of leaves (Table 2). However, both micro-nutrients succeeded in increasing the number of leaves 
/shoot with superior for boric acid in both seasons, whereas the highest values of leaf area, fresh and dry 
weights of leaf were scored by 200 ppm zinc sulfate in both seasons. Additionally, both concentrations of 
potassium statistically increased the number of leaves, fresh and dry weights of leaf with superior for 
potassium nitrate at 2% in both seasons. However, the highest number of leaves/shoot (35.3 and 39.5) was 
gained by the combined treatment between 200ppm boric acid and potassium nitrate at 2%, whereas the 
greatest leaf area (84.10 and 92.30 cm2), the heaviest leaf fresh weight (4.12 and 4.43 g) and leaf dry weight 
(0.86 and 0.92 g) were registered by the combined treatment between 200ppm zinc sulfate and potassium 
nitrate at 2%, in the first and second seasons, respectively. 

 
 
 
 
 
 

Parameters  No. of  Shoots /tree Terminal shoot length (cm) Shoot diameter (cm) 

First Season  

     K conc. (A) 
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 elements (B) 
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control 32.1 35.4 39.7 35.73 35.2 43.6 41.8 40.20 0.72 0.89 0.93 0.85 

Zinc sulfate 200 ppm 34.2 38.1 41.7 38.00 39.2 46.4 49.6 45.07 0.74 0.86 0.89 0.83 

Boric acid  200 ppm 35.3 42.1 45.3 40.90 37.2 44.6 46.5 42.77 0.81 0.93 0.97 0.90 

Mean 33.87 38.53 42.23  37.2 44.87 45.97  0.76 0.89 0.93  

L.S.D for  (A)  at 5%   2.64  4.12  0.041 

L.S.D for (B) at 5%   2.64  4.12  0.041 

L.S.D for (A×B) at 5%=   4.41    6.88    0.068 

Second  Season 

control 41.2 51.3 49.6 47.37 37.4 42.2 45.6 41.73 0.83 0.96 0.94 0.91 

Zinc sulfate 200 ppm 46.3 53.2 56.4 51.97 45.3 52.1 54.2 50.53 0.81 0.92 0.94 0.89 

Boric acid  200 ppm 48.5 55.1 59.7 54.43 41.8 49.3 48.2 47.43 0.89 0.96 1.14 0.99 

Mean 45.33 53.2 55.23  41.5 47.87 49.33  0.84 0.95 1.01  

L.S.D for  (A) at 5%= 3.19  5.24    0.052 

L.S.D for (B) at 5%= 3.19  5.24    0.052 

L.S.D for (A×B) at 5%= 5.32  8.75    0.086 
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Table 2: Effect of potassium, zinc and boron on fresh weight, dry weight, leaf area and number of leaves/shoot of mango 
cv. Keitt during 2013 and 2014 seasons. 

 
The previous mentioned findings of vegetative traits could be interpreted on the basis of the 

physiological role of the nature of the used treatments action. Since, (as well be mentioned later, Table 5) the 
used treatments alter the endogenous levels of total indoles and total phenols that tended to increase the 
studied vegetative growth traits of mango trees. It is well established that indoles stimulate cell division and 
elongation and thus increasing vegetative growth parameters. The aforementioned results of potassium are in 
conformity with those reported by [32-34] on mango, [21] on date palm, [35] on barberry and [36] on Amhat 
date palm.  

 
 The abovementioned results of boron and zinc are in harmony with those attained by [37-41] on 

mango, [35] on barberry, [42] on costata persimmon trees, [43] on walnut and [44] on olive cv. Frontoio. 
 

B-Effect of potassium, zinc and boron on leaf chemical composition measurements 
 

It was obvious from Tables (3&4) that the two concentrations of potassium treatment increased leaf 
N, P, K, total carbohydrates, Zn and B contents as compared with control  trees, with superior for the high 
concentration in both seasons of this study. Also, all tested application of micro-nutrients statistically 
increased leaf N, P, K, total carbohydrates, Zn and B contents, particularly 200ppm boric acid-sprayed trees, 
except for leaf Zn content as 200ppm zinc sulfate-sprayed trees showed its superiority in this concern. 

 
 

 
 

Parameters Leaf fresh weight (g) Leaf dry weight (g) Leaf area(cm
2
) No. of leaves/shoot 

First Season  
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Control 3.34 3.73 3.96 3.68 0.63 0.71 0.74 0.69 62.6 73.2 78.4 71.40 24.3 29.6 33.2 29.03 

Zinc sulfate 200 
ppm 

3.52 3.84 4.12 3.83 0.70 0.79 0.86 0.78 69.4 77.3 84.1 76.93 26.4 31.7 32.9 30.33 

Boric acid  200 ppm 3.46 3.74 3.93 3.71 0.68 0.78 0.82 0.76 66.4 73.7 78.4 72.83 28.7 33.6 35.3 32.53 

Mean 3.74 3.77 4.00  0.67 0.76 0.81  66.13 74.73 80.3  26.47 31.63 33.80  

L.S.D for  (A)  at 5% 0.21  
   
0.12 

 4.17 
  

  2.41 

L.S.D for (B) at 5% 0.21  
   
0.12 

 4.17 
  

  2.41 

L.S.D for (A×B) at 5%=   0.36  
    
0.2 

   6.96 
  

  4.02 

Second  Season 

Control 3.56 3.93 4.17 3.89 0.66 0.75 0.81 0.74 69.4 79.7 83.2 77.43 26.4 32.1 35.1 31.20 

Zinc sulfate 200 
ppm 

3.74 4.32 4.43 4.16 0.74 0.91 0.92 0.86 73.6 88.2 92.3 84.70 29.4 37.1 36.9 34.47 

Boric acid  200 ppm 3.63 4.26 4.14 4.01 0.69 0.88 0.86 0.81 72.3 85.6 92.4 80.10 32.3 35.6 39.5 35.80 

Mean 3.64 4.17 4.25  0.70 0.85 0.86  71.77 84.50 85.97  29.37 34.93 37.17  

L.S.D for  (A) at 5%=   0.43  0.13   6.24   2.93 

L.S.D for (B) at 5%=   0.43  0.13   6.24    2.93 

L.S.D for (A×B) at 5%=   0.72  0.22   10.42   4.89 
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Table 3: Effect of potassium, zinc and boron on N, P and K percentages of mango cv. Keitt leaf during 2013 and 
2014 seasons. 

 
 
Table 4: Effect of potassium, zinc and boron on total carbohydrate, zinc (ppm) and boron (ppm) content of mango cv. 

Keitt leaf during 2013 and 2014 sea 

Parameters N (%) P (%) K (%) 

First Season  
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control 2.11 2.34 2.41 2.29 0.220 0.250 0.240 0.237 2.43 2.93 3.11 2.82 

Zinc sulfate 200 ppm 2.29 2.73 2.68 2.57 0.230 0.260 0.270 0.253 2.56 3.08 3.26 2.97 

Boric acid  200 ppm 2.32 2.81 2.92 2.68 0.240 0.270 0.280 0.263 2.74 3.28 3.30 3.11 

Mean 2.24 2.63 2.67  0.230 0.260 0.263  2.58 3.10 3.22  

L.S.D for  (A)  at 5%   0.31  0.021  0.19 

L.S.D for (B) at 5%   0.31  0.021  0.19 

L.S.D for (A×B) at 5%=   0.52     0.035    0.32 

Second  Season 

control 2.24 2.61 2.53 2.46 0.230 0.260 0.260 0.250 2.56 3.24 3.19 2.99 

Zinc sulfate 200 ppm 2.36 2.59 2.64 2.53 0.240 0.270 0.260 0.257 2.73 3.86 3.82 3.47 

Boric acid  200 ppm 2.39 2.69 2.79 2.62 0.260 0.270 0.290 0.273 2.91 3.41 3.48 3.27 

Mean 2.33 2.63 2.65  0.243 0.267 0.270  2.73 3.50 3.50  

L.S.D for  (A) at 5%= 0.22  .023  0.21 

L.S.D for (B) at 5%= 0.22  0.23  0.21 

L.S.D for (A×B) at 5%= 0.37  0.038  0.35 

Parameters Total carbohydrate (%) Zn (ppm) B (ppm) 
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control 12.3 14.6 15.9 14.27 183.0 192.0 201.0 192.0 38.2 48.6 46.2 44.33 

Zinc sulfate 200 ppm 12.4 16.3 17.4 15.70 212.0 216.0 226.0 218.0 41.2 46.1 47.9 45.07 

Boric acid  200 ppm 14.9 18.3 19.2 17.47 193.0 208.0 214.0 205.0 46.2 49.2 52.3 49.23 

Mean 13.53 16.40 17.50  196.0 205.33 213.67  41.87 47.97 48.80  

L.S.D for  (A)  at 5% 2.34  16.21  4.19 

L.S.D for (B) at 5% 2.34  16.21  4.19 

L.S.D for (A×B) at 5%= 3.91  27.1  6.99 

Second  Season 

control 11.7 13.8 14.6 13.37 179.0 189.0 193.0 187.00 41.2 49.2 52.1 47.50 

Zinc sulfate 200 ppm 13.1 15.7 15.4 14.73 204.0 211.0 223.0 212.67 43.4 48.1 47.4 46.30 

Boric acid  200 ppm 15.2 17.6 18.1 16.97 186.0 209.0 204.0 199.67 46.2 54.6 58.0 25.93 

Mean 13.33 15.70 16.03  189.67 203.00 206.67  43.60 50.63 52.50  

L.S.D for  (A) at 5%= 1.21  14.36  4.39 

L.S.D for (B) at 5%= 1.21  14.36  4.39 

L.S.D for (A×B) at 5%= 2.02  23.98  7.33 
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Regarding the interaction effect between micro-nutrients and potassium concentrations, data in 
Tables (3&4) reveal that all applied combinations increased all the tested chemical composition of mango 
leaves as compared with control trees in both seasons.  However, using the treatment of 200ppm boric acid 
combined with potassium nitrate at the high rate is being the most effective one for inducing the greatest leaf 
N  (2.92 and  2.79 %), P (0.280 and 0.290 %), total carbohydrates (19.20 and 18.10 %) and B (52.30 and 58.00 
%) contents, whereas the highest values of leaf potassium (3.26 and 3.82 %) and Zn (226.0 and 223.0 %) 
contents were recorded by the combined treatments between 200ppm Zinc sulfate and potassium nitrate at 
the high level, in the first and second seasons, respectively. 

 
In addition, data in Table (5) show that all tested applications of potassium nitrate and micronutrients 

as well as their combinations increased leaf total indoles content as compared with control in both seasons. 
However, the highest leaf total indoles content was scored by 200 ppm zinc sulfate-sprayed trees supported by 
spraying the trees with the high level of potassium nitrate in both seasons. On contrary, all studied potassium 
and micronutrients treatments as well as their interaction decreased leaf total phenols content as compared 
with control in both seasons, with superior for 200 ppm zinc sulfate-sprayed trees combined with 2% 
potassium nitrate sprayed trees. 

 
Table 5: Effect of potassium, zinc and boron on total indoles and total phenols (mg/100g fw) of mango cv. Keitt leaf 

during 2013 and 2014 seasons. 

 
The aforementioned results of potassium are in conformity with those reported by [32,33,34,40]  on 

mango,[21] on date palm, [35] on barberry and [42] on costata persimmon trees.  
 
The abovementioned results of boron and zinc are in harmony with those attained by [37,39,40] on 

mango, [35] on barberry, [45] on lemon (Citrus aurantifolia L.), [42] on costata persimmon trees, [43] on 
walnut and [46] on Peach. 

 
 
 
 

 

Parameters Total indoles  (mg/100 g fw) Total phenols  (mg/100 g fw) 

First Season  
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control 218 226 239 228 162 154 151 156 

Zinc sulfate 200 ppm 234 249 257 247 152 143 132 142 

Boric acid  200 ppm 228 237 242 236 156 139 136 144 

Mean 227 237 246  157 145 140  

L.S.D for  (A)  at 5%  7.34  8.14 

L.S.D for (B) at 5% 7.34  8.14 

L.S.D for (A×B) at 5%= 12.18  13.51 

Second  Season 

control 227 243 251 240 174 168 163 168 

Zinc sulfate 200 ppm 248 261 269 259 169 154 151 158 

Boric acid  200 ppm 237 252 260 250 165 162 158 162 

Mean 237 252 260  169 161 157  

L.S.D for  (A) at 5%= 8.36  5.11 

L.S.D for (B) at 5%= 8.36  5.11 

L.S.D for (A×B) at 5%= 13.87  8.48 
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C-Effect of potassium, Zinc and boron on flowering measurements 
 
1-Number of panicles/tree 

 
Data in Table (6) show that number of panicles/tree was significantly increased by using both micro-

nutrient treatments with superiority for boric acid at 200ppm in both seasons. In addition, all tested 
concentrations of potassium nitrate increased the number of panicles/tree, especially the high concentration, 
with significant differences in both seasons. Concerning the interaction effect between micro-nutrients and 
potassium concentrations, data in the same Table reveal that all applied combinations increased the number 
of panicles/tree with significant differences as compared with un-treated trees in both seasons. However, the 
greatest number of panicles/tree was recorded by the combined treatment between 200ppm boric acid and 
potassium at the high rate as scored 41.70 and 51.60 panicles/tree, in the first and second seasons, 
respectively.  

 
2-Number of malformed panicles/tree 

 
Data in Table (6) clearly showed that all examined independent treatments of micro-nutrients and 

potassium concentrations as well as their combinations statistically decreased the number of malformed 
panicles/tree as compared with control in the two seasons. However, the lowest number of malformed 
panicles/tree was obtained by using 200ppm zinc sulfate and potassium at the low concentration as well as 
their combinations as compared either with the other treatments or control in the two seasons. 

 
Table 6: Effect of potassium, zinc and boron on number of total panicles/tree and number of malformed 

panicles/tree of mango cv. Keitt during 2013 and 2014 seasons. 

 
D-Effect of potassium, zinc and boron on yield measurements: 
 
1-Number of fruits/tree. 

 

Data in Table (7) cleared that all applied treatments of micro-nutrients and potassium concentrations 
as well as their combinations increased the number of fruits/tree with significant differences in most cases 

Parameters No. of total panicles/tree No. of malformed panicles/tree 

First Season  

     K conc. (A) 
 

  Micro- 
 elements (B) 

co
n

tr
o

l 

K
 (

1
%

) 

K
 (

2
%

) 
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e

an
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n
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l 

K
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%

) 

K
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%

) 
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e

an
 

control 24.3 29.5 34.6 29.47 8.13 6.46 5.92 6.84 

Zinc sulfate 200 ppm 29.7 33.9 36.4 33.30 5.84 4.91 4.21 4.99 

Boric acid  200 ppm 30.5 37.6 41.7 36.60 7.43 5.80 5.31 6.18 

Mean 28.17 33.67 37.53  7.13 5.72 5.15  

L.S.D for  (A)  at 5%                   3.14                          1.17 

L.S.D for (B) at 5%                   3.14                          1.17 

L.S.D for (A×B) at 5%=                    5.24                           1.95 

Second  Season 

control 32.3 45.4 42.6 40.10 6.99 4.83 5.12 5.65 

Zinc sulfate 200 ppm 39.4 46.7 48.3 44.80 4.23 3.62 3.01 3.62 

Boric acid  200 ppm 41.8 49.3 51.6 47.57 5.26 4.71 4.15 4.71 

Mean 37.83 47.13 47.50  5.49 4.39   4.09  

L.S.D for  (A) at 5%=         4.23                        0.82 

L.S.D for (B) at 5%=         4.23                        0.82 

L.S.D for (A×B) at 5%=         7.06                        1.37 
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when compared with un-sprayed trees in the two seasons. In general, the highest number of fruits/tree was 
gained by 200 ppm boric acid-sprayed trees combined with potassium-sprayed trees at the high concentration 
as it gave 21.60 and 29.20 fruits/tree in the first and second seasons, respectively. Moreover, the combined 
treatment between 200 ppm boric acid and potassium sulfate at the low concentration, followed in 
descending order by 200ppm zinc sulfate-sprayed trees combined with potassium at the high concentration 
gave high significant increments in this concern. 

 
2-Fruit yield/tree and fruit weight 

 
Data in Table (7) clearly indicate that all treatments of micro-nutrients significantly increased fruits 

yield/tree and fruit weight, especially those sprayed with 200ppm boric acid as compared with control in the 
two seasons. In addition, fruits yield/tree and fruit weight were greatly increased by using both concentrations 
of potassium, especially the high one in the two seasons. However, all resulted interaction between micro-
nutrients and potassium sulfate increased fruit yield/tree and fruit weight as compared with control in the two 
seasons. However, 200ppm boric acid-sprayed trees combined with potassium at the high level is being the 
most effective treatment for producing the greatest fruit yield/tree and fruit weight in the two  seasons.  

 
The aforementioned results of potassium are in conformity with those reported by [33,34,40] on 

mango and [35]  on barberry. 
 
The abovementioned results of boron and zinc are in harmony with those attained by [37,38,40,41] 

on mango, [42] on costata persimmon trees,  [43] on walnut, [46] on Peach  and [44] on olive cv. Frontoio. 
 

 
Table 7: Effect of potassium, zinc and boron on number of fruits/tree, weight of fruits/tree and fruit yield/tree of mango 

cv. Keitt during 2013 and 2014 seasons. 

 
 
 

Parameters No. of fruits/tree Fruit weight (gm) Fruit yield/tree (kg) 

First Season  

     K conc. (A) 
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control 12.2 14.4 15.3 13.97 344.3 388.9 411.76 381.64 4.20 5.60 6.30 5.37 

Zinc sulfate 200 ppm 14.7 17.6 19.5 17.27 381 415.3 428.72 408.34 5.60 7.31 8.36 7.09 

Boric acid  200 ppm 17.8 20.3 21.6 19.90 401.1 411.8 437.96 416.97 7.14 8.36 9.46 8.47 

Mean 14.90 17.43 18.80  375.4 405.4 426.15  5.65 7.09 8.04  

L.S.D for  (A)  at 5% 2.14  18.34    1.14 

L.S.D for (B) at 5% 2.14  18.34    1.14 

L.S.D for (A×B) at 5%=   3.57  30.44    1.90 

Second  Season 

control 16.4 23.6 21.2 20.40 368.3 418.6 435.38 407.44 6.04 9.88 9.23 8.39 

Zinc sulfate 200 ppm 19.3 25.4 26.6 23.77 414 423.6 449.62 429.08 7.99 10.76 11.96 10.23 

Boric acid  200 ppm 21.7 27.3 29.2 26.07 435 484.6 506.51 475.38 9.44 13.23 14.79 12.49 

Mean 19.13 25.43 25.67  405.8 442.3 463.84  7.82 11.29 11.99  

L.S.D for  (A) at 5%= 
  
3.29 

   16.18 
  

    1.38 

L.S.D for (B) at 5%= 
  
3.29 

   16.18 
       

1.38 

L.S.D for (A×B) at 5%= 
  
5.49 

    26.86 
        

2.30 
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E-Effect of potassium, Zinc and boron on Fruit quality parameters: 
  
  Data in Table (8) realize that fruit T.S.S., total sugar and V.C. contents were greatly affected by using 

all treatments of micro-nutrients as compared with control, with superiority for 200ppm boric acid in both 
seasons. Also, potassium concentrations statistically increased fruit T.S.S., total sugars and V.C. contents, 
particularly the high concentration. Moreover, all resulted combinations between micro-nutrients and 
potassium concentrations improved fruit T.S.S., total sugars and V.C. content as compared with control in the 
two seasons. 
 

However, the highest fruit TSS (19.40 and 19.20 %), total sugars (14.90 and 15.30 %) and V.C. (48.20 
and 47.10 mg/100m F.W) contents were scored by the combined treatment between 200ppm boric acid and 
potassium nitrate at the high concentration in both seasons. Also, all tested treatments of micronutrients and 
potassium sulfate, as well be as their combinations reduced total fruit acidity (%), especially 200 ppm boric 
acid – sprayed trees supplemented with 2% potassium nitrate in the two seasons. Of interest, is to note that 
the abovementioned results when related with their flowering, fruiting and fruits quality aspects. Since, 
indoles are known as a stimulating hormone for longitudinal growth in different plants [47]. Hence, increments 
of endogenous total indoles level due to the use of treatments as well as the reduction of endogenous total 
phenols level ( as well be mentioned ago) led to increase the most tested flowering, fruiting and fruit quality 
parameters. 

  
Table 8: Effect of potassium, zinc and boron on total soluble solids (%), total sugars (%), vitamin C and acidity of mango 

cv. Keitt during 2013 and 2014 seasons. 

 
 
 
 

Parameters T.S.S (%) Total sugar (%) V.C. (mg/100m F.W) Acidity (%) 

First Season  
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Control 14.5 16.2 15.9 15.53 11.2 13.4 12.8 12.47 38.6 42.3 46.7 42.53 0.73 0.69 0.64 0.69 

Zinc sulfate 200 
ppm 

15.3 16.9 17.1 16.43 12.7 14.1 13.9 13.57 41.7 46.4 45.9 44.67 0.68 0.62 0.65 0.65 

Boric acid  200 
ppm 

16.7 18.3 19.4 18.13 13.9 14.2 14.9 14.33 43.0 45.5 48.2 45.57 0.59 0.53 0.51 0.54 

Mean 15.50 17.13 17.47  12.60 13.90 13.87  41.10 44.73 46.93  0.67 0.61 0.60  

L.S.D for  (A)  at 5%  2.17  1.39   2.03   0.023 

L.S.D for (B) at 5%  2.17  1.39   2.03   0.023 

L.S.D for (A×B) at 5%=  3.62  
  
2.32 

    3.39 
  

0.038 

Second  Season 

Control 13.9 16.8 17.2 15.97 10.7 12.6 13.1 12.13 36.4 45.9 48.6 43.63 0.68 0.54 0.59 0.60 

Zinc sulfate 200 
ppm 

15.6 17.4 17.1 16.70 11.4 13.2 13.1 12.57 39.7 43.6 45.9 43.07 0.57 0.52 0.51 0.53 

Boric acid  200 
ppm 

17.2 19.1 19.2 18.50 12.9 15.1 15.3 12.73 42.6 46.2 47.1 45.30 0.51 0.53 0.48 0.51 

Mean 15.57 17.77 17.83  11.67 13.63 13.83  39.57 45.23 47.20  0.59 0.53 0.53  

L.S.D for  (A) at 5%= 1.67  1.74     5.36   0.021 

L.S.D for (B) at 5%= 1.67  1.74     5.36   0.021 

L.S.D for (A×B) at 5%= 2.79  2.90     8.95   0.035 
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The aforementioned results of potassium are in conformity with those reported by [32,33,34,40] on 
mango.  

Also, the abovementioned results of boron and zinc are in harmony with those attained by [37-41] on 
mango, [43] on walnut,  [46] on peach and [44]  on olive cv. Frontoio. 

 
CONCLUSION 

 
Generally, it could be concluded that spraying Keitt mango trees five times during the growing 

seasons with the combined treatments between 2% potassium nitrate and 200 ppm zinc or 200 ppm boron 
showed to be an economical recommendation for obtaining good vegetative growth, chemical composition 
and yield with fairly good quality.   
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