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ABSTRACT 
 

The present study was conducted during the two successive seasons, 2010 and 2011 at the Research King 
Maryout station at north western coast of Egypt) – Desert research center. In order to investigate the effects of 
foliar sprays on jujube trees genotype by urea at 1, 2 % and zinc (Znso4) at 0.4, 0.6 % and combination between 
urea and zinc. All treatments was foliar applied twice (April 15 - June 15) in both seasons. Yield, fruit physio- 
chemical and fruit quality were studied. Results indicated that, increased yield, fruit physical characteristics 
(fruit weight, fruit length, fruit width, fruit volume and fruit diameter) and fruit chemical characteristics (TSS , 
Acidity  and Total sugars (as percentage)) by most tested treatments in both seasons than the control (water 
only). In this respect, data presented a significant increase in jujube tree and the highest values obtained by urea 
at 1and 2% mixed with zn at 0.4 and 0.6% compared to the control and other treatments. All treatment except 
control was significantly increased of juice content vitamin C (mg/100 g) in both seasons. The obtained results 
indicated that, significant effect was found on N, p, k, Mn, Zn and Fe content in leaf of jujube tree due to the 
foliar application treatments in both seasons. Treatments, combination urea at two studied rates 1 or 2 % with zn 
at two studied rates 0.4 or 0.6% gave the highest values of leaf mineral content than the control and the other 
fertilization treatments in the two seasons of investigation. 
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Introduction 
  

Ber (Ziziphus spp), belonged to the family Rhamnaceae that consists of 45 genera and 550 species, is 
widely distributed in tropical and subtropical climates in the world Mukhtar et al., (2004). They are widespread 
in the Mediterranean region, Africa, Australia and tropical America. Zizyphus spina-christi (L.) willd is a wild 
tree, with spiny branches and small, orange-yellow fruits, commonly found in Jordan, Israel and Egypt Food 
made from ber fruits is a rich nutritional source for energy, protein and minerals.It refreshes and restores, 
improves memory and is a remedy for high blood pressure De Bairacli  (1991). Ber can provide food security, 
due to sustained production of the fruit, irrespective of drought, as the tree is drought and saline tolerant and can 
grow on poor degraded land Pareek, (2001). Ber fruits are very nutritious and usually eaten fresh. Fruits are also 
eaten in other forms, such as dried, candied, pickled, as juice, or as ber butter. The ripe fruit is richer than apple 
in protein, phosphorus, calcium, carotene and vitamin C (BAL and Mann, (1978).  Jujube fruit is one of the 
world’s most nutritious plants rich in P, K and Fe Boora and BAL, (2008). Vitamin C and amino acids Jin-Wei 
et al, (2007). Jujube fruit helps to eliminate oxidative stress in the liver Xiangchun et al, (2009)], inhibit tumor 
cells Fatemeh et al, (2008) .and it contain various types of bio-active substances, such as triterpenic acid and 
flavonoids that have a wide pharmacological effect on humans AL Zhao et al, (2008). Arabs used it to maintain 
a healthy lifestyle and used for soothing properties Adzu et al, (2002). The curve of jujube fruit growth was a 
double sigmoid. The first rapid growth phase was very important to determine the fruit yield Zhang et al, 
(2009). Soil can supply enough nutrients to improve plant production, it also casues world wildamxiety about 
environmental contamination for nutrients leaching into grownd water Dinnes et al, (2002). The power of plants 
leaves to absorb nutrients has resulted in the fact that the foliar application of fertilizer materials and quick 
responses to applied nutrients. Moreover,hidden hungers can easily by managed,Umer et al, (1999) .Plants 
usually absorb water and nutrients by the roots, there for fertilizers are traditionally applied ito the soil Mengel, 
(2002). Potassium nitrate concentrations especially in combination with urea (5 litre solution of 4% KNO3+0.5 
g urea tree

-1
 and 5 litres of 4% KNO3+1 g urea tree

-1
) produced better results for most of the yield parameters 

Yesheta, (2004) .Foliar sprays with zn are widely practiced by fruit growers because: 1- the metal is an essential 
element for normal plant development; 2- large areas of agricultural soils are deficient in this element; and 3- 
soil application generally ineffective in correcting zn deficiency in fruit crops. The foliar application of macro 
and micro-nutrients have very important role in improving fruit set, productivity and quality of fruits. It has also 
beneficial role in recovery of nutritional and physiological disorders in fruit trees. Various experiments have 
been conducted earlier on foliar spray of micro-nutrient in different fruit crops and shown significant response 
to improve yield and quality of fruits Kumar et al. (2004) and Singh et al. (2001). Abou Aziz et al, (1975) 
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reported that, urea application on avocado tree gave a highly significant increase in the tree yield. However, soil 
and foliar urea application on avocado cause increasing yield Nevin et al, (1990) .Foliar nutrition with urea 
exerted a positive influence on the photosynthetic activity of apple trees and increased the transfer of 
metabolites from leaves to absorption sinks (seed and fruit tissues), [Balon, (2000)  Balon et al(2001). 

Kassem et al., (2011), investigates the effects of preharvest foliar sprays on pu-yun jujube trees cultivar. A 
significant increase in yield, fruit retention, flesh and seed weight, volume, length, diameter, shape index, TSS, 
maturity index, V.C, reducing, non-reducing and total sugars, moisture content and the percentage of fruit grade 
one (largest fruit) by most chemical sprays. 

khayyat et al; (2007) on Shahany” date palm, Omima et al. (2011), on Arabia coffe [Anora & Yamdagni  
(1986), on sweet lime and Valencia orange.  
       The main aim of this study was to investigation the effect of foliar sprays of urea and zinc on yield and 
physio-chemical composition of jujube (Ziziphus mauitiana).   
 
Material And Methods 
 

This study was carried out during two seasons 2010 and 2011, at Maryout station at north western coast of 
Egypt) – Desert research center.Healthy, nearly uniform and age (20years old) of jujube tree genotype. All the 
plants had received the normal horticulture practices. The trees were sprayed by urea at 1, 2 % and zn [zinc 
sufate](znso4 ; 34%zn) at 0.4,0.6 % and combination between urea and zn.All treatments was foliar applied 
twice  (April 15 -  June 15) in both seasons with one of the following solutions:  
- Control (spray water only). 
- Spray urea at 1%. 
-Spray urea at 2%. 
- Spray zn at 0.4%. 
- Spray zn at 0.6%. 
- Spray urea at 1% + Spray zn at 0.4%. 
- Spray urea at 1% + Spray zn at 0.6%. 
- Spray urea at 2% + Spray zn at 0.6%. 
- Spray urea at 2% + Spray zn at 0.6%. 
 

Each treatment was replicated three times on one tree plot and the randomized complete block design was 
arranged. 

Four branches, one year old were chosen on each tree, on toward each direction and labeled to estimate all 
parameters.   

- Yield (kg/tree): The total yield per tree was recorded in kilogram at harvest   time.   
- Fruit weight, length, width, volume and diameter were determined. 
- Total soluble solids. Was tested TSS content by using a hand refractometer.  
- Total acidity was estimated of fruit as percentage of tartaric acid. 
- Total sugars in fresh weight according to A.O.A.C., (1995). method. 
- vitamin C (ascorbic acid) content was determined by using titrimetric method with the titration of filtrate 

against 2,6-dichlorophenol indophenol and the results of vitamin C content were expressed as mg/100g. 
A.O.A.C (1995).  

Also, five mature leaves were collected from each tree on August to determined the nutrient elements, the 
collected leaves samples were washed and dried ( leaf samples were randomly from the previously labeled 
shoots per each replicate / tree.) and then grounded for determination the following nutrient elements: 

- %N, using the modified micro-kjeldahl method according to Pregl , (1945  ). 
- %P, percentage as dry weight was estimated as described by Chapman and Pratt ( 1961 ). 
- %K and %Ca, by flamphotometrically determined according to Brown and Lilleland, (1946). 
- Mn, zn and fe were determined by atomic absorption according to Jackson (1973). 
Data obtained throughout this study was statistically analized using the analysis of variance method as 

reported by Snedecor and Cochran, (1980) and the defferences between means were differentiated by using 
Duncan (1955). Multiple range tests at 5%.Soil characteristics samples were determined. The obtained data are 
shown in Table (1): 
 
Table 1: Analysis of soil sample from the experimental orchard (as average of two years). 

 
characters 
 

 
pH 

 
Ec (ds/m) 

Na+

(meq-L) 
K+

(meq/L) 
 

Ca++

(meq/L 
 

Mg++

(meq/L) 
 

Cl-

(meq/L) 
 
CaCo3 

 
value 

 
7.45 

 
3.33 

 
6.26 

 
0.90 

 
8.75 

 
3.25 

 
3.25 

 
37 
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Results And Discussion 
 
Yield: Results revealed that the highest yield (17.27 & 17.77) in the first and second season were obtained 

in combination of urea at 2% and zn (as zn so4) at 0.6% foliar sprayed, whereas,the lowest yield (14.35 &15.23) 
were recorded in the control  without sprayed by urea or zn (spray with water only) (Table2). In this respect, 
data shown in Table (2) increased yield by most tested treatments in 2010 and 2011seasons than the control 
(water only). In this respect, data presented a significant increase in jujube tree yield by all sprayed chemicals 
compared to control and the highest yield of jujube trees obtained by urea at 1and 2% each individual 
transaction separately or mixed with zn at 0.4 and 0.6% followed by zn at 0.4 and 0.6% each individual 
separately or mixed with urea at 1and 2% compared to the control and other treatments. On the other hand, 
jujube trees sprayed with urea at 1 or 2% as a foliar application surpassed the jujube trees sprayed with zn at 0.4 
or 0.6% as a foliar application in both studied seasons 2010 and 2011.These results are in agreement with those 
obtained by Kumar et al. (2004), on litchi cv. Dehradun, (Abou Aziz et al, (1975) and Nevin and Lovatt, (1990) 
on avocado trees, Kassem et al, (2011) on jujube tree. 

Finally,Yesheta, (2004) recorded that, potassium nitrate concentrations especially in combination with urea 
(5 litre solution of 4% KNO3+0.5 g urea tree and 5 litres of 4% KNO3+1 g urea tree) produced better results for 
most of the yield parameters. The supplementation of nitrogen through the spraying of KNO3 and urea is 
believed to be the reason for the greater yields results of the sprayed relative to the unsprayed trees.Wherever, 
Meena et al., (2008). Showed that, field experiment was conducted on loamy sand soils at Bikaner (Rajasthan) 
during 2003- 2004. Foliar application of ferrous sulphate and borax at 0.6 % produced maximum average fruit 
yield compared than the control and 0.3 % spray of ber trees. 

 
Tabe 2: Effect of foliar sprayes of urea and zinc on yield (kg/tree)and fruit physical characteristics(Fruit length(cm), Fruit width(cm), Fruit  
            volume(cm) and Fruit weight (g) of jujube tree during 2010 and 2011. 

Treatments 
 

2010 
Fruit 
length(cm) 

Fruit 
width(cm) 

Fruit 
volume(cm3) 

Fruit 
diameter(cm) 

Fruit 
weight(g) 

Yield 
(kg) 

Control(water only) 3.067c 2.967b 17.45d 2.713f 11.697c 14.350a 
urea at1% 3.233bc 3.467ab 19.88bc 2.860de 12.467b 15.13de 
urea at2% 4.000a 3.467ab 22.36a 2.967c 12.467b 16.37bc 
zn at 0.4% 3.133bc 2.933b 19.50cd 2.807ef 11.933c 15.47d 
zn at 0.4% 3.133bc 3.067b 20.06bc 2.817e 12.067c 15.33d 
Urea at 1%+zn at0.4 3.367bc 3.733a 21.99ab 2.940cd 12.733ab 15.80cd 
Urea at 1%+zn at0.6 3.400b 3.900a 22.45a 2.987c 12.900a 15.67cd 
Urea at 2%+zn at0.4 3.967a 3.900a 23.87a 3.287b 12.900a 16.73ab 
Urea at 2%+zn at0.6 4.200a 3.967a 23.92a 3.403a 12.967a 17.27a 
 2011 
Control(water only) 2.867c 3.067d 18.83d 2.780e 12.767d 15.23d 
urea at1% 3.400b 3.333c 21.24bcd 2.813e 14.33c 15.47cd 
urea at2% 3.767a 4.000a 22.40abc 2.980d 15.87ab 16.33bc 
zn at 0.4% 2.900c 3.033d 19.96cd 2.800e 13.133d 14.97d 
zn at 0.6% 3.076c 3.067d 21.00bcd 2.820e 13.333d 15.37d 
Urea at 1%+zn at0.4 3.833a 3.467c 22.53abc 3.057cd 15.33b 15.57cd 
Urea at 1%+zn at0.6 3.800a 3.767b 22.81ab 3.137bc 15.60ab 15.17d 
Urea at 2%+zn at0.4 4.000a 4.133a 24.24a 3.267ab 16.00ab 16.97ab 
Urea at 2%+zn at0.6 3.967a 4.067a 24.83a 3.400a 16.37a 17.77a 

 
Fruit physical characteristics: 
 

The effect of the different treatments on fruit physical characteristics at harvest date is presented in Table 
(2). Regardless of the control, a significant increase in fruit weight, fruit length, fruit width , fruit volume and 
fruit diameter was obtained by all sprayed (urea at 1, 2% or zinc 0.4, 0.6 %) every treatment alone and when 
mixed with another replicate except control (water only) when compared to the control. Maximum values in 
fruit weight, fruit length, fruit width , fruit volume and fruit diameter  were found in case of sprayed with urea at 
2% + zn at 0.4 or 0.6% followed by urea spray at 1% + zn 0.4 or 0.6% in the two studied seasons. Also, foliar 
application with urea at 2% or foliar application with zn at 0.6% surpassed the foliar application with urea at 1% 
or zn at 0.4% in both studied seasons 2010 and 2011. In this respect, mixed urea at two studied rates 1 or 2 % 
with zn at two studied rates 0.4 or 0.6% gave the highest values in fruit weight, fruit length, fruit width, fruit 
volume and fruit diameter as the compared to urea or zinc spraying alone in both studied seasons.It is clear from 
Table (2) that in studied seasons, fruit weight, fruit length, fruit width, fruit volume and fruit diameter increased 
with increasing the the rate of sprays of jujube trees in both studied seasons. Generally, combination of urea at 1 
or 2% with zn at 0.4 and 0.6% treatments were the superior than the other treatments and control when spraying 
jujube trees twice (April 15 - June 15) in both season. These results are in line with those reported by Kumar et 
al. (2004) on litchi cv.Dehradun, [Balon, (2000) and Balon et al; (2001). In apple, Kassem et al, (2011) on 



55 
Middle East j. agric. res., 1(1): 52-57, 2012 

 

 

jujube tree, Anora et al, (1986) on sweet lime,. Wherever, Meena et al., (2008). Showed that, field experiment 
was conducted on loamy sand soils at Bikaner (Rajasthan) during 2003 - 2004. Foliar application of ferrous 
sulphate and borax at 0.6 % produced maximum average fruit weight, fruit length, fruit breadth, pulp weight, 
stone weight, pulp to stone weight ratio compared than the control and 0.3 % spray of ber trees. 

 
Fruit chemical characteristics: 
 

The effect of the different sprayed treatments on fruit chemical characteristics of jujube fruit presented in 
Table (3).A significant increase in total soluble solids (TSS %) as percentage in comparison with the control 
was obtained by all spared treatments urea at 1%, urea at 2%, zn at 0.4% and zn at 0.6% or combination of urea 
at 1 or 2% with zn at 0.4 and 0.6% except control in both seasons.Ths highest  values in total soluble solids 
(TSS %) as percentage were found when sprayed with urea at 2% + zn at 0.4 or 0.6% followed by urea spray at 
1% + zn 0.4 or 0.6% in the two studied seasons in jujube fruit. On the other hand, foliar application with urea at 
2% or foliar application with zn at 0.6% surpassed the foliar application with urea at 1% or zn at 0.4% in both 
studied seasons 2010 and 2011. In this respect, combination urea at two studied rates 1 or 2 % with zn at two 
studied rates 0.4 or 0.6% gave the highest values in total soluble solids (TSS %) as percentage as the compared 
to urea or zinc  spraying alone in both studied seasons.Fruit acidity as percentage was increased by all spraying 
treatment except control (water only). Spraying urea at 1% and 2% or spraying zn at 0.4% and 0.6% 
significantly increased juice acidity on jujube fruit compared to the control and compared to other treatment. 
Fruit total sugars as percentage increased by all sprayed treatments compared to control in both studied seasons 
2010 and 2011.These highest values in total sugars as percentage were found when sprayed with combination of 
urea at 1 or 2% with zn at 0.4 and 0.6% except control in jujube fruit in both seasons. Also, combination urea at 
two studied rates 1 or 2 % with zn at two studied rates 0.4 or 0.6% gave the highest values in total sugars as 
percentage compared to urea or zinc spraying alone in both studied seasons. Fruit vitamin C (ascorbic acid) 
content, data in Table (3) indicated that (V.C) content in fruit jujube juice followed in general the same trend 
obtained by different treatments on TSS%. However, combination urea at two studied rates 1 or 2 % with zn at 
two studied rates 0.4 or 0.6% gave the highest values in (V.C) content compared to urea or zinc spraying alone 
in both studied seasons. These results are in line with those reported by (Kumar et al (2004), on litchi cv. 
Dehradun  ,  Kassem et al, (2011) on jujube tree, Anora et al (1986) on sweet lime, Khyyat et al, (2007), on date 
palm and Omima et al. (2011), on Arabica coffee trees. 

     On the other hand, Mèena et al., (2005). Reported that, combined effect of the foliar application of urea 
(2.0, 2.5 and 3.0%) and ZnSO4 (0.5, 1.0 and 1.5%) on the fruit quality of pruned guava (cv. Sardar) under high-
density planting system. The greatest, ascorbic acid content (148.68 mg/100 g pulp) and total sugar content 
(8.293%) were recorded for the foliar application of 3.0% urea + 1.0% ZnSO4. 
 
Table 3: Effect of foliar sprayes of urea and zinc on fruit chemical characteristics (TSS%, Acidity%, Total sugars% and V.C (mg/100g) of  
              jujube tree during 2010 and 2011. 

Treatments 
 

2010 
TSS 
( %) 

Acidity 
( %) 

Total sugars (%) V. C 
(mg /100g) 

Control(water only) 16.15e 0.35d 10.760e 75.87e 
urea at1% 18.75bc 0.43b 11.907d 86.87d 
urea at2% 19.17ab 0.45a 11.343cd 115.1bc 
zn at 0.4% 17.95cd 0.44ab 11.666c 107.7c 
zn at 0.6% 17.29d 0.44ab 11.877c 107.3c 
Urea at 1%+zn at0.4 17.35d 0.44ab 12.617b 120.1ab 
Urea at 1%+zn at0.6 18.13cd 0.43b 12.893b 115.1bc 
Urea at 2%+zn at0.4 19.53ab 0.41c 14.380a 123.7ab 
Urea at 2%+zn at0.6 19.86a 0.43b 13.860a 130.5a 
 2011 
Control(water only)  17.87d 0.34c 10.793c 75.60e 
urea at1% 18.58bcd 0.43a 11.873bc 94.12d 
urea at2% 19.50abc 0.43a 13.130b 122.1ab 
zn at 0.4% 17.44d 0.43a 11.833bc 107.5c 
zn at 0.6% 17.55d 0.43a 11.947bc 115.7bc 
Urea at 1%+zn at0.4 17.32d 0.41ab 13.150b 120.5abc 
Urea at 1%+zn at0.6 18.32cd 0.41ab 12..987b 118.2abc 
Urea at 2%+zn at0.4 19.60ab 0.43a 14.470a 129.3ab 
Urea at 2%+zn at0.6 19.95a 0.43a 14.110a 130.4a 

 
Leaf mineral content (%): 
 

Data in Table (4) recorded that, nitrogen concentration in leaf jujube tree was significantly increased by 
twice spraying with urea at 1, 2% each one alone or combination with zn at 0.4, 0.6% and spraying twice with 
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zn at 0.4, 0.6% each one alone or combination with urea at 1, 2%   increased leaf content of N compared with 
control in both seasons. The highest values Nitrogen concentration in leaf jujube tree were obtained with 
spraying urea at 1 or 2% twice (April 15 - June 15) followed by combination urea at two studied rates 1 or 2 % 
with zn at two studied rates 0.4 or 0.6%  in both season. Significant effect was found on phosphorus content in 
leaf of jujube tree due to the foliar application treatments in both seasons. Treatments, combination urea at two 
studied rates 1 or 2 % with zn at two studied rates 0.4 or 0.6% gave the highest values of leaf phosphorus 
content than the control and the other fertilization treatments in the two seasons of investigation. 

The obtained results in Table (4) indicated that, the potassium content in leaf of jujube tree was 
significantly affected by urea and zn spraying fertilizer in both seasons. Treatments, combination urea at two 
studied rates 1 or 2 % with zn at two studied rates 0.4 or 0.6% gave the highest values of leaf K content than the 
control and the other fertilization treatments in the two seasons 2010 and 2011. On the other hand, significant 
effect was found on manganese (Mn)ppm content in leaf of jujube tree due to the foliar application treatments 
urea at two studied rates 1 or 2 % with zn at two studied rates 0.4 or 0.6% in both seasons. Generally, data in 
Table (4) recorded that, zinc (zn) ppm concentration in leaf jujube tree was significantly increased by twice 
spraying with urea at 1, 2% each one alone or combination with zn at 0.4, 0.6% and spraying twice with zn at 
0.4, 0.6% each one alone or combination with urea at 1, 2%   increased leaf content of zn ppm compared with 
control in both seasons. The highest values zn ppm concentration in leaf jujube tree were obtained with spraying 
urea at 1 or 2% twice (April 15 - June 15) followed by combination urea at two studied rates 1 or 2 % with zn at 
two studied rates 0.4 or 0.6%  in both season.  

 
Tabe 4: Effect of foliar sprayes of urea and zinc on leaf mineral content (N%), (P%), (K%),(Mn%)ppm,(Zn%)ppm and (Fe)ppm of jujube  
             tree during 2010 and 2011. 

Treatments 
 

2010 
N 
( % ) 

P 
( %) 

K 
(  % ) 

Mn 
( ppm ) 

Zn 
( ppm) 

Fe 
( ppm) 

Control(water only) 1.333c 0.150b 1.303c 36.05b 40.55e 52.8d 
urea at1% 2.733a 0.143b 1.730b 36.23b 41.94de 57.8c 
urea at2% 2.130ab 0.200ab 1.217d 38.81ab 42.45cd 61.8abc 
zn at 0.4% 1.457c 0.183ab 1.973ab 36.09b 45.19a 59.5bc 
zn at 0.6% 1.590c 0.166b 1.917ab 37.36ab 45.52a 59.7bc 
Urea at 1%+zn at0.4 1.867b 0.156b 2.077ab 39.14ab 43.37bcd 60.5abc 
Urea at 1%+zn at0.6 1.887b 0.163b 2.090ab 39.35ab 43.56bc 61.8abc 
Urea at 2%+zn at0.4 1.970b 0.210ab 2.193a 39.84a 43.29bcd 63.8ab 
Urea at 2%+zn at0.6 2.127ab 0.276a 2.250a 40.53a 44.22ab 65.2a 
 2011 
Control(water only) 1.367e 0.160b 1.323f 36.66f 41.30c 51.7c 
urea at1% 2.483a 0.156b 1.783e 36.77ef 41.36c 61.9ab 
urea at2% 2.143b 0.220ab 2.223ab 40.02bc 41.85c 64.2ab 
zn at 0.4% 1.573de 0.163b 1.790e 36.90ef 45.51a 59.4b 
zn at 0.6% 1.700cd 0.163b 1.947d 37.80ef 45.56a 61.1ab 
Urea at 1%+zn at0.4 1.950bc 0.173b 2.067c 39.47cd 43.18bc 62.1ab 
Urea at 1%+zn at0.6 1.970bc 0.190ab 2.143bc 38.27de 44.27ab 62.2ab 
Urea at 2%+zn at0.4 1.913bc 0.250ab 2.273a 41.30ab 42.33bc 64.9ab 
Urea at 2%+zn at0.6 2.103b 0.286a 2.290a 42.26a 42.66bc 65.6a 

 
The obtained results in Table (4) indicated that, significant effect was found on Fe content in leaf of jujube 

tree due to the foliar application treatments in both seasons. Treatments, combination urea at two studied rates 1 
or 2 % with zn at two studied rates 0.4 or 0.6% gave the highest values of leaf Fe content than the control and 
the other fertilization treatments in the two seasons of investigation. 

These results are in line with those reported by Kumar et al. (2004 ), on litchi cv. Dehradun, Kassem et al 
(2011), on jujube tree, Khyyat et al (2007), on date palm, Omima et al, (2011), on Arabica coffee trees and 
Mengel, (2002). 
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