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Abstract: The present study was conducted during 2008/2009 and 2009/2010 seasons on Zaghloul date palm
grown in calcareous loamy sand soil and irrigated with drainage water. Palms were fertilized with 1000g/palm
of actual nitrogen as ammonium sulphate (N1), ammonium nitrate  (N2)  or  urea  (N3)  as  well  as  two  levels
(500 and 1000g/palm) of potassium (K) and elemental sulfur (S) in order to study their effect on the nutritional
status, yield and fruit quality. Data showed that the N1 increased yield compared to N2 and N3. Also, the N1
gave better results of fruit weight, length and color than the N3 one. In general, fruit chemical characteristic were
improved by the N1 and N2 compared to N3. Fruit TSS, sugars, anthocyanin and dry matter content were
increased while, fruit acidity and tannins were decreased by the N1. Furthermore, the K2 and S2 rates greatly
enhanced the fruit physico-chemical characters. Leaf N, K, Ca, Fe and Zn content increased by N1, K2 and S2
applications. Fruit N, P, K, Fe and Zn content increased by N1 whereas, fruit Cd, Pb and NO  was the highest3

with N2 form. The high level of both K and S increased fruit N, Fe, Mn, Cd, Pb and NO .3
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INTRODUCTION cultivars and soil physical and chemical properties are

Date palm (Phoenix dactylifera) is the most common of the applied nitrogen can have a significant effect on
fruit trees grown under the hot, semiarid and arid- regions. plant growth and productivity [8, 9, 10]. Ammonium
In Egypt many farmers rely on date palm cultivation and (NH ) and nitrate (NO ) as well as urea are the major
according to FAO [1], Egypt is considered the first forms of nitrogen applied and one source or another may
country of the top ten date producers (1130000 tones). be preferred according to plant species [11]. The response
Zaghloul date is the most economically important soft of a large number of fruit trees to the application of
cultivar grown in Egypt which is usually harvested and different nitrogen forms has been reported [12, 13, 14].
consumed at the Khalal (Bisr) stage. It is mostly cultivated Potassium is also an important nutrient for date palm
under little rain and high evapotranspiration conditions. growth and productivity [15-18]. Potassium is necessary
Palms of the present study are growing in loamy for basic physiological functions such as formation of
calcareous soil and irrigated with drainage water. These sugars and starch, synthesis of proteins, cell division,
conditions have a great influence on nutrient uptake growth and fruit formation and it enhanced fruit size,
validity. Tisdale and Nelson [2] stated that loamy and flavor and color [19, 20,]. Potassium has been shown to
sandy loamy soils might with time become deficient in N, promote plant disease reduction and potassium stress can
P, K, Mg and B”. Therefore the adaptation of a proper increase the degree of crop damage by bacterial and
fertilization program, in terms of adequate rates, fungal diseases [21, 22]. Furthermore, in the last few years,
appropriate sources, efficient methods of application and there has been an increase concerns about using sulfur
application timing are important strategies for better yield application to reduce alkalinity in calcareous soil [23] and
and fruit quality [3]. it has become one of the most limiting nutrients in

Nitrogen and potassium are the two most needed agricultural production [24]. 
nutrients by palms for optimum growth, yield and fruit In the present market economy, product quality has
quality [4]. Nitrogen is one of the major nutrients that become increasingly important. Therefore, the present
have many important roles in plant development and study was carried out in order to investigate the efficiency
physiological process. Nitrogen levels and forms, of using different nitrogen forms as well as potassium and

being as factors related to its use by plants [5-7]. The form
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sulfur fertilization rate on yield, leaf and fruit mineral In both experimental years; nitrogen fertilizer was
content and fruit marketing and edible quality of Zaghloul divided  into  four  equal doses added in March, April,
dates grown in calcareous soil and irrigated with derange May  and  July.  Potassium  fertilizer  was  divided  into
water. three equal doses added in March, May and August.

MATERIALS AND METHODS December  with  the  manure   fertilizer.  Twelve

Plant Materials and Experimental Design: The present combinations  of  the  three  forms  of  nitrogen  fertilizer,
study was conducted during 2008/2009 and 2009/2010 two levels of potassium and two levels of elemental sulfur
seasons on 22 years old Zaghloul date palms grown in fertilizer were used (3×2×2=12 treatments). Each treatment
calcareous loamy sand soil at a private orchard located in was added as a broadcast on the soil surface (~ 1.5 meter
Mariut region, near Alexandria, Egypt. Analysis of the apart from the palm trunk) and palms were irrigated
experimental orchard soil and irrigation water is presented immediately after adding the fertilizer. The experiment was
in Table 1. Palms were planted at 10 meters apart and conducted as a split–split plot in randomized complete
irrigated with drainage water. In December of 2008 and design with three replicates (1 replicate = one palm) for
2009 years, cattle manure (~1.5% N) and calcium each treatment. The soil moisture content was kept at an
superphosphate (15.5% P O ) was applied at the rate of appropriate field capacity for sandy soil (50–75%) as2 5

25-30 and 1.5 kg/palm, respectively. All the routine agro- described by Klocke and Fischbach [25] and Miles and
technical operations were carried out according to the Broner [26]. 
traditional schedule for date palm plantation. The
leaf/bunch ratio was adjusted, in both years, by the end Yield Determination: In both seasons, palms were
of the blooming season to meet the value of 10:1 for all harvested in mid-October when fruits reached the Khalal
experimental  palms. Seven soil application treatments stage (full mature, crunchy and red in color) and the
were arranged in a completely randomized design with average fruit yield/date and bunch weight were recorded
three replicates  (1  replicate  =  1  palms)  per  treatment in kilograms. Additionally, fruit samples were randomly
(i.e. 1×3×7 = 21 palm). The treatments were as follow: The taken from four different bunches in order to determine
unfertilized trees [(N0K0S0) control], 1,000g actual fruit physical and chemical quality characteristics.
nitrogen from either ammonium sulphate [(21.5% N ) N1],
ammonium nitrate [(33.5% N) N2] or urea [(46 % N ) N3], Fruit Physical Characters: In a fruit sample of 30 mature
also two potassium (K O) levels (K1= 500 and K2 = 1000 dates for each replicate; fruit weight (g), length (cm),2

g K O/palm) from potassium sulphate (48% K O) and width (cm) and shape (length/width) were determined.2 2

elemental sulfur (S = 1000 gm/palm) were applied in order Also fruit color was measured by using a degree of color
to study their influence  on leaf mineral content, palm intensity  as  follows:  (1)  =  100%  green,  (2)  =  25%  red,
yield and  fruit quality. (3) = 50% red, (4) = 75% red and (5) = 100% red.

Elemental  sulfur  was  added  as  a single dose in

fertilization treatments representing all possible

Table 1: Analysis of the experimental orchard soil and irrigation water
Orchard soil depth (cm)
--------------------------------------------------------------------------- Irrigation

Properties 0-50 50-100 water
EC (dS/m) 3.3 4.1 3.8
pH 8.2 7.9 7.2
HCO  ( meq/L) 10.0 12 10.8-

3

Ca  (meq/L) 21.3 24.7 14.0++

Mg  ( meq/L) 8.6 10.5 7.6++

K  ( meq/L) 2.4 1.3 1.1+

Na  ( meq/L) 12.6 18.2 17.5+

Fe (ppm) 20.9 16.3 0.75
Mn (ppm) 32.8 15.5 0.21
Zn (ppm) 11.6 6.7 0.62
Cu (ppm) 14.8 11.8 0.6
Organic matter (%) 1.3 0.4 -
CaCO  (%) 32.1 35.4 -3

Cl ( meq/L) 21 17.3 17.6-
2
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Fruit Chemical Characters: In a fruit sample of 40 mature nitrate content was determined spectrophotometrically at
dates for each replicate, fruit chemical characteristics were 540 nm, then calculated as mg/kg dry weight as described
determined as follows: Fruits were peeled at evenly by Singh [33]. 
spaced location on the equatorial region of the fruits and
cut into small pieces with a clean knife. Anthocyanin Statistical  Analysis:  The  obtained  results  were
content in 1 g fruit peel tissue was determined according evaluated using one-way analysis of variance (ANOVA).
to Fuleki and Francis [27]. Five grams were taken from the Treatments means were separated and compared using
whole fresh fruit (peel + pulp) to extract the reducing and LSD test at 0.05 significance level. Calculations were
non-reducing sugars by water at 85°C and the 3-5, dinitro carried out using the software package Statistica™ for
salicylic acid according to the method of Barbin [28]. The Windows version 6.1 [34], Oklahoma, USA. 
non-reducing sugars percent was determined by
hydrolysis with hydrochloric acid into reducing sugars. RESULTS
The percentage of reducing and total sugars power was
determined according to AOAC [29]. Non-reducing Yield:  Regarding  the  effect  of  nitrogen  forms, the
sugars were calculated by the difference between total results obtained in Table (2), showed that, yield
sugars and reducing sugars. Another 5 g was taken to components were higher by the application of the
determine the soluble tannins content (g/100 g fresh ammonium sulphate (N1) and ammonium nitrate (N ) forms
weight) as illustrated by Abou Sayed et al. [30]. In the than applying urea form (N3). Additionally, nitrogen as
fruit juice, the percentage of total soluble solids (TSS) was (N1) resulted in higher yield than (N2). Furthermore, the
determined using hand refractometer and acidity as malic high level of both potassium and sulfur fertilization
acid was determined according to AOAC [29]. significantly  increased  palm  yield  in  both  seasons

Fruit Dry Matter and Nutritional Status: A sample of 40
mature fruits was taken to determine fruit dry matter and Fruit Physical Characters: Data of both seasons
mineral content. Fruits were cut into pieces with a clean
knife, then an amount of the fresh fruit was weighed (fresh
weight) and dried to a constant weight (g) in air drying
oven at 70°C, then weighed (dry weight) and fruit dry
matter content was calculated as follows:

Fruit dry matter (%) = [average dry weight/average fresh weight] × 100

A leaf sample of three consecutive leaves located just
below the fruiting zone (about two years old) was taken at
random from each replicate in mid-October of both years.
Leaf samples were washed with tap water, rinsed twice in
distilled water and dried in air drying oven at 70 °C. Dried
leaves and fruits were grounded and digested with H O2 2

and H SO  according to Evanhuis and De Waard [31].2 4

Suitable aliquots were taken for the determination of the
mineral content. Nitrogen was determined by the Kjeldahl
method [29]. Phosphorus was determined by ascorbic acid
method according to Murphy and Riley [32]. Potassium
and sodium were determined by flame photometer. Ca,
Mg, Fe, Zn, Mn, Cu, Pb and Cd contents were measured
using an atomic absorption spectrophotometer (Model
305B). The concentrations of N, P, K, Ca, Na and Mg were
expressed as percentages, while Fe, Mn, Zn, Cu, Pb and
Cd as parts per million (ppm) on dry weight basis. Fruit

2

(Table 2).

presented in Table 2 indicated that fruit weight was higher
by applying nitrogen in the ammonium sulphate form (N1)
than urea. However, fruit weight was significantly higher
in the first season only by applying nitrogen as
ammonium nitrate (N2) than ammonium sulphate (N1) and
urea (N3). Furthermore, higher fruit length was recorded
in both seasons by the application of nitrogen as the
sulphate form (N1) than N2 and N3. Fruit width was higher
in the second season only by applying nitrogen as
sulphate (N1) and nitrate (N2) than as urea (N3). However,
no significant influence on fruit shape was obtained
between the different nitrogen forms. Application of
ammonium sulphate (N1) significantly increased fruit color
compared to urea (N3) in both seasons. In the meanwhile,
no significant difference in fruit color was obtained
between N1 and N2. In addition, the data of both seasons
presented in Table 2 showed that K2 and S2 fertilization
rate significantly increased fruit weight, length, width and
color, while, fruit shape was not affected.

Fruit Chemical Characters: Data presented in Table 3
indicated that fruit acidity decreased by the application of
nitrogen as sulphate (N1) and ammonium (N2) forms
compared to urea (N3) in the first season. A significant
increase in  fruit  TSS content was obtained by applying
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Table 2: Effect of nitrogen forms, potassium and sulfur on yield and fruit physical characters of Zaghloul date in 2008/2009 and 2009/2010 seasons.
Yield
--------------------------------

Treatments Kg/palm Kg/bunch Fruit weight (g) Fruit length (cm) Fruit width (cm) Fruit shape Fruit red color
2008/2009

N0K0S0 175 16 23.4 5.5 2.1 2.62 4.3d d e d c a c

N1 209 20 25.2 6.3 2.6 2.42 4.9a ab c a a a a

N2 195 20 26.7 5.9 2.7 2.19 4.8b ab b bc a a ab

N3 188 18 24.1 6.0 2.6 2.31 4.6c c d b a a b

K1 195 19 24.2 5.8 2.4 2.42 4.6b bc d c b a b

K2 212 21 27.3 6.1 2.7 2.26 4.9a a b ab a a a

S 198 18 24.1 5.9 2.4 2.46 4.6b c d bc b a b

2009/2010
N0K0S0 163 15 24.8 5.6 2.3 2.43 4.1e d d d c a e

N1 192 19 26.3 6.8 2.9 2.34 4.7b ab b ab a a bc

N2 186 19 26.1 6.3 2.9 2.17 4.8c ab b c a a ab

N3 184 17 25.4 6.2 2.6 2.38 4.4d c c c b a d

K1 189 18 25.5 6.4 2.6 2.46 4.7bc bc c bc b a bc

K2 204 20 26.8 6.9 2.9 2.38 4.9a a a a a a a

S 179 18 25.7 6.2 2.6 2.38 4.6e bc c c b a b

Values within a column with the same letter are not significantly different (p<0.05).

Table 3: Effect of nitrogen forms, potassium and sulfur on fruit chemical characters of Zaghloul date in 2008/2009 and 2009/2010 seasons.
Reducing Anthocyanin

Treatments Acidity(%) TSS(%) Non- reducing Sugars (%) Total Tannins(%) (mg/100 g) Dry matter (%)
2008/2009

N0K0S0 0.30 23.8 4.0 17.2 21.3 0.30 20.1 24.2d e e d d c d e

N1 0.33 28.4 6.2 21.2 27.4 0.46 29.8 28.7cd a ab a a b a c

N2 0.32 27.3 6.4 20.6 27.0 0.47 29.7 25.9d ab a ab a b a d

N3 0.44 25.8 4.5 18.7 23.2 0.62 23.4 26.7a cd d c c a b d

K1 0.35 27.0 5.9 20.6 26.5 0.35 23.1 31.0c bc b ab ab c b b

K2 0.38 27.3 6.5 21.2 27.7 0.20 24.4 32.4b ab a a a d b a

S 0.31 25.5 5.4 19.9 25.3 0.19 22.2 27.8d d c b c d c c

2009/2010
N0K0S0 0.26 24.5 4.0 19.1 23.1 0.35 22.4 30.3c c d f c c c c

N1 0.33 29.9 5.8 23.9 29.7 0.42 26.9 35.8b a ab a a b a a

N2 0.34 29.7 5.6 22.8 28.4 0.44 26.3 32.3ab a b bc a b a b

N3 0.32 26.4 4.7 21.0 25.7 0.55 23.7 32.4b b c d b a b b

K1 0.34 26.7 5.5 20.7 26.2 0.33 23.5 32.5ab b b e b c b b

K2 0.37 29.8 6.3 23.4 29.7 0.22 26.3 34.7a a a ab a d a a

S 0.25 26.1 4.9 21.3 26.2 0.32 24.4 32.8bc b c de b c b

Values within a column with the same letter are not significantly different (p<0.05).

Table 4: Effect nitrogen forms, potassium and sulfur on leaf and fruit macronutrients content (%) of Zaghloul date in 2008/2009 and 2009/2010 seasons.
N P K Ca Mg Na
------------------------ -------------------- --------------------- -------------------- ---------------------- --------------------

Treatments leaf Fruit leaf fruit leaf Fruit leaf Fruit Leaf Fruit leaf Fruit
2008/2009

Control 2.13 1.09 0.23 0.15 1.60 0.70 1.11 0.48 0.30 0.21 0.30 0.15d f c d d d d c d c a a

N1 2.40 1.58 0.34 0.19 1.90 0.91 1.36 0.66 0.42 0.30 0.32 0.14a a a b ab b a b c b a a

N2 2.35 1.32 0.31 0.20 1.80 0.92 1.32 0.62 0.55 0.44 0.30 0.11ab cd a ab bc b ab b a a a a

N3 2.24 1.37 0.23 0.19 1.75 0.82 1.25 0.60 0.41 0.33 0.32 0.15c d c ab c c b b c b a a

K1 2.20 1.30 0.23 0.17 1.87 0.87 1.31 0.47 0.52 0.32 0.33 0.17cd d c c ab bc ab c ab b a a

K2 2.41 1.47 0.31 0.15 1.94 1.12 1.40 0.60 0.47 0.43 0.35 0.16a d a d a a a b bc a a a

S 2.25 1.19 0.27 0.19 1.72 0.87 1.41 0.77 0.44 0.33 0.22 0.15bc e b b c bc a b c b b a

2009/2010
Control 2.18 1.11 0.22 0.17 1.64 0.72 1.07 0.55 0.22 0.21 0.29 0.17d e d d d e d e d c a a

N1 2.42 1.61 0.33 0.21 1.86 0.94 1.44 0.60 0.37 0.30 0.31 0.18a a a b b bc a d b b a a

N2 2.37 1.35 0.29 0.25 1.75 0.90 1.30 0.72 0.52 0.43 0.28 0.21b c ab a c bc bc b a a a a

N3 2.28 1.29 0.27 0.20 1.73 0.80 1.26 0.61 0.35 0.32 0.31 0.20c cd bc bc c d bc c b b a a

K1 2.25 1.32 0.24 0.18 1.86 0.99 1.32 0.67 0.44 0.32 0.30 0.19c c cd cd b b bc c a b a a

K2 2.44 1.49 0.30 0.20 1.98 1.21 1.40 0.70 0.40 0.43 0.26 0.20a b ab bc a a ab bc b a a a

S 2.28 1.22 0.28 0.20 1.82 0.87 1.36 0.77 0.41 0.31 0.24 0.20c d bc bc b cd c a b b b a

Values within a column with the same letter are not significantly different (p<0.05).
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Table 5: Effect nitrogen forms, potassium and sulfur on leaf and fruit micronutrients, fruit heavy metals and nitrate contents (ppm) of Zaghloul date in
2008/2009 and 2009/2010 seasons.

Fe Zn Mn Cu Cd Pb NO3

Treatments leaf Fruit leaf fruit leaf Fruit leaf Fruit Fruit Fruit Fruit
2008/2009

20K0S0 107 45 27 28 35 31 30 17 0.009 0.65 34c bc c cd c c a a d c d

N1 130 50 42 34 37 31 29 18 0.019 0.94 50a b a bc bc bc a a bc b bc

N2 122 42 34 24 46 36 30 21 0.030 1.22 65bc c b d a b a a a a a

N3 119 43 31 23 34 30 37 17 0.015 1.19 54bc c b d c c a a bc a b

K1 121 46 34 25 36 35 36 20 0.011 0.86 42c bc b d c b a a cd b cd

K2 130 70 32 30 42 40 32 21 0.021 0.97 47a a b cd ab a a a ab b bc

S 132 75 40 38 44 36 24 19 0.023 0.92 24a a b a a b b a ab b e

2008/2010
N0K0S0 103 44 24 22 30 30 39 20 0.007 0.82 41f cd d b d b a a c c c

N1 134 48 40 36 34 30 35 19 0.019 1.02 60a c b a cd b ab a bc b b

N2 120 40 30 25 50 36 34 20 0.030 1.29 73de b c b a b ab a a a a

N3 126 39 31 25 31 28 34 20 0.017 1.22 56bc b c b d b ab a bc a b

K1 122 43 32 32 32 33 35 19 0.017 0.90 51cd cd c a d ab ab a bc bc bc

K2 115 63 44 23 40 38 39 18 0.022 1.22 54e b a b bc a a a ab a b

S 128 76 46 33 43 37 31 21 0.019 1.24 30b a a a ab a b a bc a d

Values within a column with the same letter are not significantly different (p<0.05).

ammonium sulphate compared to ammonium nitrate in the nitrate (N2) gave the highest leaf Mg and Mn content in
second season and urea in both seasons. Furthermore, comparison with N1 and N3. Sodium concentration in the
data of the second season showed that fruit non- leaves was not affected by any N form. Furthermore, the
reducing sugars content was higher by N1 and N2 than data presented in Tables 4 and 5 showed that leaf N, P, K,
N3 application. Also, N1 and N2 increased fruit reducing Fe and Mn content increased significantly by K2 and S2.
and total sugars content comparing with N3 in both However, Ca and Mg content were decreased by K2
seasons. The application of ammonium sulphate (N1) application, while Ca was not affected by applying S2. In
lowered fruit tannins compared to urea application (N3) in the same time, leaf Na and Cu content decreased by S2
both seasons. However, the lowest value of tannins application and was not affected by K2. 
content was obtained in the second season by applying
ammonium nitrate (N2). Anthocyanin content was higher Fruit Mineral and Nitrate Content: The obtained results
by applying N1 and N2 than N3 in both seasons. in Tables 4 and 5 showed that nitrogen added as
Applying ammonium sulphate resulted in higher fruit dry ammonium sulphate (N1) increased fruit N, Fe and Zn
matter content as compared with ammonium nitrate and content in comparison with ammonium nitrate (N2) and
urea. urea (N3). Fruit P and Ca content was higher by applying

In addition, data presented in Table 3 showed a N2 than N3 in the second season. In addition, fruit
significant  increase  in  fruit  acidity  by   K2  rate, potassium content was increased significantly by the
whereas, acidity was not influenced by S2 level. application of N1 and N2 as compared to N3. On the other
Moreover, fruit TSS, anthocyanin, dry matter, reducing hand, fruit Mg, Mn, Cd and NO  content was lower by the
and total sugars content were increased significantly by N1 and N3 forms than N2. Fruit Pb content decreased by
K2 and S2 application rate. Fruit non reducing sugars the application of the sulphate form (N1) in comparison
content increased by K2 fertilization, whereas, it was not with N2 and N3. However, nitrogen fertilizer form had no
affected by S2 application. An obvious decrease in fruit influence on fruit Na and Cu content. With regard to
tannins was observed by K2 fertilization in both seasons, potassium fertilization, data presented in Tables 4 and 5
while S2 lowered fruit tannins content in the first season indicated that fruit N, K, Fe, Mn, Cd, Pb and NO content
only. was increased while, Ca and Mg content decreased by the

Leaf Mineral Content: Regarding the influence of Zn and Cu content was not affected by K2 fertilization. In
nitrogen forms on leaf mineral content, data presented in addition, the application of elemental sulfur (S2)
Tables 4 and 5 showed that leaf nitrogen was increased significantly increased fruit N, Fe, Zn, Mn, Cd and Pb
by the application of N1 and N2 compared to N3. while, decreased Cu and NO  contents. On the contrary,
Ammonium sulphate (N1) resulted in higher leaf P, K, Ca, fruit P, K, Ca, Mg and Na content was not influenced by
Fe and Zn content than urea (N3). However, ammonium S2 application.

3

3

application of K2 fertilizer. On the other hand, fruit P, Na,

3
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DISCUSSION on various growth parameters such as biomass and yield

Similar increase in the yield of date palms grown involved in N metabolism [47, 48] and its availability could
under Egyptian environment by fertilization is previously lead to an increase in N assimilation. Also, fruit Cd and Pb
recorded by El-Hammady et al. [15], Kassem et al. [16], content was increased when N was applied in the nitrate
Hussein and Hussein [35] and Marzouk and Kassem [36]. form, as well as it increased by K and S fertilization. The
Palms fertilization has been found to increase shoot and influences of different nitrogen sources on Cd
leaf  growth  [35,  37].which  might  have  direct  influence accumulation in plants are reported [49, 50]. Also, many
in improving palm productivity and fruit quality. Applying studies confirmed the positive effect of K when applied in
nitrogen as a sulphate form indicated the highest yield, the sulphate form on Cd uptake by plants [51, 52].
fruit weight and fruit dry matter content. Guelser [38] Additionally, the sulfur anion weather applied as solo
stated that ammonium sulphate (NH ) SO  as N-form application or accompanied with K was also found to4 4

decreases soil pH, which might favor elements availability increase Cd accumulation in plants [53, 54]. However,
and uptake by plants in slightly alkaline soils. Also, McLaughlin et al. [55] showed no significant increasing
ammonium assimilation into plant metabolites requires effect of sulfur on Cd uptake and suggested that sulfur
less energy than nitrate assimilation, as it does not need would not have the same effect as the chloride on Cd
to be reduced. Plants may save energy by taking up uptake. The strong relationship between soil salinity
reduced nitrogen and energy saved may be used for (chloride concentration) and Cd accumulation is reported
increase production of secondary metabolites [39]. by Norvell et al. [56]. Thus, studying the effect of K and
Additionally, the application of nitrogen as the sulphate S fertilization and soil conditions on plant Cd and Pb
and nitrate forms resulted in higher fruit quality accumulation is very important to minimize their
characteristics than application of urea. This may be due concentration in agricultural produce. 
to that urea is not suitable for fertilization under the
conditions of the present study. Nitrogen validity and CONCLUSION
uptake efficiency depends on the applied form [10]. Urea-
based fertilizers are susceptible to volatilization losses of Hence,  to  produce  higher  yield  and  overall
nitrogen especially under the conditions of warm climate, product   quality   of   Zaghloul   dates,   in  particular
light texture soil with pH levels greater than 7[40], which lower  nitrate  content,  the  application  of  nitrogen
are similar to that of the Zaghloul palms of the present fertilizer as ammonium sulphate is advisable. Special
investigation. considerations must be taken when fertilizing date palms

Recently, the possible human health effect due to with high level of potassium and sulfur as; their applied
high nitrate content in vegetables and fruits is concerned. rate, form and salinity might affect the uptake of heavy
About 5-10% of the ingested nitrate is converted into the metals, thus producing dates with quality and no human
more toxic nitrite by salivary or gastrointestinal reduction health risks.
[41]. Fertilization with ammonium sulfate and urea has
been showed to lower the nitrate content in the edible part REFERENCES
of plants compared to ammonium nitrate [42]. Similar
findings are obtained in the present study as nitrate 1. FAO, 2010. Food and Agriculture Organization of the
content in the fruits was decreased by applying United Nations.
ammonium sulphate and urea compared to ammonium 2. Tisdale, S.L. and W.L. Nelson, 1978. Soil Fertility and
nitrate. The nitrate accumulation in plants is very low Fertilizers. Macmillan Publishing Co. Inc., New York,
when nitrogen is applied in the (NH )  SO  form because USA., pp: 67-70.4 2 4

it is slowly nitrified [43]. 3. Fageria,    N.K.    and    V.C.   Baligar,   2005.
Regarding to the effectiveness of sulfur in increasing Enhancing nitrogen use efficiency in crop plants.

the yield and fruit quality, it is well reported that plants Adv. Agron., 88: 97-185.
assimilate inorganic sulphate into cysteine, which is 4. Tung, P.G.A., M.K. Yusoff, N.M. Majid, G.K. Joo and
converted into methionine [44]. This amino acid and G.H. Huang, 2009. Effect of N and K fertilizers on
others (tryptophan or phenylalanine) are precursors for nutrient leaching and groundwater quality under
glucosinolate production, a group of health-promoting mature oil palm in Sabah during the monsoon period.
compounds [45]. N and S interact to exert a strong effect American J. Appl. Sci., 6(12): 2006- 2009.

[46]. Sulfur is an essential constituent of enzymes
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