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Abstract

An experiment was conducted during two successive seasons, 2008/2009 and
2009/2010, on the Zaghloul date palm cultivar grown in calcareous loamy sand and
irrigated with drainage water. The purpose of the experiment was to investigate the
effects of 1,000 g total N per palm applied as either ammonium sulphate, ammo-
nium nitrate or urea and two levels of potassium (K,O) and elemental sulphur (S)
on the nutritional status, productivity and fruit quality of the cultivar. The results of
the study showed that the ammonium sulphate form (N1) increased the fruit yield,
weight, length and colour compared to the ammonium nitrate (N2) or the urea form
(N3). Fruit TSS, sugars, anthocyanin and dry matter content increased, whereas fruit
acidity and tannins decreased under N1 fertilisation. Furthermore, the potassium and
sulphur fertilisation enhanced the physico-chemical characteristics of the fruit. The
N1 application increased the leaf N, K, Ca, Fe and Zn contents, as did the potassium
and sulphur application. The N1 application increased the fruit N, P, K, Fe and Zn
contents, whereas the fruit Cd, Pb and NO, were highest with N2. The potassium
and sulphur applications increased the fruit N, Fe, Mn, Cd, Pb and NO, contents.
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1. Introduction

Date palm (Phoenix dactylifera) is the most com-
mon fruit tree grown in semiarid and arid- regions
of the Middle East and North Africa. In Egypt, many
farmers rely on date palm cultivation. According to
FAO (2010), Egypt is considered the leading country
among the top ten date producers (1,130,000 tonnes).
Date palm fruits are one of the most important export
fruit crops in Egypt, where they are harvested and
marketed at three stages of their development. The
three stages are khalal (bisr), rutab and tamar. Dates
in the khalal stage appear first in the harvesting sea-
son and therefore find a ready market. The best date
varieties suitable for marketing at the khalal stage are
Zaghloul dates, which are the most economically im-
portant soft cultivars grown in Egypt. Generally, they
are grown and are highly productive under stringent
environmental conditions that may be not suitable for
many other species of fruit trees. The palms investi-
gated in the present study were grown in loamy cal-
careous soil and irrigated with drainage water. These
conditions strongly influence the amount of nutrient
uptake. Therefore, the adaptation of a proper fertili-
sation program, including adequate rates, appropriate
sources and efficient application methods and timing
are important strategies for obtaining better yield and
fruit quality (Fageria and Baligar, 2005).

Nitrogen is known to be one of the most important
elements for plant nutrition and development because
it plays an important role as a constituent of all pro-
teins, nucleic acids and enzymes (Nijjar, 1985). The
forms and levels of nitrogen, the cultivars considered
and the physico-chemical properties of the soil are
all related to the use of nitrogen by plants (Li ef al.,
2007). The form of nitrogen applied can play a sig-
nificant role in plant growth and productivity (Sady et
al., 2008). Ammonium (NH,"), nitrate (NO,") and urea

are the forms of nitrogen generally applied. Different
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nitrogen sources may be preferred for use with differ-
ent plant species (Marschner, 1995). The responses of
a large number of fruit trees to the application of dif-
ferent nitrogen forms have been reported previously
(Saleh et al., 2000).

Potassium is also an important nutrient for date
palm growth and productivity (Al-Kharusi et al,
2009). Potassium is necessary for basic physiological
functions, such as the formation of sugars and starch,
the synthesis of proteins, cell division and growth,
fruit formation and could improve fruit size, flavour
and colour (Abbas and Fares, 2008). Potassium has
been shown to promote plant disease reduction, and
potassium stress can increase the degree of crop dam-
age by bacterial and fungal diseases (Holzmueller et
al., 2007). Furthermore, the last few years have seen
increasing concern regarding the use of sulphur appli-
cations to reduce alkalinity in calcareous soil (Abbey
et al., 2002), and sulphur has become one of the most
strongly limiting nutrients in agricultural production
(Eriksen et al., 2004).

In the present market economy, product quality
has become increasingly important. Therefore, the
objectives of the present study were to investigate the
effects of different forms of nitrogen and potassium
(K,0) and sulphur fertilisation (S) rates on the yield,
leaf and fruit mineral content, fruit marketing charac-
teristics and food quality of Zaghloul dates grown in

calcareous soil irrigated with drainage water.

2. Material and methods

2.1. Plant materials, treatments and experimental
design

The present study was conducted during the 2008/2009
and 2009/2010 seasons on 22 year-old Zaghloul date
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palm trees grown in calcareous loamy, sandy soil inat
a private orchard located in the Mariut region, near
Alexandria, Egypt.

The palms were planted 10 metres apart and ir-
rigated with drainage water. Analyses of the soil and
irrigation water are presented in Table 1. In Decem-
ber 2008 and December 2009, cattle manure (~1.5%
N) and calcium superphosphate (15.5% P,O,) were
applied at the rates of 25-30 and 1.5 kg/tree, respec-
tively. All the routine agro-technical operations were
performed according to the traditional schedule for
date palm culture. The leaf/bunch ratio was adjusted
in both years by the end of the blooming season to a
value of 10:1 for all experimental palms.

One kilogram of total nitrogen per palm was ap-
plied as ammonium sulphate (21.5% N) (N1), ammo-
nium nitrate (33.5% N) (N2) or urea (46 % N) (N3).
Two potassium (K,0) levels (KO=0.0 and K1 =750 g
K,O/palm) as potassium sulphate (48% K,0) and two
elemental sulphur levels (SO = 0.0 and S1 = 500 g/
palm). These nutrients were applied alone or in com-
binations to study their influence on leaf mineral con-
tent, palm yield and fruit quality.

In both experimental years, the nitrogen fer-
tiliser was divided into four equal doses and added
in March, April, May and July. The potassium ferti-
liser was divided into three equal doses and added in
March, May and August. The elemental sulphur was
applied as a single dose in December with the ma-
nure fertiliser. Twelve fertilisation treatments repre-
senting all possible combinations of the three forms
of nitrogen fertiliser, two levels of K,O and two lev-
els of S fertiliser were used (3%2x2=12 treatments).
Each treatment was broadcast on the soil surface (~
1.5 metre from the palm trunk). The palms were irri-
gated immediately after addition of the fertiliser. The
experiment was conducted as a split—split plot study
in a randomised complete design with three replicates

(1 replicate = one palm) for each treatment (3 repli-

cates x 3 N forms x 2 K O levels x 2 S levels). The
study used 36 palms with uniform characteristics. The
soil moisture content was kept at an appropriate field

capacity for sandy soil (50-75%).
2.2. Yield

In both study years, the palms were harvested in
mid-October when fruits reached the khalal stage
(fully mature, crunchy and red in colour). The aver-
age fruit yield/tree and bunch weight were recorded in
kilograms. Additionally, fruit samples were randomly
taken from four different bunches to determine the
values of the physico-chemical characteristics chosen

to represent fruit quality.
2.3. Fruit physico-chemical characteristics

A fruit sample of 30 mature dates was collected for
each replicate. The fruit weight (g), length (cm), width
(cm) and shape (length/width) were determined. The
fruit colour was measured with the following colour
intensity scale: (1) = 100% green, (2) =25% red, (3) =
50% red, (4) = 75% red and (5) = 100% red.

A sample of 40 mature dates for each replicate
was used to determine the chemical characteristics
of the fruit. The fruits were peeled at evenly spaced
locations in their equatorial region and were cut into
small pieces with a clean knife. The anthocyanin con-
tent in 1 g fruit peel tissue was determined according
to Fuleki and Francis (1968). Five grams were taken
from the fresh whole fruit (peel + pulp) to extract the
reducing and non-reducing sugars with water at 85°C
and the 3,5- dinitrosalicylic acid to extract the sugars
(Barbin, 2006). The percentage of non-reducing sug-
ars was determined by hydrolysis with hydrochloric
acid to produce reducing sugars. The percentage of
reducing sugars and the amount of total sugars was
determined according to AOAC (1995). The non-re-
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ducing sugar content was determined by calculating
the difference between the total sugar content and the
reducing sugar content. Another 5 g sample was taken
to determine the soluble tannin content (g/100 g fresh
weight) according to Abou Sayed et al. (1997). The
percentage of total soluble solids (TSS) in the fruit
juice was determined using a hand refractometer. The
acidity (as malic acid) was determined according to
AOAC (1995).

2.4. Leaf and fruit dry matter and mineral content

Another sample of 40 fruits was used to determine
the dry matter and mineral content. The fruits were
cut into pieces with a clean knife. A quantity of the
fresh fruit was weighed (fresh weight) and air-dried
to a constant weight (g) in an oven at 70°C. The dried
fruit was then weighed (dry weight), and the fruit dry
matter content was calculated as follows:

Fruit dry matter (%) = [average dry weight/aver-
age fresh weight] x 100.

In mid-October of both growing seasons, three
consecutive leaves (located just below the fruiting
zone and approximately two years old) were chosen
at random from each replicate (Reuther, 1948). The
leaf samples were washed with tap water, rinsed twice
in distilled water and air dried in an oven at 70°C.
The dried leaves and fruits were ground and digested
with H,0, and H,SO, according to Evanhuis and De
Waard (1980). Suitable aliquots were taken for the
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determination of the mineral content. Nitrogen was
determined by the Kjeldahl method (AOAC, 1995).
Phosphorus was determined by the ascorbic acid
method according to Murphy and Riley (1962). Po-
tassium and sodium were determined with a flame
photometer. The Ca, Mg, Fe, Zn, Mn, Cu, Pb and Cd
contents were measured using a Model 305 atomic
absorption spectrophotometer (Perkin-Elmer Corp.,
Norwalk, CT 06586). The concentrations of N, P, K,
Ca, Na and Mg were expressed as percentages. The
concentrations of Fe, Mn, Zn, Cu, Pb and Cd were
expressed as parts per million (ppm) on a dry weight
basis. The nitrate content of the fruit was determined
spectrophotometrically at 540 nm, then calculated as
mg/kg dry weight as described by Singh (1988).

2.5. Statistical analysis

The obtained results were evaluated using a split-
split plot design with a three-way analysis of variance
(ANOVA). In the randomised complete design, the
N forms were randomised in the main plot, the po-
tassium levels were assigned to the subplots and the
sulphur rate was assigned to the subplots. The main
effects of the nitrogen form, potassium and sulphur
level were compared using a least significant differ-
ence (L.S.D.) test at the 0.05 significance level. Cal-
culations were performed with Statistica™ for Win-
dows software version 6.1 (Statsoft Inc., 2001, Tulsa,
Oklahoma, USA).
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Table 1. Analysis of the experimental orchard soil and irrigation water.

Properties Units Orchard Soil Irrigation water
50-100 cm 0-50 cm

EC dS m-1 33 4.1 3.8

pH 8.2 7.9 7.2

HCO, meq L-1 10 12 10.8

Cat++ meq L-1 21.3 24.7 14

Mg++ meq L-1 8.6 10.5 7.6

K+ meq L-1 24 1.3 1.1

Na+ meq L-1 12.6 18.2 17.5

Cl,; meq L-1 21 17.3 17.6

Fe ppm 20.9 16.3 0.75

Mn pmn 32.8 15.5 0.21

Zn ppm 11.6 6.7 0.62

Cu ppm 14.8 11.8 0.60

Organic matter (%) 1.3 0.4 -

CaCo, (%) 32.1 354 -
3. Results was higher with the application of N1 than with N3.

However, the fruit weight was significantly higher in

3.1. Yield the first season with the application of N2 than with

For all the potassium and sulphur applications, the re-
sults showed that the yield components were higher
with the applications of N1 and N2 than with N3. Fur-
thermore, N1 resulted in a higher yield than N2. In
addition, potassium (regardless of the N form and the
S application) and sulphur (regardless of the N form
and the K O application) fertilisation significantly in-
creased the fruit yield in both seasons (Table 2).

3.2. Fruit physico-chemical characteristics

The data from both seasons also indicated that regard-

less of the K,O and S applications, the fruit weight

N1 and N3. Furthermore, the fruit length was greater
in both seasons with the application of N1 than with
N2 and N3. The fruit width was greater in the second
season with the application of N1 and N2 than with
N3. However, the different forms of nitrogen did not
produce significant differences in fruit shape (Table
2). The fruit colour value was significantly greater
with the application of N1 than with N3 in both sea-
sons. N1 and N2 did not produce a significant differ-
ence in fruit colour. Potassium and sulphur fertilisa-
tion significantly increased the fruit weight, length,
width and colour, whereas the fruit shape was not af-
fected (Table 2).
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Table 2. Main effects of nitrogen forms, potassium and sulphur on the fruit yield and the physical characteristics
of the Zaghloul date in the 2008/2009 and 2009/2010 seasons.

Yield Fruit
Treat. Weight Length Width Shape Red color
Kg/palm Kg/bunch (2) (cm) (cm)

2008-2009

N, 218 228 25.6° 6.6* 2.8 2.4 4.8
N, 200° 20° 26.7° 6.1° 2.6 2.4 4.5
N, 180¢ 18¢ 24.4¢ 5.6° 2.4 230 4.3°
KO 188° 18° 24.5° 5.6° 2.2° 2.5° 4.2°
K1 2110 220 26.7° 6.6 3.0° 2.2° 4.9
N 192° 17° 25.2° 5.9 2.4° 2.5 4.5°
S1 207¢ 23¢ 26.0° 6.4° 2.8 2.3 4.6
2009-2010

N1 1912 19° 28.8% 6.9° 3.0° 2.3* 4.9
N2 179¢ 18® 26.1° 6.6° 2.9 2.3 4.7
N3 166° 17° 25.3 5.7° 2.5° 2.3¢ 4.2°
KO 160° 15° 23.3° 5.8 2.5° 2.3 4.4°
K1 1972 212 30.2¢ 7.0 3.10 2.3¢ 4.8
SO 170° 16° 26.5° 6.0° 2.6° 2.20 4.3°
S1 187¢ 20° 27.0° 6.8° 3.0° 2.4 4.9

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

The results of the study indicated that regardless of
the K,O and S rates, the fruit acidity was lower with
the applications of N1 and N2 than with N3 in the
first season (Table 3). The fruit TSS content was sig-
nificantly greater with N1 than with N2 in the second
season and significantly greater with N1 than with N3
in both seasons. The content of non-reducing sugars
in the fruit was greater with N1 and N2 than with N3
in the second season. The content of reducing sugars
in the fruit and the total sugar content was greater
with N1 and N2 than with N3 in both seasons. The

fruit tannin values were lower with N1 than with N3
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in both seasons. However, the lowest value of tannins
was observed with N2 in the second season. The an-
thocyanin content was greater with N1 and N2 than
with N3 in both seasons. The dry matter content of
the fruit was greater with N1 than with N2 and N3
(Table 3).

Potassium fertilisation produced a significant in-
crease in fruit acidity, whereas fruit acidity was not
affected by the sulphur application. The potassium
and sulphur applications increased the fruit TSS,
anthocyanin, dry matter, reducing sugar and total

sugar content significantly. The non-reducing sugar
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content was increased by potassium fertilisation, with potassium fertilisation in both seasons, whereas

whereas it was not affected by sulphur application. sulphur application lowered the fruit tannin content
An obvious decrease in fruit tannin was observed only in the first season.
Table 3. Main effects of nitrogen forms, potassium and sulphur on the fruit chemical characteristics of the

Zaghloul date in the 2008/2009 and 2009/2010 seasons.

Treatments Acidity TSS Sugar (%) Tannins  Anthocyanin  Dry matter
(%) (%) Non-reducing  Reducing Total (%) (mg 100 g) (%)
2008/2009
N, 0.33° 27.5° 5.5¢ 27.2¢ 32.7% 0.48° 22.3¢ 32.8¢
N, 0.35° 26.4% 5.6 26.5° 32,12 0.50% 21.8 29.7°
N, 0.41° 25.3b 5.0 24.4° 29.4° 0.60° 17.5° 27.8¢
KO 0.32° 25.8° 5.0° 25.1° 30.1° 0.68* 19.1° 29.2°
K1 0.40° 27.0° 5.7% 27.0° 32.7% 0.37° 22.0° 31.0°
SO 0.35° 25.5° 5.0 25.5° 30.5° 0.59¢ 19.1° 27.8°
S1 0.37° 27.3* 5.7* 26.5° 32.2¢ 0.47° 22.0¢ 32.42
2009/2010
N, 0.36° 28.2¢ 5.9° 26.4° 32.32 0.29° 22.9 35.6*
N, 0.33¢ 27.2° 5.8 25.6° 31.42 0.24¢ 20.4° 32.6°
N, 0.34¢ 25.9¢ 4.0 22.5° 26.5° 0.46° 16.5¢ 31.7°
KO 0.32° 24.9° 4.6 22.6° 27.2° 0.43* 18.3° 31.7°
K1 0.37° 29.3¢ 5.9 27.1¢ 33.0° 0.23° 21.6* 34.9*
SO 0.34° 26.5° 4.6* 24.1° 28.7° 0.31¢ 18.3% 31.3°
S1 0.35° 27.7* 5.9 25.6* 31.6° 0.35¢ 21.6* 35.5¢

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

The study also showed that the leaf N, P, K, Fe,

Zn and Mn contents were increased significantly

3.3. Leaf and fruit mineral content

Regardless of the K,O and S application, the results by the potassium and sulphur fertilisation. How-

showed that leaf N was greater with the application
of N1 and N2 than with N3. The leaf P, K, Ca, Fe and
Zn contents were greater with N1 than with N3. How-
ever, the leaf Mg and Mn contents were greater with
N2 than with N1 and N3. The leaf Na content was not
affected by the N form (Tables 4 and 5).

ever, the Ca and Mg contents decreased with the
potassium application, whereas Ca was not af-
fected by the application of sulphur fertiliser. The
leaf Na and Cu contents decreased with the sulphur
application and were not affected by the potassium

fertiliser.
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Table 4. Main effects of nitrogen forms, potassium and sulphur on the leaf and fruit macronutrient contents (%)
of the Zaghloul date in the 2008/2009 and 2009/2010 seasons.

N P Ca Mg Na

Treatments

Leaf Fruit Leaf Fruit Leaf Fruit Leaf Fruit Leaf Fruit Leaf Fruit
2008/2009
N1 245 1.64° 036" 0.21* 196 098 1.48 0.76* 0.40° 0.31° 0.38 0.18
N2 238 1.38° 0.27° 0.17* 1.82®* 0.94* 1.32* 0.82* 0.57* 045 0.33* 0.21°
N3 224> 125 0.29° 0.19* 1.70° 0.81* 1.28 0.78 0.42° 0.35° 0.38 0.25°
KO 228 1.33* 0.5 0.18 1.70° 0.81" 1.42* 087* 0.56* 0.43* 0.38 0.19°
K1 2.43*  1.52* 0.30° 0.20° 195 1.01* 1.30° 0.70° 0.37° 032 035 0.24°
SO 223> 1.27° 0.8 0.17* 1.73* 0.84* 1.38 0.87* 0.40° 0.33* 0.42* 0.24°
S1 248 1.58* 0.33* 0.21* 1.92* 0.98 1.34* 0.70® 0.53* 0.42* 031*° 0.19°
2009/2010
N1 2.56*  1.51*  0.37*  0.24* 198 0.90° 1.55* 0.83® 0.48 0.40° 0.38 0.22¢
N2 2.58* 1.24> 0.31° 0.20* 1.74*> 0.93* 1.53* 0.93* 0.62* 0.55* 0.32* 0.19*
N3 2.42° 1.28° 0.26° 0.18" 1.62° 0.73* 1.33* 0.79° 0.42°> 0.38" 0.34* 0.26°
KO 2.40°  1.21° 0.29° 0.20° 1.62° 0.68" 1.70° 0.94* 0.58* 0.54* 0.39* 0.25°
K1 2.64* 148  0.34* 0.21*  1.94* 1.00° 1.24* 0.76° 0.43> 0.35° 0.30*° 0.20°
SO 2.40° 1.22° 0.26° 0.19*° 1.69° 0.68 1.55* 0.89* 0.42°> 0.33* 047° 0.25
S1 2.64* 147* 0.37° 022* 1.87* 1.03* 139 0.81* 059 0.56° 022 0.20°

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

The results of the study (Tables 4 and 5) showed that
the fruit N, Fe and Zn contents were greater with the
N1 application than with N2 and N3. In the second
season, the fruit P and Ca contents were higher with
N1 and N2, respectively, than with N3. In addition,
the fruit K content was significantly greater with N1
and N2 than with N3. In contrast, the fruit Mg, Mn,
Cd and NO, contents were less with N1 and N3 than
with N2. The fruit Pb content was less with N1 than
with N2 and N3. However, the nitrogen form had no

influence on the fruit Na and Cu contents.

The results of the study indicated that the fruit N,
K, Fe, Mn, Cd, Pb and NO, contents increased and
the Ca and Mg contents decreased with the applica-
tion of potassium fertiliser, whereas the fruit P, Na,
Zn and Cu contents were not affected. In addition,
the application of elemental sulphur significantly
increased the fruit N, Fe, Zn, Mn, Cd and Pb con-
tents and decreased the Cu and NO, contents. In con-
trast, the fruit P, K, Ca, Mg and Na contents were
not influenced by the sulphur application (Tables 4
and 5).
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Table 5. Main effects of nitrogen forms, potassium and sulphur on the micronutrient contents of the leaf and fruit and
the heavy-metal and nitrate contents (ppm) of the fruit of the Zaghloul date in the 2008/2009 and 2009/2010 seasons.

Fe Zn Mn Cd Pb  NO,
Treatments
Leaf  Fruit Leaf Fruit Leaf Fruit Leaf  Fruit Fruit  Fruit  Fruit
2008/2009
N1 1242 68* 492 408 42° 28° 29° 182 0.012¢ 098 57°
N2 113% 59° 440 32° 528 39: 30° 23q 0.021* 1.21* 76
N3 106° S1¢ 36¢ 30° 44° 31° 37 172 0.016* 1.14* 58°
KO 101° 53° 36 320 42° 27° 26 17 0.012* 1.02> 52°
K1 1282 66 50 36 50 38 38 228 0.021* 1.200 76
SO 105° 52° 40° 22° 330 27° 35° 228 0.010° 1.04> 68*
S1 1242 67 46° 46° 59: 38° 29° 17° 0.023*  1.18*  60°
2009/2010
N1 1332 74 442 320 50° 320 39° 232 0.018 1.02> 61°
N2 1282 62° 432 26° 66 412 320 19 0.028* 1.32¢  8I°
N3 111° 58° 30° 27 53° 28P 34° 23q 0.019* 1.21*  60°
KO 116° 56° 34° 25 51° 29° 320 20¢ 0.011*  1.06° 60
K1 1322 73¢ 442 32 62° 38° 38 23q 0.032* 1.31* 75°
SO 115° 53° 32° 23° 50° 23P 39: 26° 0.017*  0.99> 78
S1 1232 76 46 34 63: 442 31° 17° 0.026* 1.38* 67

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

4. Discussion

4.1. Yield and fruit physico-chemical characteristics
Our results showed that the application of ammo-
nium sulphate produced a higher yield, fruit weight
and fruit dry matter content than ammonium nitrate or
urea. Ammonium sulphate (NH,) SO, in the N- form
(containing 24 % sulphur) decreases the soil pH and
might therefore favour the availability and uptake of
elements by plants in slightly alkaline soils (Guelser,
2005). Moreover, ammonium assimilation into plant

metabolites requires less energy than nitrate assimila-

tion because ammonium does not need to be reduced.
Plants may save energy by assimilating reduced ni-
trogen, and this saved energy may be used to increase
the production of secondary metabolites (Elwan and
Abd El-Hamed, 2011). In addition, the application
of ammonium sulphate and nitrate forms resulted in
higher fruit quality characteristics than the application
of urea. This difference may have resulted because
urea is not suitable for fertilisation under conditions
similar to those of the present study. The gaseous loss
of ammonia following urea fertiliser application may

include up to 75% of total nitrogen, whereas less N
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volatilisation occurs from other forms of N fertiliser.
The ammonia volatilisation losses with ammonium
sulphate were lower (4% of the N applied) and pro-
duced greater nitrate leaching and greater soil acidifi-
cation than urea (Cantarella et al., 2003). The validity
and uptake efficiency of nitrogen depends on the form
applied (Sady et al., 2008). Urea-based fertilisers are
particularly susceptible to nitrogen volatilisation loss-
es in warm climates and light-textured soils with pH
greater than 7 (Nielsen, 2006). These growing condi-
tions are similar to those of the Zaghloul palms inves-
tigated by the present study. The differences in plant
yield responses to the various forms of N fertiliser
are due primarily to differences in the N losses from
the soil rather than to differences in the N assimilated
(Abassi et al., 2005).

Our results showed that the application of KO,
fertilisation significantly increased fruit weight,
length, width and colour. Although K is not a con-
stituent of any organic molecule or plant structure,
it is involved in numerous biochemical and physi-
ological processes vital to plant growth, yield, qual-
ity and stress (Cakmak, 2005). Adequate K nutrition
has also been associated with increased yields, fruit
size, increased soluble solids, improved fruit colour,
increased shelf life, and shipping quality of many hor-
ticultural crops (Kanai et al., 2007).

The effectiveness of sulphur in increasing fruit
yield and quality is clearly documented by reports
that plants assimilate inorganic sulphate into cysteine,
which is converted into methionine (Nicoforova et al.,
2003). This amino acid and others (e.g., tryptophan
or phenylalanine) are precursors for the production
of glucosinolate, a group of health-promoting com-
pounds (Schonhof ef al., 2007). N and S interact to
exert a strong effect on various growth parameters,
such as biomass and yield (Salvagiotti and Miralles,
2008). Sulphur is an essential constituent of enzymes

involved in N metabolism (Swamy et al., 2005), and
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its availability could lead to an increase in N assimi-
lation. Elemental sulphur is strongly involved in im-
proving nutrient assimilation and in stimulating the
anti-oxidative defence system of plants through its
metabolite glutathione (Gondent and Ullman, 2000).

4.2. Leaf and fruit mineral content

Generally, the beneficial effects of N1 on leaf and fruit
mineral contents, such as the contents of P, Ca, K, Fe
and Zn, might be attributed to the ability of N1 to re-
duce the soil pH. Decreases of up to 1.7 pH units can
be achieved in the 0-20 cm depth layer (Cantarella
et al., 2003). This acidity increases the availability of
nutrients, such as P, Mn, Ca, and SO,, in soils (Mar-
schner, 1995). It also enhances the solubility of nu-
trients and increases the activity of micro-organisms,
thereby increasing the plant’s ability to absorb and
transfer mineral elements (Kandil et al, 2010). The
superior effect of ammonium sulphate on leaf N con-
tent may be attributed to lower N volatilisation.

Fruit Cd and Pb content increased when N was
applied in nitrate form. The influences of different
nitrogen sources on Cd accumulation in plants have
been reported by others (Mair et al., 2002), who found
that the use of calcium nitrate as the N source resulted
in a significantly higher fruit Cd content compared
with ammonium sulphate. In addition, Shahein et al.
(2003) found that ammonium nitrate increased fruit
Cd compared with urea. Additionally, Alpha et al.
(2009) reported that NH,"-N treated plants had the
highest N and lowest Cd concentrations, whereas
NO,-N treated plants had the lowest N and highest
Cd uptake.

An increase in the leaf or fruit N, P, K, Fe, Zn and
Mn contents in response to the application of K, O fer-
tiliser has been previously noted under experimental

conditions similar to those used in this study (Kassem
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et al., 1997). The uptake of nutrients, particularly cati-
ons, is significantly influenced by K, O fertilisation. K
has thus been shown to affect the absorption, trans-
location and distribution of other cations (Epstein,
1972). However, the lack of any effect of K,O fertili-
sation on the Ca and Mg contents was expected. Cat-
ion antagonism between K* and Mg™ (Eaton, 1971)
and between K and Ca (Fageria, 1983) could possibly
explain the decrease in leaf Mg and Ca content with
K application.

The fruit Cd and Pb content increased with K
and S fertilisation. Many previous studies have con-
firmed the positive effect of potassium sulphate on Cd
uptake by plants (Zhao et al, 2003). These authors
reported that K fertilisers are always accompanied by
anions, such as sulphate, which have been reported
to increase Cd concentrations in plants. In addition,
the sulphur anion, whether applied as a sole treatment
or accompanied by K, was also found to increase Cd
accumulation in plants (Grant et al., 1999). However,
McLaughlin et al. (1998) showed no significant in-
crease in Cd uptake in response to sulphur and sug-
gested that sulphur would not have the same effect as
chloride on Cd uptake. A strong relationship between
soil salinity (chloride concentration) and Cd accumu-
lation has been reported (Norvell et al., 2000). Thus,
studies of the effects of K and S fertilisation and soil
conditions on plant Cd and Pb accumulation are very
important to minimise the concentrations of these
heavy metals in agricultural products.

The acidity produced during elemental sulphur
oxidation increases the availability of nutrients, such
as P, Mn, Ca, and SO » in soils. This effect may en-
hance the growth performance of plants (Marschner,
1995). The application of elemental of sulphur had
positive effects on the concentrations of date palm
leaf Fe, Mn, Zn, and Cu (Mohamed et al., 2006). It is
probable that these increases resulted from increased

availability and uptake through the modification of

the soil pH, as reported by Marschner (1995). Sulphur
fertilisation significantly influenced the uptake of all
clements except phosphorus (Aires et al., 2007).

Recently, the possible human health effects of
high nitrate content in vegetables and fruits have been
a topic of concern. Approximately 5-10% of ingested
nitrate is converted into the more toxic nitrite through
salivary or gastrointestinal reduction (Boink and Spei-
jers, 2001). Compared with ammonium nitrate, ferti-
lisation with ammonium sulphate and urea has been
shown to lower the nitrate content in the edible parts
of plants (Sady et al, 2008). Similar findings were
obtained in the present study. The nitrate content of
the fruits was lower with the ammonium sulphate
and urea applications than with ammonium nitrate.
Nitrate accumulation in plants is very low if nitrogen
is applied in the (NH,), SO, form because this form
is slowly nitrified (Goh and Vityakan, 1986). Ammo-
nium sulphate and urea application decreased nitrate
accumulation more rapidly than ammonium nitrate
(Elwan and Abd El-Hamed, 2011).

5. Conclusion

The results of this study indicate that the applica-
tion of ammonium sulphate as a N source produced a
greater fruit yield and a higher overall product quality
of the Zaghloul dates in the experiment. In particular,
the use of this N source produced lower contents of
nitrate and heavy metal. Special care must be taken if
date palms are fertilised with potassium and sulphur
because their application rate, their form and the soil
salinity might affect the uptake of heavy metals. The
proper use of these fertilisers can produce dates of the
highest quality and prevent any risk to human health.
In addition, this study found that the sulphur appli-
cation improved the efficient use of the nitrogen and
potassium fertilisers in the calcareous soil used in the

experiment.
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