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Analysis of minerals

in date palm fruit under
different nitrogen
fertilization.

ABSTRACT

Four nitrogen levels, from 0

t0 900 g/year, were used as
ammonium nitrate (33.5% N)
four or six times a year during
two growing seasons. Fruit
mineral content of date palm
Khasab cultivar was studied at
different stages of fruit
development. The nitrogen
application increased
significantly fruit N
concentration compared with
control during the second
studied growing season, but had
no effect on P, K and Zn.
Furthermore, fruit Mn and Fe
concentrations increased
significantly with application
of 600 g N/tree/year at the first
stage of fruit development
through the first season. P, K,
Mn and Fe levels of Khasab
fruit significantly decreased with
age. Nitrogen and zinc levels
had the same behaviour in the
first season, but in the second
growing season these N and Zn
concentrations evolved

differently.
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Effet de la fertilisation
azotée sur le contenu
des dattes en éléments
minéraux.

RESUME

Quatre niveaux d’azote, de 0 2
900 g/an, ont été utilisés sous
forme de nitrate

d’ammonium (33,5% N),
répartis en quatre ou six
applications par an pendant
deux cycles de production.

La composition en éléments
minéraux de dattes Khasab a
alors été érudiée a différents
stades du développement du
fruit. Par rapport 2 un témoin
non fertilisé, I'apport d’azote a
augmenté significativement la
teneur du fruit en N pendant
la deuxieme saison de
production étudiée, mais il n’a
eu aucun effet sur d’autres
éléments tels que P, K and Zn.
De plus, lors de la premiere
saison de production, I'apport
de 600 g N/arbre/an a
augmenté significativement

la teneur des fruits en Mn et Fe,
lors du premier stade de leur
développement. Par ailleurs,

les taux en P, K, Mn and Fe de
la date Khasab ont diminué avec
I'age. Les taux en N et Zn ont
eu le méme comportement lors
de la premiere période de
production, mais lors de la
seconde, ces éléments ont évolué
différemment.

MOTS CLES

Datte, variété, engrais
azoté, teneur en éléments
minérausx, fruit, stade de
développement.
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Efecto de la fertilizacion
nitrogenada sobre el

contenido de los datiles
en elementos minerales.

RESUMEN

Cuatro niveles de nitrégeno, de 0
2900 g/aio, fueron utilizados con
forma de nitrato de

amonio (33,5% N), repartidos en
cuatro o seis aplicaciones por afio
durante dos ciclos de produccion.
La composicion en elementos
minerales de datiles Khasab fue
entonces estudiada en diferentes
fases del desarrollo del fruto.
Respecto a una muestra sin
fertilizar, la aportacion de
nitrégeno aumentd
significativamente la cantidad de
N en el fruto durante la segunda
temporada de produccién
estudiada, pero no tuvo ningin
efecto sobre otros elementos tales
como P, Ky Zn. Ademis,
durante la primera temporada de
produccidn, la aportacion de

600 g N/drbol/afio aumentd
significativamente la cantidad de
Mny Feen los frutos, en la
primerafase de su desarrollo. Por
otra parte, las proporciones de P,
K, Mny Fe del ddtil Khasab
disminuyeron con la edad. Las
proporciones de N y Zn tuvieron
el mismo comportamiento
durante el primer periodo de
produccion, pero durante el
segundo, estos elementos
evolucionaron diferentemente.

PALABRAS CLAVES

Datils, variedades, abonos
nitrogenados, contenido
mineral, fruto, etapas de
desarrollo.
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introduction

Date palm trees (Phoenix dactylifera 1) arc
among, the most horticultural crops in the
United Arab Emirates. The number of culti-
vated date palm trees in the country are esti-
mated at about 18 million (Ministry of Agri-
culture and Fisheries, 1993). The soil is
characterized as sandy and very low in mineral
content. Accordingly, it is essential to supply
it with chemical fertilization to obtain good
fruit quality and quantity. The effect of ni-
trogen fertilization on growth and productiv-
ity of date palm trees was reported (FURR and
ARMSTRONG, 1958, 1959; ALJUBURI et dal,
1991; Al._ll'BURl. 1993; HUSSEIN and Hus-
SEIN, 1983; HUSSEIN et al, 1993; El-HAM

MADY er al, 1993). Soil applications of N, P,
K and organic manure did not show a signi-
ficantetfect in mineral contents, especially N,
P, K, Ca and Mg of the date palm fruic
(BACHA and ABO-HASSAN, 1983), whereas,
application of nitrogen fertilization to date
palm trees increased the levels of N, Pand K
in fruit (HUSSEIN et al, 1977) and decreased
the Na levels in che leaves (MONTASSER and
EL-HAMADY, 1988). NIEISEN er al (1993)
mentioned thar leat and fruic N and P con-
centration declined over time as apple trees
began fruiting despite the annual application
of N and P via fertirrigation. CLARK and
SMITH (1990) found that the concentration
of B, K, N, Mg, Mn, Zn, Cu, Fe and P
elements in whole persimmon fruit declined
during fruic growth. SAWAYA er a/ (1982)
noted that the nutritionally essential minerals
N, P, K, Mn, Ca, Na, Mg, Fe, Cu and Zn
(and ALJUBURI et al, 1994, N, P, K, Zn, Mn,
Fe and Cu) were high ac che carly stages of
date palm fruic development and decreased
during marturation. The objective of this re-
scarch was to study the effect of ditferent
nitrogen concentrations on fruit elements of
date palm (cultivar Khasab), ac different
stages of fruit growth and development.

materials and methods

A study was conducted at Al-Kuwaytate Experi-
ment and Research Station, Department of
Agriculture and Animal Production, Al-Ain,
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United Arab Emirates. Four nitrogen levels (0,
300, 600 and 900 g/treel/ycar) were applied in
the form of ammonium nitrate (33.5% N) cicher
in four or six equal applications from late October
through April during two growing scasons

1988/1989 and 1989/1990.

The trees were planted in sandy soil at 10 m
apart. Twenty-one mature date palm trees of
Khasab cultivars were chosen. All the trees were
of similarages (20 yearsold), uniform in growth,
free from insect damage and diseases and were
subjected to the same managementand cultural
practices. 'reatments were arranged in a com-
plete randomized block design with cach treat-
ment consisting of three mature trees. Nitrogen
tertilizers were added into a trench 15 em wide
and 15 em deep dug around and below the drip
of the date palm tree, then buried with the
dugout soil and irrigated with approximately
500 liteers for 1 hour. Date palm trees were
pollinated on 5-15 March 1989 and 1990 by
placing cight fresh male strands on a temale
spadix centre. A collection of fruit sample
started 45 (first stage), 90 (sccond stage), 1395
(third stage) and 225 (fourth stage) days after
the pollination date for both scasons (1989 and
1990) (ALJUBURI et al, 1991). Eight bunches
on cach tree were chosen for sampling. Each
sample consisted of 100 fruit, which werepicked
randomly from different strands on cach bunch.
Fruit samples were thoroughly wiped with tap
water then with distilled water. Seeds and ca-
lyxes were removed and the flesh of each date
was cut into small parts and dried in a vacuum
oven at 70°C undl a consistent weight was
achieved (ALJUBURI et al, 1994). The dried
samples were ground, and 2 g of fruit powder
were dissolved in 5 ml 20% HCI according to
CHAPMAN and PRATT (1961). Z, Mn and Fe
were determined using an Atomic Absorption
Spectrophotometer (Madel 400), Varian Tech-
tron Pry Lid, Springvale, Australia. Potassium
was determined with a Flame Spectro-
photometer (Model 400), Corning Science
Products, Corning Limited, Halstead, Essex,
England, while phosphorus was determined by
using an Auto Analyzer (Model 100), Scientific
Instruments, USA, and nitrogen was deter-
mined by micro-Kjeldanl. The data were sub-
jected to Duncan’s multiple range test using
MASTATT programme analysis.



results

Applications of N did not show signiticant
differences in nitrogen contents of Khasab fruit
among various treatments during the first and
second growing seasons except thatat the fourth
stage in the second growing scason, where fruit
nitrogen levels increased signiticantly for all
treatments as compared with control. Nitrogen
levels in date palm fruit decreased significandy
with age for all treatments in the first growing,
season, whereas fruit N levels decreased signifi-
cantly in the second and third stages and
increased only slightly in the fourth stage.
Application of nitrogen fertilizers for two suc-
cessive growing seasons did not show a signifi-
cant eftect on the Khasab fruit P concentration.
The means of fruit P concentration at the first
stage for all treatments were signiticantly higher
as compared with the second and third stages of
development during the first growing season
and second, third and fourth stages of develop-
ment during the second growing sca-
son (table 1). Khasab fruit K atall four stages of

development did not respond to the various

Table |

ANALYSIS OF MINERAL IN DATE PALM FRUIT

concentrations of nitrogen applications of eicher
four or six equal doses a year compared with
fruit of untreated date palm trees during the first
and second growing scasons. The mean of fruit
K level tended to be significantly high in the
first stage of development, then progressively
and significantly decreased with fruit age
throughout the two successive seasons. Appli-
cation of 600 g nitrogen/tree/year in four equal
doses registered signiticantly the highest levels
of Khasab fruit Mn at the first stage of develop-
ment as compared with control, whereas appli-
cation of 300 or 600 g N/tree/year in four or six
equal doses, respectively, reduced significantly
fruit Mn level as compared with control during
the first growningseason. FruitMn ofdate palm
trees did not respond to application of various
concentrations of nitrogen fertilizers during
the second growing season (table 11). Appli-
cation of different concentrations of nitrogen
tertilizers in four or six equal doses/year/tree
did notshow asignificantinerease ot Zn levels
in Khasab fruit, whereas fruit Zn levels re-
duced signiticantdy and progressively with
fruit age for all treatments during the firse

growing scason.

Influence of nitrogen fertilization on N and P levels of Khasab date palm fruit at 45, 90, 135 and 225 days after pollination®-2.

Treatment Fruit N concentration (% dry wt) Fruit P concentration (% dry wt)
g/tree/year Days after pollination Days after pollination
in4 or 6 doses
First season (1989) Second season (1990) First season (1989) Second season (1990)
45 90 135 225 45 90 13588 W225] 45 90 135 225 45 90 135 225
Control 160 1.08 082 079 078 057 054 058 016 0.12 0.12 0.18 0.16 0.11 0.12 0.12
abcd efgh ghikl ghijkl  bc e e e a a a a a a a a
300g 2103125 010 SE NP5 O N0N76" N OISd IR (IS6RN 0.0 8N ONTANS ORISR O ORaS O R4 S O] 6 SN O RO I2E ON R
in 4 doses a bcdefg fghij ikl cd e e a a a a a a a a a
300g 16614 2 10:85.010:4310 1077 10:591 010159, L 0:85! L0465 L0513 01 O5I3F 01158 05i2a ONl2 MO STH
in 6 doses abc defgh ghijkl Kkl cd e de abc a a a a a a a a
600 g 197 118 097 044 085 059 058 097 016 0.42 0.11 0.15 0.16 0.12 0.12 0.12
in 4 doses a bedefg fghij kl abc e de a a a a a a a a a
600 g 67 S RIR6* 088" IQIS6M N 0576 WEOI50(0I58M 0198 OISR 0KI2NSS QNN ENEORT4 - ORIGE S O H ESSORI2N OS5
in 6 doses ab cdefg ghikl ikl bed e de a a a a a a a a a
900 g 145 122 063 045 076 048 050 094 0.16 012 0.11 014 016 0.11 013 0.12
in 4 doses bcdef bcdefg  hijkl kl bcd e de ab a a a a a a a a
900 g 158 094 130 042 079 055 059 097 017 042 0411 0.16 0.16 0.11 0.13 0.11
in 6 doses abcde fghijk  fghi | bc e de a a a a a a a a a
Mean 7 09N HEIB7RNOSEIN 078! WOISSTNEIS7TANTI90NNONIEIN OSI2BNOSINNNGRIS  NOS(6F NONM TI052° ORI
a b @ d a b b a a b b a a & bc c

¥ Values are means of three replications (each replication represents 100 fruits);
means within columns or rows followed by same letter do not differ significantly (P = 5%): Duncan’s multiple range test.
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Influence of nitrogen fertilization on K and Mn levels of Khasab date palm fruitat 45, 90, 135 and 225 days after pollination':2.

Treatment
g/tree/year

in4 or6 doses

Control

3009
in 4 doses

3009
in 6 doses

600 g
in 4 doses

600 g
in 6 doses

900¢g
in 4 doses

900 g
in 6 doses

Mean

Fruit K concentration (% dry wt)

Fruit Mn concentration (% dry wt)

Days after pollination Days after pollination

First season (1989) Secondseason (1990) First season (1989) Secondseason (1990)
45 90 135 225 45 90 135 225 45 90 135 225 45 90 135 225
151 094 089 080 140 1.06 067 059 483 14.00 1033 6.67 3167 2567 17.67 1438
a bcd bcde cde ab bcde fg g b efgh hij ikl a  abcdef bcdef de
150 1.04 087 081 148 112 0.76 052 4167 13.67 1033 367 28.00 20.33 1567 16.33
a bc cde cde a bc  defg g d efghi hij | abc abcdef cdef cdef
148 095 085 069 149 1.05 0.71 059 4667 13.00 967 367 29.67 23.33 13.33 14.33
a bcd cde de. a bcde efg g bc  efghi ijk | ab abcdef f def
148 096 085 087 155 097 079 064 5300 1500 11.00 6.00 31.67 21.33 13.67 14.77
a bcd cde cde a cdef cdefg fg a ef fghi kl a  abcdef ef def
150 095 080 063 148 1.07 066 0.66 4333 16.00 11.33 467 3067 21.67 1367 13.33
a bcd cde e a bcd fg fg cd e fghi | ab abcdef ef f
147 103 078 086 136 1.09 063 065 4933 1467 1067 367 2633 2167 1433 1333
a bc cde cde ab bed fg fg b cfg ghij | abcdef abedef — def f
153 1.00 085 075 148 077 072 067 49.00 1567 1233 4.67 2700 2667 1433 13.33
a bc cde cde a cdefg efg fg b e efghi | abcd abcde  def f
1.5a 098b 085c 0.78c 1.46a 1.02b 0.70c 0.62c 47.33a 1450b 10.80c 4.72d 29.58a 23.29b 17.04c 14.25c

! Values are means of three replications (each replication represents 100 fruits);
means within columns or rows followed by same letter do not differ significantly (P = 5%): Duncan's multiple range test.

Application of nitrogen fertilizer did not affect
Zn levels in fruit at the second and third stages
of fruit development during the second growing
season, whereas the Zn element in fruit was
significantly higher during the fourth stage of
development than in control for 300 g
N/tree/year either in four or six equal doses, and
900 g N/tree/year in six equal doses, but there
were no significant differences of other treat-
ments relative to control (table III). Zinc ele-
ment concentration in fruit tended to be higher
in all treatments at the first stage of fruit devel-
opment as compared to the second and third
stages of fruit development, whereas in the
fourth stage of fruit development, the Zn level
increased again until it reached an approximate
value as in the first stage of fruit development.
Applications of nitrogen fertilizer to Khasab
trees did not show a significant effiect on fruit
Fein all stages of fruit developmentas compared
with control during the firstand second growing
season; however, applying 600 g N/tree/year in
either four or six equal doses increased fruit Fe
level significantly as compared with control and
other experimental treatments at the first stage
of development during the first growing season.
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The results also indicate that Fe contents during
the first stage of fruit development was highly
significant, whereas fruit Fe level decreased sig-
nificantly in the second stage, then increased
gradually but not significantly in the third and
fourth stages of fruit development during the
first and second growing seasons (table I11).

discussion and conclusion

The results conclude that nitrogen levels of
Khasab fruit progressively decreased with fruit
age in the first season, whereas fruit N concen-
trations in the second season decreased signifi-
cantly in the second and third stages of fruit
development. The first part of the results was in
agreementwith SAWAYA eza/ (1982) and ALJU-
BURI eza/(1994), who found that ten nutrition-
ally essential minerals were high at the early
stages of fruit development and then decreased
during maturation.

Application of nitrogen fertilizers either in four
or six equal doses a year for two successive
growing seasons did not show a significanteffect
on the Khasab fruit P concentration (table I).
The fruit at the first stage of development for



Table IlI

ANALYSIS OF MINERAL IN DATE PALM FRUIT

Influence of nitrogen fertilization on ZnandFe levels of Khasab date palm fruitat 45, 90, 135 and 225 days after pollination!-2.

Treatment Fruit Zn concentration (% dry wt) Fruit Fe concentration (% dry wt)
g/tree/year Days after pollination Days after pollination
in 4 or 6 doses
First season (1989) Second season (1990) First season (1989) Second season (1990)

45 90 1S SaNZ225 45 90 1350 N1225] 45 90 1861 225 45 90 1850225
Control 45.00 1267 11.00 7.67 7333 4833 51.33 4533 101.33 27.67 3233 37.33 244 150.00 173.00 225.33

a @ @ 3 b e de e bc de de de abc abc abc abc
300g 43.00 13.00 1067 5.33 7233 47.67 5267 7033 10233 23.33 40.67 43.00 318.33 270.33 171.67 221.00
in 4 doses a © © Q bc e cde bcd bc e de de ab abe * "abes Wabc
300g 46.33 1433 11.00 533 60.33 49.00 5367 7367 99.35 2967 3533 40.67 377.00 66.00 235.33 204.33
in 6 doses a @ @ (] bcde e bcde b bc de de de a abc abc abc
600 g 52.00 13.00 10.33 8.00 60.00 49.00 5267 62.33 181.33 29.00 34.33 67.00 177.00 65.00 198.67 226.33
in 4 doses a c © G bcde e cde bcde a de de cd abc c abc abc
600 g 45.00 13.00 1200 533 7067 48.00 52.00 56.67 137.33 25.00 39.67 30.67 248.00 92.00 245.33 242.33
in 6 doses a © © @ bcd e cde bcde a de de de abc bc abc abc
900 g 4967 1133 9.00 4.00 60.00 4567 54.00 6233 98.67 26.67 34.33 44.67 229.67 70.33 199.67 205.33
in 4 doses a c © @ cde e bcde bcde bce de de de abc @ abc abc
900 g 48.00 11.67 11.00 3.67 61.67 4733 52.67 9567 13500 3233 32.33 33.33 272.67 93.67 277.00 225.67
in 6 doses a G G ® bcde e cde a b de de de abc bc abc abc
Mean 47.00 1271 10.71 562 6548 4786 52.71 64.08 122.19 27.67 3557 4238 266.67 129.62 14.38 221.47

a b b (] a @ b a a © bc b a b a a

! Values are means of three replications (each replication represents 100 fruits);
means within columns or rows followed by same letter do not differ significantly (P = 5%): Duncan’s multiple range test.

all treatments were significantly higher in fruit
P levels compared with the second and third
stages of development during the first growing
season and second, third and fourth stages of
developmentduringthesecond growingseason.
The results are in agreement with SAWAYA ez
al (1982) and ALJUBURI et al (1994), who
reported that ten nutritionally essential minerals
showed that all were highest at the early stages
of development and decreased during matura-
tion, and with CLARK and SMITH (1990), who
found that the concentration of P, N, K, Mn,
Zn, Cu, Fe, B and Mg in persimmon fruit
declined during fruit growth. In addition, the
application nitrogen fertilizer in either four or
six equal doses per year during two growing
seasons had no effect on fruit K levels (table I1).
Similar results were obtained by BACHA and
ABO-HASSAN (1983) while HUSSEIN  er
al (1977) found that K levels in fruits of Khu-
neizi and Sukkari date palm cultivars increased
with an increasing amount of nitrogen applica-
tion to the trees. The data also suggest that the
fruit K levels progressively decreased with fruit
age during two successive growing seasons.

These results confirm those of SAWAYA er
al (1982) and ALJUBURI et al (1994), who
reported that ten nutritionally essential minerals
of Khudari and Sullaj or Khasab date palm
cultivars showed that all were high at the early
stages of development and decreased during
maturation. Similar results were obrtained by
CLARK and SMITH (1990) on persimmon
frruits. Fruit Mn concentration increased signi-
ficantly with application of 600 g N/tree/year
equally split over four doses at the first stage of
fruic development during the first season. The
results also revealed that fruit Mn and Zn were
significantly higher at the first stage of fruit devel-
opment as compared with the other stages.

Application of 600 g N either in four or six equal
doses/year/tree increased significantly the Fe level
at the first stage of fruit development during the
first growing season compared with control and
other experimental units (table I1I). These results
also established that Fe in Khasab fruits was higher
in the second season than in the first growing
season, and the Fe level in fruit was significantly
higher at the first fruit stage of development as
compared with the other stages for both seasons.
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