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Abstract
This study was carried out during 2017/2018 and 2018/2019 seasons on 5 - year-old Murcott tangerine (Citrus reticulata,
Blanco.) planted at 2.5 × 5 meters in sandy soil under drip irrigation system grown under Wady El-Mollak region, Sharkia
Governorate, Egypt to evaluate the effect of replacement mineral Nitrogen fertilization using organic and biofertilizers on
vegetative growth, yield and leaf mineral content. Trees fertilized with 75% (N) mineral + 25%(N) organic + 150 ml Em1/tree/
year gained the highest values on yield, number of fruits/ tree as well as cropping efficiency, leaf area, nutrients namely N, P,
K, Ca and Mg. A great decline in all growth parameters, yield and leaf mineral content were recorded with using inorganic N
at 100% N /tree/year or 25% (N) mineral + 75% (N) organic /tree/year either using EM1 nor without EM1. The best results with
regard to growth, yield and nutritional status of Murcott tangerine trees were indicated at fertilizing trees with (500 and 600
g) N/tree/year in the first and second seasons, respectively, to increase the age of tree in the second season one, through 75
% inorganic as ammonium nitrate (33.5% N) + 25% organic as chicken manure (3 % N) + 150 ml EM1/ tree /year.
Key words: Murcott tangerine, fertilization, organic, biofertilizers, fruit set yield.

Introduction
Citrus is one of the most important fruit crops in the

world and ranked first among fruit crops in Egypt. The
cultivated area with citrus in Egypt has enormously
increased through the last decades the fruiting area
reached 429778.6 fed. Producing about 4388325 tons with
average of 10.21 tons/ fed. Tangerine (Citrus reticulata,
Blanco) is one of the most important citrus species. Total
fruiting areas of mandarin and tangerine varieties occupy
109609.5 fed. producing about 1038753 tons with average
of 9.48 tons/fed. representing 25.5% of total citrus
production, according to (FAO statistics, 2017).

Murcott is believed to have come out of the USA
department of agriculture citrus breeding program in
Florida around 1916, which is a cross between a tangerine
and sweet orange. Nutrition adequate of nitrogen for
citrus trees is essential for optimum vegetative growth
and top fruit yield and quality. Nitrogen is very important
element in nutrition not only because of its high
requirement by plants, but also because it has an extreme
importance in plants as a constituent of proteins, nucleic

acids, vitamins, hormones, chlorophyll pigments and many
other organic compounds, meaning that it is structurally
involved in most catalytic molecules (Sakakibara et al.,
2006 and Garnica et al., 2010). Also, nitrogen affects
the absorption and distribution of all other elements and it
is particularly important to the tree during flowering and
fruit set. (Obreza, 2001; Zekri and Obreza, 2002 and
Obreza et al., 2008).

Citrus trees needed nitrogen in the spring during
flowering and fruit set when 75-95% of all new leaves
are produced. For maximum yields, it’s absolutely
necessary that sufficient nitrogen should be in the leaves
at the right time (Nijjar, 1985).

Because of the mineral fertilizers are expensive in
Egypt, as well as the various disadvantages of it and
danger to human health. Therefore, some natural organic
materials were used to achieve great improvement in
soil fertility and productivity of fruit trees.

Organic fertilization is used as a substitute for mineral
N fertilization application of organic manure has numerous
merits such as reducing soil pH, increasing the availability



of all nutrients, reducing soil salinity, enhancing soil fertility,
water retention, soil organic matter, as well as increasing
biological activity of microflora, soil cation exchange,
natural hormones and antibiotics (Nijjar, 1985) and
reduced applying N chemical sources. (Abdelaal et al.,
2010).

Application of poultry manure can improve chemical,
biological and physical quality for soil and plant growth
(El-Morshedy, 1997; Canali et al., 2004 and Hilimire et
al., 2012) in addition it is more cheap to mineral nitrogen
fertilizers. (Granatstein, 2003).

Bio-fertilization based on altering the rhizosphere flora
by seed or soil inoculation with certain organisms capable
of inducing beneficial effects on a compatible host (El-
Haddad et al., 1993) Several processes other than
nitrogen fixation could account for these positive effects,
including production of growth regulators, protection from
root pathogens and modification of nutrient uptake by
the plant (Techan, 1988). Inoculation with N bio-fertilizers
could save half the normal field rate of N chemical
fertilizers and at the same time promote plant production
(Isahac, 1989).

Effective microorganisms (EM1) is a biofertilizer, the
basic purpose of EM is the restoration of healthy
ecosystem in both soil and water by using three major
genera of microorganisms which are found in nature:
phototrophic bacteria (Rhodopseudomonas), lactic acid
bacteria (Lactobacillus) and yeast (Saccharomyces).
EM contains Lactobacillus plantarum, L. casei, L.
fermentum, L. delbrueckii, Saccharomyces cerevisiae
and Rhodopseudomonas palustris (Abd-Rabou, 2006
and Higa, 2010).

Higher yield in the EM treatments, can be correlated
with improved soil chemical and physical conditions,
determined by the use of effective microorganisms at
the time the citrus plants were in bloom and fruits were
forming in late winter (Paschoal et al., 1999).

The main objective of this experiment is to estimate
the effect of replacement mineral N fertilization using
organic and biofertilizers on vegetative growth, yield and
leaf mineral content of Murcott tangerine trees.

Materials and Methods
General consideration

This study was carried out during two successive
seasons of 2017/2018 and 2018/2019 on 5 - year-old
Murcott tangerine (Citrus reticulata, Blanco.) trees
budded on volkamer lemon rootstock. The trees were
grown in a private citrus orchard located at Wady El-
Mollak region, Abo-Hamad district, Sharkia Governorate,
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Egypt. The trees were planted at 2.5 × 5 meters in sandy
soil under drip irrigation system. The experimental trees
were healthy and approximately similar in growth vigor
and size and subjected to the normal agro-technical
practices ordinary followed in the commercial citrus
orchards in respect of irrigation, pruning and pest control.
In addition, all trees were received 200Kg/fed calcium
super phosphate (15.5% P2O5) and 200Kg/fed potassium
sulphate (48.5% K2O).

Fifty Murcott tangerine trees were chosen for this
experiment and subjected to ten different fertilization
treatments regarding the doses of mineral N fertilization
in the form of (ammonium nitrate 33.5% N), organic
manure (chicken manure 3% N) and biofertilizers in the
form of (Effective Microorganisms EM1). The treatments
were as follows:
1. Fertilization at 100% of the recommended N rate

completely via inorganic as control. (T1)
2. T1 + 150 ml EM1 (biofertilizer/tree/year) (T2).
3. Fertilization at 75% of the recommended N rate

through inorganic N + 25% organic N (chicken
manure) / tree/ year (T3).

4. Fertilization at 50% of the recommended N rate
through inorganic N + 50% organic N (chicken
manure) / tree/year (T4).

5. Fertilization at 25% of the recommended N rate
through inorganic N + 75% organic N (chicken
manure) / tree/year (T5)

6. T3 + 150 ml EM1 /tree/year (T6).
7. T4 + 150 ml EM1/tree/year (T7).
8. T5 + 150 ml EM1/ tree/year (T8).
9. Application 100% of the recommended N rate through

organic (chicken manure) + 150 ml EM1 / tree/year
(T9).

10. Application 100% of the recommended N rate through
organic (chicken manure) / tree/year (T10).

Table 1: Physical properties and chemical constituents of the
tested soil.

Constituents Value
Sand 77.62 %
Silt 8.82 %

Clay 13.55 %
Texture Sandy

Ec 0.35 ds/m-1

pH 7.56
Available N 19.41 mg/Kg
Available p 16.35 mg/Kg
Available K 190.66 mg/Kg
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The above-mentioned treatments were adapted to
the same trees during the two experimental seasons.

All the selected trees were fertilized at fixed nitrogen
rate 500 and 600 g N/tree/year in the first and second
seasons, respectively to increase the age of tree in the
second season one. The source of inorganic N fertilizer
was ammonium nitrate (33.5% N) added at weekly
intervals from mid-February until the end of September.
The source of organic fertilizer was chicken manure (3%
N) added once at the mid of December under the drippers
and immediately covered with moist soil. The same stock
of chicken manure was used in the two seasons to
minimize the possible differences in composition. Chicken
manure analysis is shown in table 2.

The amount of the EM1 added once in the third week
of March at 150 ml per 5 liters of water and placed on
the chicken manure after digging the trench at a depth of
10 cm. The source of biofertilizer was the central
administration of afforestation and the environment at
the Egyptian Ministry of Agriculture in collaboration with
the Japanese research institution EMRO.

The responses of the tested Murcott tangerine to the
applied fertilization treatments were evaluated through
the following parameters:
• Fruit yield: At the commercial harvesting date of

Murcott tangerine fruits, the remained fruits on each
tree were picked out in the first week of February and
weighted through each season. Then the total yield
per tree (kg/tree) and the number of fruits/trees was
registered.

• Fruiting efficiency was calculated by dividing tree fruit
yield (Kg/tree) on the canopy volume (m3). (Whitney
et al., 1995).

• Vegetative growth characteristics.
• Canopy volume (m3) was calculated using the

following: equation:
V = 2/3  r2h
Where V is the canopy volume; r is the canopy radius

width and h are the canopy height. (Roose et al., 1989).
• Leaf characteristics: A sample of 30 mature leaves

were randomly collected on early September of each
season from the medium position of non-fruiting shoots
of spring growth cycle for each replicate to determine
the following leaf characteristics:

• Average leaf surface area (cm2) according to the
equation reported by (Redday et al., 1981) where:

Leaf area = blade width × blade length × 0.62.
• Mineral nutrient determinations: About 0.2 g of the

finely ground dry matter of leaves, branches and roots
of each replicate were digested in a mixture of
concentrated sulfuric and perchloric acids (2:1 v/v)
for 15 minutes until the digestive solution became
colorless, then transferred quantitively to 50 ml
volumetric flasks (Kitson and Mellon, 1964). The
considered mineral nutrients were determined as
follows:

1. Total nitrogen (N) and phosphorus (P) were
calorimetrically determined according to the methods
described by (Naguib, 1969) and (Kitson and Mellon,
1964) respectively.

2. Potassium (K) was determined flame photometrically
according to the method advocated by (Brown and
Lilleland, 1964).

3. Calcium (Ca) and Magnesium (Mg) were
determined in the same digestive solution according to
the versinate titration method as described by (Barrows
and Simpson, 1962).
Statistical analysis

This experiment was setted in a completely
randomized block design with 10 treatments; each
treatment was applied to five Murcott tangerine trees.
The obtained data was subjected to analysis of variances
(ANOVA) according to (Snedecor and Cochran, 1980)
using Co-Stat program. The individual comparisons
between the obtained means were compared using
Duncan’s multiple range test at 0.05 level (Duncan, 1958).

Results and Discussion
Yield and yield components

• Yield/ Tree:
As shown in table 3, the tested fertilization treatments

significantly affected fruit yield per tree in the two seasons.
However, the highest yield/ Murcott tangerine tree was
gained by trees fertilized at 75% (N) min (mineral) +
25% (N) org (organic) + Em1 (87.84 and 92.76Kg/ tree)
in the first and second seasons, respectively followed by

Table 2: Chemical analysis of the used Analysis of chicken
manure.

Characters Value
O.M 8.39 %
pH 9.02

Total N % 3 %
Total p % 0.108 %
Total K % 2.05 %

Fe ppm 869.70 ppm
Mn ppm 194.25 ppm
Zn ppm 317.25 ppm



those fertilized with 75% (N) min + 25% (N) org (87.07
and 92.12 Kg/tree) in the two seasons, respectively without
significant differences between them in the two seasons.
Murcott tangerine trees fertilized at 25% (N) min + 75%
(N) org + Em1 (72.09 and 73.00kg/ tree) and trees
fertilized with 100% (N) org (73.03 and 73.33kg/tree)
produced the lowest yield/tree in the two studied seasons,
respectively, without significant differences between them
in the two seasons. The other tested fertilization
treatments produced intermediate yields. Trees fertilized
via nitrogen fertilizer through inorganic, organic and
biofertilizer produced significantly higher yields than those
of fertilized trees fertilized via nitrogen fertilizer through
inorganic and organic without using biofertilizer throughout
two seasons. Yield of fertilized trees through three sources
(organic, inorganic and biofertilizer) was 5.10 and 4.91%
higher than that of those fertilized by two sources
(inorganic and organic) in the first and second seasons,
respectively.

Generally, the average yield/ tree fertilized via 100
% of nitrogen trough organic fertilizer with em1 (74.30
and 77.03 Kg/tree) produced higher yields than those
100% organic without em1 (73.03 and 73.33 Kg/tree)
throughout the two seasons. Regarding fertilized
treatments with inorganic nitrogen only at 100% with Em1
(81.30 and 78.92 Kg/ tree) produced higher yields than
those fertilized at 100% inorganic without EM1 (76.20
and 76.58 Kg/tree) in the first and second seasons,
respectively.

The obtained results are in harmony with those
reported by SoIaiman et al., (2003); Medhi et al., (2007);
Mansour and Shaaban (2007); Wassel et al., (2007b);
Eman et al., (2008); Abedel-Sattar et al., (2011); Ahmed

et al., (2013); Khehra and Bal, (2014); Mostafa and
Abdel-Rahman, (2015); El-Shazly et al., (2015); Ennab,
(2016); El-Salhy et al., (2017); Jugnake et al., (2017);
Hazarika and Aheibam, (2019). They revealed that
amending citrus trees with mixture of natural, bio and
mineral NPK fertilizers significantly improved the yield.
The obtained results are also in line with those reported
by Salama, et al., (2012) on Sewy date palm, Ahmed et
al., (2014) on Sakkoti date palm; Al-Wasfy and Abd El-
Rahman, (2014) on Hayany date palms; Ahmed et al.,
(2014) on Zaghloul date palms; Abd-Alhamid et al.,
(2015) On olive trees cv. Manzanillo.

• Number of Fruits/ Tree:
It is quite evident from table 3, that the number of

the harvested fruits per tree was significantly affected
by the tested fertilization treatments. The highest fruit
No./ Murcott tangerine tree was gained by trees fertilized
at 75% (N) min + 25% (N) org + Em1 (514 and 444
fruits/ tree) in the first and second seasons, respectively,
followed by those fertilized at 75% (N) min + 25% (N)
org (490 and 413 fruits/tree) in the first and second
seasons, respectively.

Murcott tangerine trees fertilized at 25% (N) min +
75% (N) gave the least number of fruits/trees org (430
and 368 fruits/tree) in the first and second seasons,
respectively and without significant differences between
this treatment and either 100% inorganic or 100% organic
in the second season only. The other tested fertilization
treatments produced intermediate fruit No./ tree.

Murcott tangerine Trees fertilized via nitrogen
fertilizer through inorganic, organic and biofertilizer
produced significantly higher number of fruits/tree than

Table 3: Effect of some nitrogen fertilization treatments on yield (kg/tree) and yield components of Murcott tangerine trees
(2017 / 2018, 2018/ 2019 seasons).

First season (2017/2018) Second season (2018/2019)
Fertilization Yield No. of Fruit Cropping Yield No. of Fruit Cropping
treatments (kg/ fruits weight efficiency (kg/ fruits weight efficiency

tree) / tree (g) (Kg/m3) tree) / tree (g) (Kg/m3)
100% (N) Min. 76.20 d 458 e 161.8 d 5.95 cd 76.58 d 370 f 199.0 de 5.92 c
100% (N) Min.+ EM1 81.30 c 467cd 169.1 c 6.48 abc 78.92 c 377 e 208.0 c 6.23 bc
75% (N) Min.+ 25% (N) Org. 87.07 a 490 b 184.1 a 6.97 a 92.12 a 413 b 226.4 a 7.34 a
50% (N) Min.+ 50% (N) Org. 76.25 d 464d e 159.7 de 6.17 bcd 78.51 cd 392 d 196.4 e 6.28 bc
25% (N) Min.+ 75% (N) Org. 68.91 g 430 g 158.5 de 5.48 d 72.70 e 368 f 195.0 e 5.59 c
75% (N) Min.+ 25% (N) Org. + EM1 87.84 a 514 a 166.5 c 7.06 a 92.76 a 444 a 204.8 cd 7.35 a
50% (N) Min.+ 50% (N) Org. + EM1 84.75 b 472 c 176.4 b 6.78 ab 90.16 b 400 c 217.0 b 7.15 ab
25% (N) Min.+ 75% (N) Org. + EM1 72.09 f 470 cd 149.6 f 5.58 d 73.00 e 395 cd 184.1 f 5.72 c
100% (N) Org.+ EM1 74.30 e 449 f 161.7 d 6.11 bcd 77.03 cd 378 e 198.9 de 6.26 bc
100% (N) Org. 73.03 ef 464 de 156.8 e 5.93 cd 73.33 e 371 f 192.9 e 5.89 c

Means having the same letter (s) in each column are insignificantly different.
Min. = mineral (Ammonium nitrate 33.5%), Org. = organic N (chicken manure 3%), EM1= Effective microorganisms (150ml/tree/year).
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those Trees fertilized via nitrogen fertilizer through
inorganic and organic without using biofertilizer throughout
two seasons.

These findings are in agreement with those reported
by Eman et al., 2008; Ahmed et al., (2013); Garhwal et
al., (2014); Khehra and Bal, (2014); Hadole et al., 2015
and Shaimaa and Massoud, (2017) they reported that
using organic, inorganic and biofertilizers gave the same
trend in different citrus species.

• Fruit Weight:
Data in table 3, show that weight of Murcott tangerine

fruits were significantly affected by the studied fertilization
treatments during the two seasons. However, the highest
fruit weight was recorded for 75% (N) min + 25% (N)
org (184.1, 226.4 g), followed by those fertilized at 50%
(N) min + 50% (N) org + Em1 (176.4, 217.0 g) in the
first and second season, respectively. Murcott tangerine
trees fertilized at 25% (N) min + 75% (N) org + Em1
gave the lowest values (149.6, 184.1 g) in the first and
second season, respectively. The other tested fertilization
treatments produced intermediate fruit weight in both
seasons. Trees fertilized with 100% (N) min, 50% (N)
min+ 50% (N) org, 25% (N) min + 75% (N) org, 100%
(N) org + Em1 and 100% (N) org were gave lower fruit
weight without significant differences between them.

As general, Murcott tangerine Trees fertilized via
nitrogen fertilizer through inorganic, organic and
biofertilizer produced significantly higher fruit weight than
those trees fertilized via nitrogen fertilizer through
inorganic and organic without using biofertilizer throughout
two seasons.
Table 4: Effect of some nitrogen fertilization treatments on Canopy volume m3 and

leaf area (cm2) of Murcott tangerine trees (2017 / 2018, 2018/ 2019 seasons).

First season Second season
(2017/2018) (2018/2019)

Fertilization treatments Canopy Leaf Canopy Leaf
Volume area Canopy Leaf

(m3) (cm2) (m3) (cm2)
100% (N) Min. 12.83 a 20.25 bc 12.96 a 21.98 b
100% (N) Min.+ EM1 12.53 a 21.32 a 12.66 a 23.14 a
75% (N) Min.+ 25% (N) Org. 12.52 a 20.32 bc 12.64 a 22.05 b
50% (N) Min.+ 50% (N) Org. 12.38 a 19.73 cd 12.51 a 21.41 c
25% (N) Min.+ 75% (N) Org. 12.57 a 19.38 d 12.70 a 21.03 d
75% (N) Min.+ 25% (N) Org. + EM1 12.41 a 20.39 b 12.54 a 22.13 b
50% (N) Min.+ 50% (N) Org. + EM1 12.48 a 19.19 d 12.60 a 20.82 de
25% (N) Min.+ 75% (N) Org. + EM1 12.91 a 19.27 d 13.04 a 20.91 de
100% (N) Org. + EM1 12.21 a 19.13 d 12.33 a 20.76 e
100% (N) Org. 12.32 a 19.14 d 12.44 a 20.77 e

Means having the same letter (s) in each column are insignificantly different.
Min. = mineral (Ammonium nitrate 33.5%), Org. = organic N (chicken manure 3%),

EM1= Effective microorganisms (150ml/tree/year).

 These results are in line with those of Ahmed et al.,
(2013); Garhwal et al., (2014); Vadak et al., (2014);
Hadole et al., (2015) and El-Shazly et al., (2015). They
reported that fruit weight and size were increased by
using nitrogen fertilizers in different sources

• Cropping Efficiency:
Data in table 3, clearly show that the highest cropping

efficiency of Murcott tangerine tress was recorded for
trees fertilized via 75% (N) min + 25% (N) org + Em1
(7.06 and 7.35 Kg fruits/ m3), followed by those fertilized
75% (N) min + 25% (N) org (6.97 and 7.34 Kg fruits/
m3) without significant differences between them in the
first and second seasons, respectively. The lowermost
cropping efficiency was recorded for trees fertilized with
25% (N) min + 75% (N) org (5.48 and 5.59 Kg fruits/
m3) and trees fertilized with 25% (N) min + 75% (N) org
+ Em1 (5.58 and 5.72 Kg fruits/m3) in the first and second
seasons, respectively. The other tested fertilization
systems recorded significantly different intermediate
cropping efficiencies ranged between 5.93 - 6.48 Kg fruits/
m3 in the first season, 5.89-7.15 Kg fruits/m3 in the second
season.

As a general, the highest yield per Murcott tangerine
tree and cropping efficiency were recorded for trees
fertilized at 75% (N) min + 25% (N) org + EM1, followed
by those 75% (N) min + 25% (N) org without significant
differences between them in most cases. Organic and
bio fertilized Murcott tangerine trees produced higher
yields and gained higher cropping efficiency during the
three tested seasons in addition to protect the environment

of pollution not only, but also producing
safe food of fruit and tangerine juice.
Physical leaf characteristics

• Canopy volume:
Data in table 4, clearly that canopy

volume (m3) was non-significantly
affected by fertilization treatments in
the two seasons. However, the largest
canopy volume was recorded for trees
fertilized at 25% (N) min + 75% (N)
org + Em1 (12.91 and 13.04 m3) in the
first and second season, respectively.
Trees fertilized with 100% (N) org +
Em1 induced the smallest canopy
volume (12.21 and 12.33 m3) in the two
seasons, respectively. The other
fertilization treatments recorded
intermediate canopy volume values.

These findings came in line with
those of Mansour and Shaaban, (2007);
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Wassel et al., (2007a); Barakat et al., (2012); Ahmed et
al., (2013); Mostafa and Abdel-Rahman, (2015); Jahromi
and  Khankahdani, (2016); Shaimaa and Massoud, (2017)
and Hazarika  and Aheibam, (2019) they indicated that
using the recommended N, P and K via two forms or
three forms (mineral, natural plus bio) resulted in an
obvious promotion on all growth.

• Leaf area:
As shown in table 4, leaf area was significantly

affected by the tested fertilization treatments in the two
seasons. However, the largest leaf area was recorded
from trees fertilized at 100% (N) min + Em1 (21.32 and
23.14 cm2) in the first and second seasons, respectively.
Followed by fertilized trees at 75% (N) min + 25% (N)
org + Em1 (20.39 and 22.13 cm2) in the two seasons.
Fertilized Trees at 100% (N) org + Em1 produced the
smallest leaf area (19.13 and 20.76 cm2) in the first and
second seasons, respectively, followed by trees fertilized
at 25% (N) min + 75% (N) org + Em1 and 100% (N) org
in both seasons without significant differences between
them. The other treatments induced intermediate leaf
area values in the two seasons. Murcott tangerine leaf
area ranged between 19.13-21.32 cm2 in the first season
and 20.76-23.14 cm2 in the second season.

 These findings came in line with those of Mansour
and Shaaban, (2007); Wassel et al, (2007a); Barakat et
al., (2012); Ahmed et al., (2013); Mostafa and Abdel-
Rahman, (2015); Jahromi and  Khankahdani, (2016);
Shaimaa and Massoud, (2017) and Hazarika and
Aheibam, (2019) they indicated that the largest leaf area
was recorded for trees fertilized with three N sources
(inorganic, organic and bio fertilizers).
Leaf chemical constituents

• Nitrogen percentage:

Data in table 5, show that the tested N fertilization
treatments significantly affected N percentage in leaves
of Murcott tangerine trees in the two seasons. Trees
fertilized with 75% (N) min + 25% (N) org + Em1 gained
the highest N percentage in leaves (2.77 and 3.06%) in
the first and second seasons, respectively, followed by
those fertilized by 50% (N) min + 50% (N) org + Em1
(2.65%) without significant differences between them in
the first season only and 25% (N) min + 75% (N) org +
Em1 (3.03%), trees fertilized with 100% (N) min + Em1
(3.02%), trees fertilized at 75% (N) min + 25% (N) org
(2.98%) and those fertilized at 50% (N) min + 50% (N)
org + Em1 (2.93%) without significant differences
between them in the second season only. However, trees
fertilized at 100% (N) org recorded the lowest N
percentage (1.97 and 2.15 %) in the first and second
seasons, respectively.

Generally, it’s worthy to mention that trees fertilized
by using three sources of nitrogen via organic as (chicken
manure), inorganic as (ammonium nitrate 33% N) and
biofertilizers as (EM1) gave higher values than those that
fertilized with two N sources without using EM1.

These results are in harmony with those found by
Mansour and Shaaban, (2007) on Washington Navel
orange, Wassel et al., (2007a) on Balady mandarin, Khan
and Begum, (2007) on young acid lime; Eman et al.,
(2008) on Washington Navel orange; Barakat et al.,
(2012) on Newhall naval orange; Ahmed et al., (2013)
on Balady mandarin; El Khayat and Abdel Rehiem,
(2013); Garhwal et al., (2014), Hadole et al., (2015),
Shaimaa and Massoud, (2017) on Washington navel
orange.

• Phosphorus percentage:
Data in table 5, clear that the tested N fertilization

Table 5: Effect of some nitrogen fertilization treatments on nitrogen, phosphorus, potassium percentage and N/k ratio in leaves
of Murcott tangerine trees (2017 / 2018, 2018/ 2019 seasons).

Fertilization First season (2017/2018) Second season (2018/2019)
treatments N % P % K % N/k ratio N % P % K % N/k ratio

100% (N) Min. 2.47 c 0.23 a 1.47 bc 1.68 bcd 2.97 ab 0.31 a 1.55 b 1.92 ab
100% (N) Min.+ EM1 2.53 bc 0.22 a 1.56 ab 1.63 cde 3.02 a 0.27 ab 1.49 bc 2.02 a
75% (N) Min.+ 25% (N) Org. 2.58 bc 0.23 a 1.41 bc 1.84 ab 2.98 a 0.23 bc 1.68 a 1.78 bc
50% (N) Min.+ 50% (N) Org. 2.48 c 0.20 ab 1.39 c 1.78 abc 2.82 b 0.27 ab 1.71 a 1.65 cd
25% (N) Min.+ 75% (N) Org. 2.26 d 0.16 b 1.47 bc 1.54 def 2.48 c 0.20 c 1.67 a 1.49 e
75% (N) Min.+ 25% (N) Org. + EM1 2.77 a 0.23 a 1.48 bc 1.87 a 3.06 a 0.23 bc 1.76 a 1.72 c
50% (N) Min.+ 50% (N) Org. + EM1 2.65 ab 0.22 a 1.38 c 1.92 a 2.93 ab 0.30 a 1.52 b 1.93 ab
25% (N) Min.+ 75% (N) Org. + EM1 2.48 c 0.23 a 1.70 a 1.47 efg 3.03 a 0.28 a 1.72 a 1.78 bc
100% (N) Org.+ EM1 2.02 e 0.20 ab 1.45 bc 1.40 fg 3.06 a 0.28 a 1.72 a 1.78 bc
100% (N) Org. 1.97 e 0.19 ab 1.48 bc 1.33 g 2.15 d 0.29 a 1.40 c 1.53 de

Means having the same letter (s) in each column are insignificantly different.
Min. = mineral (Ammonium nitrate 33.5%), Org. = organic N (chicken manure 3%), EM1= Effective microorganisms (150ml/tree/year).
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treatments significantly affected phosphorus percentage
in the leaves of Murcott tangerine trees in the two tested
seasons. All fertilized trees with organic and inorganic
and bio fertilizers were ranged phosphorus Percentage
between (0.16-0.23%) in the first season Without
significant difference with all fertilization treatment, while
phosphorus Percentage were ranged between (0.20-
0.31%) in the second season. Whereas, fertilized trees
at 25% (N) min + 75% (N) org recorded the lowest
phosphorus percentage (0.16 and 0.20 %), in the two
seasons, respectively.

Generally, it’s worthy to mention that trees fertilized
by using three sources of nitrogen via organic as (chicken
manure), inorganic as (ammonium nitrate 33%) and
biofertilizers as (Em1) gave higher values of phosphorus
percentage than those that fertilized with two N sources
without using EM1.

In this concern, (Mansour and Shaaban, (2007) on
Washington Navel orange, Khan and Begum (2007) on
young acid lime, Eman et al., (2008) on Washington
Navel orange, Barakat et al., (2012) on Newhall naval
orange, El-Khayat and Abdel Rehiem, (2013), Garhwal,
et al., (2014), Hadole et al., (2015), Shaimaa and
Massoud, (2017) on Washington navel orange, they
reported that 75% (N) mineral + 25% (N) organic + bio
fertilizeres improved leaf nutrients percentage namely
N, P, K and Mg, in relative to the other N management.

• Potassium percentage:
Data in table 5, show that the tested N fertilization

treatments significantly affected potassium percentage
in the leaves of Murcott tangerine trees throughout the
two seasons. Trees fertilized with 25% (N) min + 75%
(N) org + Em1 in the first season and those trees fertilized

at 75% (N) min + 25% (N) org + Em1 in the second
seasons gained the highest potassium percentage 1.70
and 1.76%, respectively. Followed by fertilized trees at
100% (N) min + Em1 (1.56%) in the first season and
75% (N) min + 25% (N) org (1.68%), 50% (N) min +
50% (N) org (1.71%), 25% (N) min + 75% (N) org
(1.67%), 25% (N) min + 75% (N) org + Em1 (1.72 %)
and fertilized trees with + Em1 (1.72%), without significant
differences between them in the second season.

However, the lowermost potassium percentages
were recorded by the treatment of application at 50%
(N) min + 50% (N) org + Em1 (1.38 %) in the first season
and application of 100% (N) org (1.40%) in the second
season.

Generally, it’s worthy to mention that trees fertilized
by using three sources of nitrogen via organic as (chicken
manure), inorganic as (ammonium nitrate 33%) and
biofertilizers as (EM1) gave higher values of potassium
percentage than those that fertilized with two N sources
without using EM1.

These results are in harmony with those found by
Mansour and Shaaban, (2007) on Washington Navel
orange, Khan and  Begum, (2007) on young acid lime,
Eman et al., (2008) on Washington Navel orange,
Barakat et al., (2012) on Newhall naval orange, El-
Khayat and Abdel Rehiem, (2013); Garhwal et al.,
(2014); Hadole et al., (2015); Shaimaa and Massoud,
(2017) on Washington navel orange.

• Nitrogen / potassium (N/ k) ratio
Data in table 5 clear that the tested fertilization

treatments significantly affected N/K ratio in the leaves
of Murcott tangerine trees in two tested seasons. Trees

Table 6: Effect of some nitrogen fertilization treatments on Canopy volume m3 and
leaf area (cm2) of Murcott tangerine trees (2017 / 2018, 2018/ 2019 seasons).

First season Second season
Fertilization treatments (2017/2018) (2018/2019)

Ca % Mg % Ca % Mg %
100% (N) Min. 4.32 ab 0.46 b 3.62 bc 0.53 a
100% (N) Min.+ EM1 3.97 b 0.46 b 4.08 ab 0.49 a
75% (N) Min.+ 25% (N) Org. 3.97 b 0.53 ab 4.08 ab 0.50 a
50% (N) Min.+ 50% (N) Org. 4.32 ab 0.55 a 3.85 abc 0.54 a
25% (N) Min.+ 75% (N) Org. 4.08 ab 0.46 b 3.50 bc 0.53 a
75% (N) Min.+ 25% (N) Org. + EM1 4.43 a 0.53ab 4.55 a 0.63 a
50% (N) Min.+ 50% (N) Org. + EM1 4.08 ab 0.53 ab 3.73 bc 0.62 a
25% (N) Min.+ 75% (N) Org. + EM1 4.32 ab 0.50 ab 4.20 ab 0.44 a
100% (N) Org. + EM1 4.32 ab 0.46 b 4.20 ab 0.44 a
100% (N) Org. 3.97 b 0.46 b 3.15 c 0.63 a

Means having the same letter (s) in each column are insignificantly different.
Min. = mineral (Ammonium nitrate 33.5%), Org. = organic N (chicken manure 3%),

EM1= Effective microorganisms (150ml/tree/year).

fertilized via 25% (N) min + 75% (N)
org + Em1 (1.92) and 50% (N) min +
50% (N) org + Em1 (1.87) gained the
highest N/ K ratio in the first season.
But, fertilized trees at 100% (N) min +
Em1 (2.02), 50% (N) min + 50% (N)
org + Em1 (1.93) and 100% (N) min
(1.92) were recorded the highest N/K
ratio in the second season without
significant differences between them.
Trees fertilized at 100% (N) org gained
the lowermost value of N/K ratio (1.33)
in the first season and fertilized trees
with 25% (N) min + 75% (N) org (1.49)
in the second season.

These results are in a harmony with
those obtained by Du plessis and Koen,
(1988) Stated that the nitrogen
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interaction with K has been widely studied. In general N
and K levels are inversely related. However, the ratio
between N and K has significant effect on yields and
fruit size Maximum yield Valencia orange trees in South
Africa was obtained at N:K ratio between 2.4 and 3.0
both N and K had to be at levels greater than 2.1 and 0.8
dry weight, respectively. In contrast, optimum fruit size
was attained at a ratio between 1.6 and 2.2 with N greater
than 1.8 and K greater than 0.9. Most importantly,
greatest income was achieved at relatively low N levels.

• Calcium percentage:
Data in table 6, clear that the tested N fertilization

treatments significantly affected calcium percentage in
leaves Murcott tangerine trees in the two tested seasons.
Trees fertilized with 75% (N) min + 25% (N) org + Em1
gained the highest percentage of calcium in leaves (4.43
and 4.55 %) in the first and second season, respectively,
followed by trees fertilized with 100% (N) org + Em1
and 25% (N) min + 75% (N) org + Em1 without significant
differences between them in both seasons. However, the
lowermost calcium percentage were recorded by the
treatments of fertilized at 100% (N) org (3.97 and 3.15%)
in the first and second seasons, respectively, followed by
trees fertilized 100% (N) min + Em1 and 75% (N) min +
25% (N) org (3.97%) without significant differences
between them in the first season only.

 Similarly, trends are obtained by Abedel-Sattar et
al., (2011) on Washington navel orange and Salama et
al., (2012) revealed that Sewy date palms fertilized with
organic N + mineral N + biofertilizer tended to increase
N, P, K, Ca and Mg leaf contents.

• Magnesium percentage:
Data in table 6, show that the tested N fertilization

treatments significantly affected Mg percentage in leaves
of Murcott tangerine trees in the first season and non-
significant in the second. Trees fertilized with 50% (N)
min + 50% (N) org (0.55%) recorded the highest
percentage of Mg in leaves in the first season without
significant differences between other treatments.

Trees fertilized with 100% (N) org (0.63%) recorded
the highest percentage of Mg in leaves in the second
season without significant differences between other
treatments. Murcott tangerine trees Mg percentage in
leaves ranged between (0.46 - 0.55 %, 0.44 - 0.63%) in
the first and second seasons, respectively.

These findings came in a line with those found by
Mansour and Shaaban, (2007); Wassel et al., (2007);
Khan and  Begum (2007); Eman et al., (2008); Barakat
et al., (2012); El-Khayat and Abdel Rehiem, (2013);

Garhwal et al., (2014); Hadole et al., (2015); Shaimaa
and Massoud, (2017).

Conclusion
The obtained data showed that the best results with

regard to growth, yield and nutritional status of Murcott
tangerine trees were indicated at fertilizing trees with 75%
inorganic as ammonium nitrate (33.5% N) + 25% organic
as chicken manure (3% N) + 150 ml EM1/ tree /year.
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