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Abstract

Background: Slow-release fertilizers (SRF) are quite numerous, and diverse group of materials are involved in the
improvement of the effectiveness of fertilization, mitigation of the negative impact of fertilizers on the environment,
and the reduction of labor and energy consumption connected with the application of conventional fertilizers. The
objective of the experiment was to measure vegetative growth parameters and nutritional status of Nonpareil
almond young trees under two types of slow-release compound fertilizers: Matador at 30, 60, and 120 kg/Feddan
and Nitrophoska at (25, 50, and 100 kg/Feddan. The experiment was conducted in the Experimental Research
Station of National Research Centre at Nubaria, El Behera governorate, Egypt, during successive growing seasons
2018 and 2019.

Results: The results indicated that increasing doses of slow-release fertilizer significantly improved vegetative
growth of trees. The highest dose of Nitrophoska had significantly higher stem length, diameter, numbers of
branches and leaves/trees, leaf area, leaf chlorophyll content, leaf fresh and dry weight while the highest significant
of specific leaf dry weight was obtained by applying the highest dose of Matador compared with control trees that
received the fast-release fertilizer NPK 19:19:19 at 200 kg/Feddan. Leaf mineral contents of some macro (N, P, K and
Mg) and micro elements (Fe, Mn, Zn, and Cu) were significantly increased as a result of application with slow-
release fertilizers. Nitrophoska at 100 kg/Feddan gave the highest values of nitrogen, potassium, magnesium, and
iron while Matador at 120 kg/Feddan gave the highest value of manganese. Matador at all doses resulted in a
significant increment in phosphorus concentration in leaves in both seasons. Nitrophoska at 100 kg/Feddan and
Matador at 120 kg/Feddan recorded the highest values of zinc and copper without significant differences between
them.

Conclusions: It could be concluded that application with slow-release fertilizers resulted in a positive and
significant influence on most investigated vegetative growth measurements and leaf mineral contents of Nonpareil
almond trees, since the application with Nitrophoska at 100 kg/Feddan was the most effective treatment for
increasing growth measurements and improving leaf nutritional status of Nonpareil almond trees grown under
Nubaria condition.
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Background

Nutrient losses in fertilization have often become a
problem that causes the low efficiency and environ-
mental pollution issues. About 40-70% nitrogen, 80—
90% phosphorus, and 50-70% potassium of the ap-
plied fertilizers are lost to the environment and can-
not be absorbed by plants (Wu and Liu, 2008). The
losses of these nutrients from the soil can be caused
by leaching (washing off) by the rainfall, irrigation
water, and runoff. Besides causing economic losses,
nutrient losses by leaching especially for N and P
may lead to environmental problems such as pollu-
tion, groundwater contamination, and eutrophication
in the aquatic environment (Himmah et al., 2018).
One way to minimize those environmental hazards,
while improving the efficiency of nutrient use, is by
using slow-release or controlled-release fertilizers
(Shaviv and Mikkelsen, 1993). Slow-release fertilizers
are made of materials complex structure and little
solubility in water such as the urea-kaolin products.
Various synthetic organic products, matrix-based for-
mulations, with the nutrients dispersed in the poly-
meric or inorganic matrices and polyphosphate-based
micronutrient fertilizers so, release their nutrient con-
tents gradually and coincide with the nutrient re-
quirement of plant (AlShamaileh et al, 2018).
Thereby, they can minimize the pollution of soil and
water associated with fertilizer over dosage and leach-
ing. Slow-release fertilizers have good properties, are
cost-saving and environment friendly, and thus can
efficiently improve the utilization efficiency of fertil-
izers in agricultural production (Pang et al, 2018);
they found that release amounts of N, P, and K after
5days were 95.39, 95.28, and 96.75% in water, and
83.35, 96.62, and 90.75% in soil, respectively. How-
ever, little is known about the effects of slow-release
compound fertilizers especially under new reclaimed
lands’ conditions. Therefore, the objective of this
work was to explore the efficiency of two types of
slow-release compound fertilizers on growth and nu-
tritional status of Nonpareil almond young trees
grown under Nubaria conditions.

Materials and methods

The experiment was conducted during the two succes-
sive seasons of 2018 and 2019 on 3-year-old Nonpareil
almond young trees (Prunus amygdalus B.) budded on
bitter almond rootstock uniform in vigor, with planting
space 5 x 5m (168 trees/Feddan) grown in sandy soil
under drip irrigation system in the Experimental Re-
search Station of National Research Centre at Nubaria,
El Behera governorate, Egypt. The chemical and physical
properties of the soil are presented in Table 1. The ex-
periment includes the following treatments:
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Table 1 Physical and chemical properties of the experimental

soil

Sand  Silt Clay Texture OM ECdSm' pH HCO® CO”°
(%) (%) (%) (%)

8171 901 789 Sandy 284 054 788 17
- S04 Cat Mg™  Nat K' N% P % K %

3.2 041 23 225 03 045 0.99 042 0.54

A. Fertilizer type:

1. Matador© (20% N, 20% P, 5 % K, 5 % S, 1% Zn and
it contains trace amount of free calcium,
magnesium, iron, copper, and manganese.

2. Nitrophoska® (25% N, 10% P, 17.15% K, 4% S,
1.55% Mg, 0.01% B, 0.019% Cu, 0.05% Fe, 0.05%
Mn, 0.001 %Mo and 0.019% Zn).

B. Fertilizer dose:

1. Matador® at 30, 60, 120 kg/Feddan.
2. Nitrofosca® at 25, 50, 100 kg/Feddan.

Using different doses of the two slow-release com-
pound fertilizers due to difference between element con-
centration content in them, consequently the used doses
of the two fertilizers are equal. The two slow-release
compound fertilizers at the pre-mentioned amounts
were applied once at the start of growth season in a cir-
cular hole around tree 10 cm apart from the tree stem
and covered with soil. Control trees received the normal
recommended fast-release mineral fertilizer NPK 19:19:
19 at 200 kg/Feddan, and it was added on bimonthly
doses from beginning of growing season until Septem-
ber with irrigation water. Other horticultural practices
were carried out as usual.

The following parameters were recorded for both
seasons:

1. Vegetative growth measurements
At mid-August of the two seasons, stem length of
tree (cm) and diameter of tree (mm), numbers of
branches/tree, numbers of leaves/tree, leaf fresh
weight (g), and leaf dry weight (g) were determined.
Leaf area (cm?) was measured by using CI-202 port-
able laser leaf area meter. Specific leaf dry weight
SLDW (mg/cm?) was determined by the following
equation:
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leaf dry weight (g)

1
Leaf area (cm?2) x 1000

Specific leaf dry weight =

Leaf chlorophyll content was measured in the field by
using chlorophyll meter model SPAD- 502.

2. Leaf mineral contents
Leaves samples were picked from the middle
portion of the current season growth to each
treatment washed and dried at 70 °C till a constant
weight for determination of the following nutrient
elements (percentage as dry weight) N, P, K, Mg,
Zn, Fe, Mn, and Cu according to AOAC (1985).

Statistical analysis

The design of the experiment was completely random-
ized block design with three replicates each consisted of
five trees. All data were subjected to analysis of variance
(ANOVA) as described by Mstat-C (1989), and the least
significant differences (L.S.D) at 5% were used to com-
pare between treatments means.

Results

Vegetative growth

It is clear from Tables 2 and 3 that application of two
types of slow-release compound fertilizers, Matador and
Nitrophoska, resulted in positive effect and significantly
improved vegetative growth of Nonpareil almond young
trees during 2018 and 2019 seasons.

The promotion on vegetative growth; stem length,
diameter, numbers of branches and leaves/tree; and
leaf area were associated with increasing the doses
of Matador and Nitrophoska compared with applica-
tion of fast-release fertilizer NPK 19:19:19. The max-
imum stem length (98.15 and 100.6 cm), diameter
(13.05 and 14.56 mm), numbers of branches (38 and
40.22), numbers of leaves (456 and 460), and leaf
area (3.35 and 3.62 cm?) were detected on the trees
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fertilized with Nitrophoska at 100 kg/Feddan during
both seasons of the study respectively. Meanwhile,
the minimum stem length (57 and 59.56 cm), diame-
ters (8 and 9mm), numbers of branches (9 and
10.09), numbers of leaves (162 and 165), and leaf
area (2.59 and 2.86 cm?) were detected on the trees
fertilized with NPK 19:19:19 during both seasons
respectively.

Concerning leaf fresh and dry weight, the application
of Nitrophoska at 100 kg/Feddan recorded the highest
significant values (4.54 and 6.66, and 2.41 and 3.11g)
followed by application of Matador at 120 kg/Feddan
(4.12 and 6.38, and 2.30 and 2.85 g) during both seasons,
respectively, while fast-release fertilizer NPK 19:19:19 re-
corded the lowest values of leaf fresh and dry weight
(2.80 and 3.68, and 1.00 and 1.20 g) during both seasons
respectively and was not significant with application of
Matador at 30 kg/Feddan (Table 3).

Regarding specific leaf dry weight (Table 3), in 2018
application of Matador at 120 kg/Feddan gave the high-
est significant values (756.8 mg/cm?®) followed by appli-
cation of Nitrophoska at 100 kg/Feddan (719.3 mg/cm?),
while the lowest values (369 mg/cmz) were recorded on
trees fertilized with Matador at 30 kg/Feddan and were
not significant with trees fertilized by Nitrophoska at 50
kg/Feddan and NPK 19:19:19. In 2019, application of
Matador at 120 kg/Feddan gave the highest values (861
mg/cm?) and was not significant with application of
Nitrophoska at 100 kg/Feddan, whereas the lowest values
of specific leaf dry weight (413 mg/cm?) were recorded
on trees fertilized with Matador at 30 kg/Feddan and
were not significant with trees fertilized by fast-release
fertilizer NPK 19:19:19.

As for leaf chlorophyll content, the application of
Nitrophoska at 100 kg/Feddan recorded the highest sig-
nificant values (45.33 and 45.89) followed by application
of Matador at 120 kg/Feddan (44.08 and 45.75) during
both seasons, respectively, while application of Matador
at 30 kg/Feddan recorded the lowest significant values

Table 2 Effect of different slow-release compound fertilizer types and doses on stem length, diameter, numbers of branches and

leaves/tree of Nonpareil almond young trees

Treatments Stem length Stem diameter No. of branches/tree No. of leaves/tree

(cm) (mm)

2018 2019 2018 2019 2018 2019 2018 2019
Matador© at 30 kg/Feddan 68.7% 70.56f 8.50cd 9.00e 14.00e 16.11f 209f 212f
Matador© at 60 kg/Feddan 80.50d 83.06e 8.24d 10.06d 16.00d 1843e 212e 215e
Matador© at 120 kg/Feddan 90.00c 9242d 9.10c 10.13d 21.00c 23.05d 221d 224d
Nitrophoska®© at 25 kg/Feddan 90.11c 96.23¢ 10.00b 11.00c 24.00b 26.18c 301c 305¢
Nitrophoska© at 50 kg/Feddan 96.00b 98.56b 10.11b 11.88b 37.00a 39.00b 378b 382b
Nitrophoska© at 100 kg/Feddan 98.15a 100.6a 13.05a 14.56a 38.00a 40.22a 456a 460a
Control 57.00f 5956 g 8.00d 9.00e 9.00f 10099 1629 1659

Means in each column with similar letters are not significantly different
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Table 3 Effect of different slow-release compound fertilizer types and doses on leaf area, leaf fresh weight, leaf dry weight, specific
leaf dry weight and leaf chlorophyll content of Nonpareil almond young trees

Treatments Leaf area (cm?) Leaf fresh weight Leaf dry weight Specific leaf dry weight Leaf chlorophyll
(9) (9) (mg/cm?) content

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Matador®© at 30 kg/Feddan 2.71f 298e 281f 3.72f 1.00f 1.23f 369 413e 3025g  31.28g
Matador© at 60 kg/Feddan 2.74e 301c 301e 4.18e 1.33d 1.90d 485.3d 631.3¢ 40.52d 42.64d
Matador© at 120 kg/Feddan 3.04d 331b 4.12b 6.38b 2.30b 2.85b 756.8a 861a 44.08b 45.75b
Nitrophoska®© at 25 kg/Feddan 3.05¢ 332b 3.16d 447d 1.62¢ 240c 531c 723b 40.11e 4259
Nitrophoska®© at 50 kg/Feddan 3.07b 3.34b 344c 4.92c 1.20e 1.65e 391e 494.3d 42.36¢ 43.02c
Nitrophoska© at 100 kg/Feddan ~ 3.35a 3.62a 4.54a 6.66a 241a 3.11a 719.3b 859a 45.33a 45.89a
Control 2599 2.86f 2.80f 3.68f 1.00f 1.20f 386e 419.8e 37.27f 4141

Means in each column with similar letters are not significantly different

(30.25 and 31.28) during both seasons respectively
(Table 3).

Leaf mineral content

It is evident from the results presented in Tables 4 and 5
the effect of slow-release compound fertilizers, Matador
and Nitrophoska, on macro and micro element percent-
ages in Nonpareil leaves in 2018 and 2019 seasons.

Increasing doses of slow-release Nitrophoska fertilizer
resulted in an increment of nitrogen concentration in
leaves. The highest dose of Nitrophoska gave signifi-
cantly higher nitrogen (1.71 and 1.75 %) than control
trees which received NPK 19:19:19 (1.22 and 1.41%) dur-
ing 2018 and 2019 seasons respectively (Table 4).

Table 4 illustrated that the application of Matador 120
kg/Feddan stimulated the highest phosphorus concentra-
tion in leaves followed by Matador at 60 kg/Feddan then
Matador at 30kg/Feddan (1.85, 1.82, and 1.76%) in the
first season respectively and (1.90, 1.88 and 1.82%) in the
second season respectively, while the lowest phosphorus
concentration in leaves was observed on the trees fertil-
ized with NPK 19:19:19 (1.66 and 1.69%) during the first
and second seasons respectively.

With respect to the effect of types of slow-release
compound fertilizers on potassium concentration in
leaves, in the first season Table 4 revealed that the
application of Nitrophoska fertilizer gave the best
values without any significant between doses followed
by the application of Matador significant differences
between different doses. In the second season, potas-
sium concentration in leaves was not affected signifi-
cantly by applying two types of fertilizers or doses.
On the other hand, the lowest significant value of po-
tassium concentration in leaves recorded with applica-
tion of NPK 19:19:19 fertilizer in the both seasons.

Magnesium concentration in leaves was significantly
affected as result of application with two types of
slow-release compound fertilizers and doses during
both seasons of the study (Table 4). The maximum
value of magnesium concentration in leaves was re-
corded with application of Nitrofoska at 100 kg/Fed-
dan (0.51 and 0.76%) during 2018 and 2019 seasons
respectively. Meanwhile, the minimum value of mag-
nesium concentration in leaves was recorded with ap-
plication of Matador 30kg/Feddan (0.19 and 0.25%)
during 2018 and 2019 seasons respectively.

Table 4 Effect of different slow-release compound fertilizer types and doses on some leaf macro elements content of Nonpareil

almond young trees

Treatments Nitrogen Phosphorus Potassium Magnesium

(%) (%) (%) (%)

2018 2019 2018 2019 2018 2019 2018 2019
Matador© at 30 kg/Feddan 1.34f 1.44f 1.76b 1.82¢c 1.77d 2.11a 0.19g 0.25f
Matador© at 60 kg/Feddan 1.4% 1.45e 1.82a 1.88b 1.82¢ 2.12a 0.30e 0.33e
Matador®© at 120 kg/Feddan 1.50d 1.51d 1.85a 1.90a 1.89b 2.12a 0.37d 042d
Nitrophoska© at 25 kg/Feddan 1.55¢ 1.60c 1.67d 1.75e 1.99a 2.13a 043c 0.55¢
Nitrophoska© at 50 kg/Feddan 1.66b 1.69b 1.70c 1.75e 2.00a 2.15a 045b 0.63b
Nitrophoska© at 100 kg/Feddan 1.71a 1.75a 1.70c 1.80d 2.05a 2.16a 051a 0.76a
Control 1229 1419 1.66d 1.69f 1.54e 1.60b 0.28f 033e

Means in each column with similar letters are not significantly different
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Table 5 Effect of different slow-release compound fertilizer types and doses on some leaf micro elements content of

Nonpareil almond young trees
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Treatments Zinc Iron Manganese Copper

ppm ppm ppm ppm

2018 2019 2018 2019 2018 2019 2018 2019
Matador®© at 30 kg/Feddan 21.33f 43.98b 106.1f 11019 24369 3549 25.16¢ 30.27b
Matador© at 60 kg/Feddan 36.69b 44.06b 112.4d 118.0e 34.80d 40.09d 25.16¢ 37.54b
Matador®© at 120 kg/Feddan 37.00a 45.00a 114.1c¢ 119.3d 52.20a 5537a 37.70a 40.11a
Nitrophoska®© at 25 kg/Feddan 25.66d 35.98d 114.1c 1204c 36.54¢ 41.12¢ 36.14b 38.00b
Nitrophoska© at 50 kg/Feddan 32.29%¢ 40.27¢ 117.4b 120.9b 31.32e 40.00d 25.16c 30.48¢
Nitrophoska®© at 100 kg/Feddan 37.08a 45.20a 168.8a 170.1a 41.76b 49.03b 37.74a 40.00a
Control 22.74e 40.11¢ 111.7e 115.2f 29.59f 39.84d 25.16¢ 27.05d

Means in each column with similar letters are not significantly different

Results in Table 5 indicated that application with
Nitrophoska at 100 kg/Feddan and Matador at 120 kg/
Feddan recorded the highest value of zinc concentration
in leaves without significant differences between them
(37.08 and 45, and 37 and 45.20 ppm) in both of seasons
respectively. The lowest value of zinc concentration in
leaves was recorded by application of Matador at 30 kg/
Feddan and fast-release fertilizer NPK 19:19:19 (21.33
and 40.11ppm) in the first and second seasons
respectively.

Also, results in Table 5 obviously showed that the
highest significant value of iron concentration in leaves
was recorded by application of Nitrophoska at100 kg/
Feddan (168.8 and 170.1 ppm) during 2018 and 2019
seasons respectively. Meanwhile, the lowest significant
value of iron concentration in leaves was recorded with
application of Matador 30 kg/Feddan (106.1 and 110.1
ppm) during 2018 and 2019 seasons respectively.

The application of Matador 120kg/Feddan was re-
corded the highest significant value of manganese con-
centration in leaves (52.20 and 55.37 ppm) during 2018
and 2019 seasons respectively, while the application of
Matador 30kg/Feddan recorded the lowest significant
value of manganese concentration in leaves (24.36 and
35.49 ppm) during 2018 and 2019 seasons during both
seasons respectively (Table 5).

As for copper concentration in leaves, results in the
first season showed that the application with Nitro-
phoska at 100 kg/Feddan recorded the highest value
followed by Matador at 120 kg/Feddan (37.74 and 37.70
ppm) respectively without significant differences be-
tween them. On the contrary, there was no significant
differences between application with Matador at 30 and
60 kg/Feddan and Nitrophoska at 50 kg/Feddan com-
pared with fast-release fertilizer NPK 19:19:19. In the
second season, Matador at 120 kg/Feddan gave the high-
est value followed by Nitrophoska at 100 kg/Feddan
(40.11 and 40 ppm) respectively without significant dif-
ferences between them while application with fast-

release fertilizer NPK 19:19:19 gave the lowest significant
value of copper concentration in leaves (27.05ppm)
(Table 5).

Discussions

The enhancement in vegetative growth characteristics
and leaf mineral contents of Nonpareil almond young
trees may be attributed to the use of slow-release com-
pound fertilizers, Matador and Nitrophoska, of which
content of many nutrients (nitrogen, phosphorus, potas-
sium, calcium, magnesium, iron, copper, sulfur, and
manganese) and their effects on regulating the release of
these nutrients according to the necessity of trees. Mata-
dor and Nitrophoska contain nitrogen (20 and 25%, re-
spectively) higher than the fast-release fertilizer NPK 19:
19:19, as it is known that the role of nitrogen in plants
especially in the vegetative growth stage of trees in-
creases growth and development of all living tissue by
elongation of internodes; also, nitrogen is considered an
important constituent of chlorophyll, protoplasm, pro-
tein, and nucleic acid, so that it resulted in an increase
in number and size of cells. Potassium is an essential
macro-element required in large amounts for normal
plant growth and development (Amal et al.,, 2017). Po-
tassium increases the photosynthetic rates of leaves, CO,
assimilation and facilitates carbon movement (Nabila
et al,, 2015). According to Bolland et al. (1991), early
plant growth is particularly dependent on phosphorus
because it needs rapid cell division and adequate nitro-
gen supply that produces wall leaf and stem develop-
ment. In addition, the substantial improvement of
vegetative growth due to sulfur may be attributed to
acidification resulted from sulfur oxidation that decrease
soil pH which enhances the solubility of nutrients and
increases the activity of micro-organisms. These effects
increase the nutrients availability uptake and transloca-
tion and increase the vegetative growth of trees. Also, it
may explain the superiority of Nitrophoska than Mata-
dor especially Nitrophoska at 100kg/Feddan in
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improving the most growth measurements and leaf nu-
tritional status of Nonpareil almond young trees, in par-
ticularly the high content of the first than the second
from N 25%, K 17.15%, S 4%, Mg 1.55%, B 0.01%, Cu
0.019%, Fe 0.05%, Mn 0.05%, Mo 0.001 %, and Zn
0.019% which provide trees with its requirement of ele-
ments all over the growing season and help absorption
of nutrients from the soil as indicated by high macro
and micro elements percentages in leaves compared with
fast-release mineral fertilizer NPK 19:19:19 (Tables 4
and 5).

Our results seem to support the recent view that slow-
release fertilizer substances are only slightly soluble and
require additional time for mineralization, thereby giving
them slow-release properties. According to Borges et al.
(2015), slow-release fertilizer materials may be organic
or inorganic; a primary example of an organic slow-
release fertilizers is compost while inorganic examples
include urea-based fertilizers (such as urea formalde-
hyde, isobutylidenediurea, and triazone), magnesium
ammonium phosphates and other materials which de-
grade biologically and are not easily soluble (Tong et al.,
2009; Qiwu, 2009). In addition to the efficiency of fertil-
izers dissolution is very important in the plants’ adsorp-
tion of fertilizers; the current technology to produce
slow-release fertilizers is mainly polymer film coating of
a fertilizer grain (Liang and Liu, 2006; Wu and Liu,
2008; Calabria et al., 2012); this coating changes the nu-
trient solubility characteristics and lengthens and con-
trols nutrient release consequently improving fertilizer
use efficiency and minimizing pollution to the environ-
ment due to fertilizers losses (AlShamaileh et al., 2018).
In contrast, the traditional chemical fertilizers often
cause resource waste because the release rate per unit
time of nutrients is usually much higher than the ad-
sorption rate by plants, leading to environmental pollu-
tion and other problems. Moreover, the long-term use
of these fertilizers may cause soil compaction and de-
crease of yield (Azeem et al., 2014).

The results indicated that Matador and Nitrophoska
have good slow-release compound fertilizers which pro-
vided an efficient way of supplying trees with essential
elements to growth especially under sandy soil condi-
tions such as Nubaria region which is characterized with
poor fertility, low water holding capacity, and easily
leaching of nutrients from the soil as well as to prevent
environmental pollution compared with fast-release
mineral fertilizer and cost-saving, thus can efficiently im-
prove the utilization efficiency of fertilizers. These re-
sults are in accordance with those obtained by Wen
et al. (2016); slow-release fertilizers may be a promising
approach to alleviate such problems and improve nutri-
ent utilization efficiency at the same time directly
through its design at form releases the nutrients
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gradually at the rate in accordance with the nutrient re-
quirement of the plants, which is conducive to the re-
duction of nutrient loss (Teodorescu et al., 2009). Also
they gave the highest values of residual elements in soil
due to their low activity index, compared with the fast-
release mineral fertilizer which gave the lowest values of
available elements left in the soil (Mikkelesen et al.,
1994). Moreover, the advantages of using slow-release
fertilizers instead of conventional fertilizers are various,
such as higher efficiency of the fertilizer, the continuous
supply of nutrients for a prolonged period, and lower
nutrient losses due to volatilization and leaching (Cha-
wakitchareon et al., 2016 and Pang et al., 2018).

Conclusions

Through the previous results it could be concluded that
the slow nutrient release of slow-release fertilizers can
facilitate the continuous supply of nutrients for the
plants, thereby preventing leaching losses commonly ob-
served with traditional fertilizers. Our results show the
possibility of using slow-release compound fertilizers
such as Matador and Nitrophoska especially Nitro-
phoska at 100 kg/Feddan to maximize growth and leaf
mineral contents of Nonpareil almond young trees
grown under Nubaria condition.
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SLDW: Specific leaf dry weight; SRF: Slow-release fertilizer
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