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Abstract: This study was set up to investigate the effect of irrigation using mini-sprinkler on mineral fertilizers
use efficiency, vegetative growth, fruit yield and fruit quality of apple trees in sandy soil. This target was
achieved by using drip irrigation compared to irrigate with one, two and three mini sprinklers. The study also
examined the nutrient content of apple leaves and fruits, especially nitrogen and potassium which are
considered one of the most mobile nutrients in soil (especially sand soil) and hence exposure to the loss by
leaching. So four alternative combinations of both nutrients (Nitrogen and potassium) were used, i.e.
75/100/75, 100/100/75, 75/100/100 and 100/100/100% of N/P/K recommended dose (RD) i.e. 650/150/600
g/tree. The experiment was arranged in a split plot design with three replicates where the irrigation was the
main plot and the mineral fertilization was the subplot. The obtained results indicate that irrigation with mini
sprinkler improved all of the studied vegetative growth parameters (shoot No., shoot length (cm), shoot
diameter (cm), total leaf area, total chlorophyll), leaves and fruits nutrient contents and yield parameters as
well physical and chemical properties compared to drip irrigation and in the same time, using three mini
sprinklers surpassed all the other used irrigation systems. On the other hand, the highest values of all the
studied parameters were noticed at 100/100/100% of N/P/K RD. Concerning the interaction effect between the
irrigation type and mineral fertilization, data indicated that the highest values of all the studied parameters
were obtained in the treatment of 3 sprinkler+100/100/100% of N/P/K RD. Fertilizer use efficiency (FUE) were
more on application of 75% RD of Nitrogen and potassium than at 100% RD of both nutrients with any type of
irrigation.
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I.  Introduction

Apple is considered as one of the major and the most important deciduous fruit crop in the world. The
total acreage of apple in Egypt reached about 35078 ha during 2016/2017 and producing about 695769 MT
with an average of 19.835 MT/ha (Ministry of Agriculture in 2015). Many authors stated that yield and
quality of "Anna"apple fruits relay on several factors. One of the most important factors which affect and play
an important role in this concern is using of some fertilizers which enhance fruit growth, fruit quality and
consequently increase productivity. Moreover, irrigation systems are very important factors which in turn
reflect their impact on increasing and improving fruit yield and fruit characteristics.

Global climate change is predicted to have negative effects on both agricultural production and water
resources. "Anna"apple tree grown successfully under Egypt conditions still needs a lot of studies towards
adjusting the suitable horticultural practices that required for improving yield and fruit quality especially N, P
and K fertilization. Several factors governed the N, P and K nutrition, namely soil texture, climatic conditions,
soil pH, water table depth, soil salinity, soil CaCOs, irrigation system, variety, tree age, plant density,
supporting and pruning systems, and climatic conditions. Fertilization with N, P and K is considered as a
backbone of plant nutrition. Building of all organic foods greatly depends on supplying the trees with their
requirements from N, P and K at balanced rate (Marschiner, 1995). Previous studies show that supplying
Apple and other deciduous fruit crops with their needs from N, P and K at balanced rate was very
necessary for improving yield and fruit quality (Firakand Deolankar, 2000, Kabeelet al., 2005; El-
Sehrawy, 2008; Dhillonet al., 2009; Von- Bennewtzet al., 2011; El-khawaga, 2011; Karimi et al., 2012;
Mansour et al., 2007; Milosevic et al., 2013; El-Sayed, 2013; and Kumar and Ahmed, 2014.

Fertilizers should be applied in a form that becomes available to coincide with crop demand for
maximum utilization of nutrients from fertilizers. Fertigation enables adequate supplies of water and nutrients
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with precise timing and uniform distribution to meet the crop nutrient demand. Further, fertigation ensures
substantial saving in fertilizer usage and reduces leaching losses (Kumar et al., 2007). Similar to frequent
application of water, optimally split applications of fertilizer improves quality and quantity of crop yield than
the conventional practices (Sharma et al. 2011). Compared with the NPK soil application, NPK fertigation
significantly increased all The nitrogen, phosphorus and potassium (NPK) fertilizers which were applied
through fertigation as well as soil application to test various attributes of 3-years-old guava CV. Shweta under
meadow (ultra high density) orcharding. The investigation indicated that 100% irrigation of irrigation
water/cumulative pan evaporation (I13) through drip resulted in maximum plant height (1.97 m), canopy volume
(0.98 m3), girth of primary branches (2.41 cm), leaf area (62.94 cm2) and fruit weight (163.71 g). However,
75% irrigation of irrigation water/cumulative pan evaporation resulted in maximum plant spread east, west-
north south (1.91 to 1.79 m), fruit yield/plant (5.87 kg) with a benefit: cost ratio of 2.62. Use of 60, 30 and 30 g
NPK/plant/year produced maximum leaf area (63.39 cm2), fruit weight (162.43 g) and fruit yield/plant (6.01

kg).

Interaction effect of irrigation and fertigation levels showed that 100% irrigation of irrigation
water/cumulative pan evaporation + 100% water soluble fertilizers gave maximum plant height (2.07 m),
canopy volume (1.24 m3), girth of primary branches (2.48 cm), leaf area (66.08 cm2), fruit diameter 6.69
cm(polar) and 5.97 cm (equatorial), fruit weight (182.17 g), yield/plant (6.59 kg) (Ramniwas,et
al,2012).Modern methods of orchard cultivation require more effective ways of irrigationand fertilization. An
advantage of fertigation is the possibility of regulating the doses and frequency of water and nutrient
applications according to plant requirements influenced by plant age, growth cycle and weather conditions.
Anna,(2011) and Waldemar, (2006). Micro-sprinkler is a low volume sprinkler are operated at low pressure,
requires less energy than conventional sprinklers and is less susceptible to clogging than a drip emitter. System
performance was evaluated by estimating flow variability in lateral lines and field emission uniformity. The
discharge pressure relation equation was developed based on actual field observations, Jaspal Singh et al.
(1990).Three irrigation systems (drip, micro-sprinkler and flooding) are investigated and found that yields were
higher in sprinkler irrigated trees and the fruits were smaller in flood irrigation, Rumayor and Bravo (1991).

The greatest yields are obtained under spray-jet trickle irrigation. Yield increases were not linear
with the volume of root-zone irrigated, but ranged from 39% under the drip irrigation treatments which irrigated
5- 10% of the area beneath the tree canopies to 64% for two spray jet per tree, which irrigated as much as 50.7%
of the areas beneath the tree canopies. Smajstrla et al. (1984). Drip, micro-sprinkler and overhead sprinkler
irrigation are studied at two water application rate and found that fruit size and tree canopy area were 9 to 20%
greater in the overhead sprinkler treatments. Zekri and Parsons (1989). The highest yields (190 kg/tree) are
coupled with the largest increase in average fruit size with irrigation at a crop factor of 0.9 on a 3 day cycle.
With this consumption micro-jet irrigation gave better results than drip irrigation, Plessis (1985).

The full ground cover, mid row mini-sprinkler system, and a micro-irrigation system using 100 liter/hr
micro-sprinkler are wetted about 2/3 of the soil area under the canopy in the tree line, in a mature Valencia
orange orchard at Wateron, NSW. The two systems were operated at 14 and 17 day intervals, respectively,
during Nov. -Dec. Under-tree micro-sprinkler increased the yield by 12% and reduced water application by
9.8% compared to the conventional full ground cover system, resulting in increased in water use efficiency by
22%, Grieve (1988). The aim of the present investigation was to study the effect of moisture distribution by
irrigation using mini-sprinkler compared to drip irrigation on mineral fertilizers use efficiency, vegetative
growth, fruit yield and quality of apple trees grown in sandy soil.

Il. Material And Method

This study was carried out during two successive seasons 2016 and 2017 at 10 years old Apple trees
planted at 4x3 meters apart (about 833tree/ha) in sandy soil under drip irrigation system in a private farm
located at Wadi EI Natrown -Beheira Governorate, Egypt (located at about 106 km North-West of Cairo in (N
30° 24 and E 30° 30)). The phytochemical analysis of experimental soil and irrigation water was indicated in
Table 1 and it was carried out according to (Cottenie et al, 1982). Forty eight uniform trees were selected for
this study and all of them were subjected to the same cultural practices in the two seasons. The experiment was
arranged in a split plot design with three replicates and each replicate included two trees.

Irrigation system:

The irrigation system consisted of the following components:

a- Control head:

Control head consisted of centrifugal pump 5 /5 inch (40m lift and 75 m*/h discharge), driven by diesel engine
(50 HP), pressure gauges, control valves, inflow gauges, water source is from an aquifer, main line then lateral
lines and dripper lines. For traditional drip irrigation (control), Gr dripper was used by 4 I/h flow, two dripper in
one meter, and two hoses for one tree row, where the treatments of mini-sprinklers are T, = 30.33 % of the
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total irrigation applied water using one mini-sprinkler around the apple tree, T, = 60.66 % of total irrigation
applied water using two mini-sprinkler around the apple tree and finally T, = 100 % of total irrigation applied
water using three mini-sprinkler around the apple tree using one hose for one tree raw.

Table 1: Some physical and chemical analysis of the experiments soil and irrigation water.

SOI(IC(:E;)th Sar?((j)ll partlcl;:jtlstrlbutlon ((;0|/;)y Soil texture FC% WP% AW% (g?n(rjﬁ)
0-30 82.1 10.3 7.6 Sand 14.0 5.2 8.8 1.40
30-60 86.9 8.3 4.8 Sand 13.3 4.7 8.6 1.52
60-90 89.9 6.1 4.1 Sand 12.1 3.9 8.2 1.56
Soluble cations and anions melcL-1) in soil past extraction
Soil EC- -2 - 2 +2 +2 + +
Depth (cm) dSlm CO; HCO;, Cl SOy Ca Mg Na K SAR
0-30 1.25 0.93 1.98 9.61 6.33 2.24 3.44 0.51 1.66
30-60 1.36 1.33 211 10.16 6.75 2.29 3.91 0.65 1.84
60-90 2.15 1.8 2.58 17.12 12.71 3.67 4.4 0.72 1.54
EC, pH and Soluble cations and anions in water for irrigation (mmol. L?)
EC dSm'* CO;* HCO3 CI S0,? Ca* Mg*? Na* K* SAR
1.1 4.48 2 451 2.98 1.87 5.65 0.5 3.63

Irrigation requirements:

Irrigation water requirements for apple trees were calculated according to the local weather station data at Al-
Beharia Governorate, belonged to the Central Laboratory for Agricultural Climate (C.L.A.C.), Ministry of
Agriculture and Land Reclamation.

Irrigation process was done by calculating crop consumptive use (mm/day) according to Doorenbos and Pruitt
(1977) .

x x A X
R _| KexBtyxAxCp | | o
10’ x Ea
Where:

IR = lrrigation water requirements, m*/ha/day.
Et, = Potential evapo-transpiration, mm day™
Kc = Crop factor of apple,
Ea = Application efficiency, %,where 90% drip irrigation.
A = Areairrigated, (m?%)
LR = Leaching requirements.
Ce = Covering factor, of apple trees 45%.

The crop factor of apple was used to calculate Et., values, according to FAO (1984).
The effect of the previous treatments was studied by evaluating their influence on the following
parameters:-
1- Vegetative parameters: At the end of growing seasons, the selected shoots were counted and measured from
the average of no. of shoot, shoot length cm, shoot diameter cm, leaf area (cm?) according to Ahmad and
Morsy (1999) and total chlorophyll was measured using a chlorophyll meter SPAD 502.
2- Fruit Set% and yield kg/tree: One main branches from all directions of each tree were chosen and labble
dat the beginning of each season, the number of flowers was recorded and those set fruits on the selected
branches were counted for calculating the percentage of fruit set according to Westwood, (1988) equation:
A number of set fruit-lets

Fruit set % = x 100

Number of open flowers
At the harvest time in both seasons, yield/tree (kg) was estimated.
3- Fruit Quality
Twenty fruits were randomly taken at harvest time from each replicate for the determination of both physical
and chemical characteristics.
A Izruit Physical Characteristics: Fruit weight (g), fruit length (cm), fruit diameter (cm), and fruit volume
(cm®).
B. Fruit Chemical Characteristics: Total soluble solids were determined using a hand refracto-meter,
percentage of titra table acidity in fruit juice and ascorbic acid (mg/100 ml juice) was determined according to
A.0.A.C. (2005), total sugars percentage was determined according to Miller, (1959).
4- Leaves and fruit nutrient content:
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Samples of leaves from the middle part of the shoot according to Chuntanaparb (1981) and fruits at harvest
were randomly selected from each replicate to determine their content from N%, P % and K %. Leaf and fruit
samples were washed with tap water, then with distilled water and dried at 70°C to a constant weight, finally,
ground and acid digested using H,SO, and H,0, until a clear solution was obtained according to Wilde et al.
(1985). The digested solution was used for the determination of each of nitrogen (N) using the micro Kjeldhal
method, phosphorus (P) by vanadomolybdo method and potassium (K) was determined by flame photometer
according to the method described by Chapman (1961).

Fertilizer use efficiency (FUE):

Fertilizer use efficiency was determined using the following equation:

FUE = Average vield (kg/fed)/ Amount of applied fertilizer (kg/fed) (kg yield/kg fertilizer) (EI-Gindy et al.,
2009)

- Statistical Analysis: The obtained data were subjected to the proper analysis of variance (ANOVA) according
to Snedecor and Cochran (1989). Least significant difference (LSD) at the 0.05 % level of significance was
used to compare the treatment means.

I11. Results and discussions

This study was set up to investigate the effect of irrigation by using mini-sprinkler on mineral
fertilizers use efficiency, growth, fruit yield and quality of Apple trees in sandy soil. This target was achieved
by using drip irrigation compared to irrigate with one, two or three mini sprinklers. The study also examined the
nutrient content of apple leaves and fruits, especially nitrogen and potassium which is considered one of the
most mobile nutrients in soil, especially sand soil, and hence exposure to the loss by leaching. So four
alternative combinations of both nutrients (Nitrogen and potassium) were used, i.e. 75/100/75, 100/100/75,
75/100/100 and 100/100/100% of N/P/K recommended dose i.e. 650/150/600 g tree™. All the obtained results
are discussed as follows:

1. Soil moisture distribution:

a. Soil moisture distribution under mini-sprinkler irrigation systems:

Experiments plot texture is sand, so the water, soil repellent is so high and need a good management of
irrigation systems. mini-sprinkler has many advantages such as the wet radius of water applied which fix the
sand poor hold capacity of water, in addition to water distribution horizontally encourage the horizontal water
movement according the water drop by pressure during the mini-sprinkler hole, the horizontal uniformity of the
soil water distribution reduces the deep-percolation and seepage, by the same token, the nutrients and other soil
addition losses reduce, on the other side the soil evaporation increases according to the wetted area increment
and water drop. But mini-sprinkler still more suitable for orchards, according to the uniformity of the surface
wetted area and a supporting the elements availability to plant adsorption, according to Hanson et al.2007.
(Fig.1).

b. Soil moisture distribution under drip irrigation systems

Drip irrigation system is the most common micro irrigation systems in Egypt, since 1975 according to many
characterizes, but still have many challenges, especially in sandy soil texture according to the high infiltration
rate of sandy soil, which cause a lot of soil additions losses by seepage. In addition to the limit soil moisture
patterns under the dripper which limited the nutrients availability and root growth as a result of the partial
wetted area of soil section, in the long term it causes salt appearance which causes root damage. So to solve this
problem, it's need many of drippers around the tree. As shown the water distribution is horizontally limited
under the dripper especially in sandy soil, according to Hanson et al. 2007. (Fig.2).

c. Irrigation system requirements:

The results show the highest values of yield is under three sprinklers according to the amount of water and
overlap of three mini-sprinklers which encourage the nutrient availability but under the good irrigation
management and not exceeds. Beside the excellent water distribution all-round the tree, especially in sandy soil,
which does not support the spread horizontally of water, but the pressure makes the water drops away from the
water source center, According to Zekri and Parsons (1989), Plessis (1985) and Grieve (1988).

The roots of sprinkler irrigated tree may be uniformly distributed between the trees because sprinkling wets
most of or the entire soil surface. On the other side under drip irrigation, the soil moisture can vary with
distance and depth of the drip line, generally, where the drip lined are installed near the plant rows, most of the
roots will be near the drip lines, particularly, for row crops. If the drip lines are not near the plant rows,
according to Hanson et al..2007. The basic feature of mini-sprinkler irrigation is the distribution of water
according to the coverage area of sprinkler water diameter as a result of the irrigation operating pressure which
work on emit the water droplet for 0.5 meters, with this technique, the sprinkler irrigation can fix deal with the
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0 10 20 30 40
Fig.1: Soil moisture patterns under mini-sprinkler

0 10 20 30 40
Fig.2: Soil moisture patterns under drip

Sand soil physics, which has a poor water hold capacity caused the narrow wet horizontal profile of
soil moisture contents. By the same token, the deep percolation is higher under drip irrigation than sprinkler
irrigation specially in sandy soil. Fig (3).

The values of apple yield, vegetative growth parameters and fruit quality characterizes under mini-
sprinkler and 75% of recommended doses of nutrients are higher values than drip irrigation systems as a result
of what was previously interpreted. According to the reduction of nutrients losing by leaching in deep-
percolation in drip irrigation, on the other side, deep-percolation is limited under sprinkler and reduce whatever
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the number of sprinkler is increase all-round the tree which, causes the less applied water amount per area, less
water head results less deep-percolation (less losses of nutrients), the less of applied water amounts in three
sprinklers is compensated by the sprinklers number increasing all-round the tree. So generally, sprinkler
irrigation saves about 25% of the recommended requirement of nutrients, by the same token three sprinklers
saved nutrients more than two sprinklers and one sprinkler.

The values of apple yield, vegetative growth parameters and fruit quality characterizes under mini-
sprinkler is higher values than drip irrigation systems as a result of what was previously interpreted. By the
same token under various sprinklers treatments, the last production parameters are the highest under water
amount 100% of applied water under three sprinklers, according to the non- water stress and very high excellent
distribution of water under three mini-sprinklers all-round the tree, which support the water horizontal convey
around the tree stem for 1 meter diameter, which support the root zoon to spreads for more distance and grows
better, then obtains more availability of nutrients elements better than two sprinkler or one sprinklers.

Fig.3: The performance of mini-sprinkler and drip on soil moisture distributions.

Il. Vegetative growth and yield parameters as affected by irrigation and fertilization and their
interaction:

a. Irrigation type effect on vegetative growth and yield parameters:

The results in Table (2) show that a significant differences were found between all irrigation treatments
concerning their effects on vegetative growth and yield parameters such

Table2: Effect of irrigation type (Irrig.) and fertilization (Fert.) on vegetative growth and yield parameters of
apple trees grown in sandy soil during two seasons.

2016 2017
Ir(rllrgr?gt;.c))n Drip - Sprlnl;ler No - Mean Drip - Sprml;ler No . Mean
Fer(t;!ii;'on Shoots No

N1PK1 8.3 10.0 12.7 13.3 11.1 10.7 13.3 11.7 14.7 12.6
N2PK! 9.0 10.0 10.7 15.0 11.2 11.0 13.0 12.7 14.7 12.8
N1PK2 8.7 11.7 13.3 15.3 12.3 10.7 12.7 14.0 17.3 13.7
N2PK2 9.3 12.3 12.7 15.0 12.3 12.3 14.3 16.0 18.3 15.3
Mean 8.8 11.0 12.3 14.7 11.2 133 13.6 16.3

LSD0.05 Irrig= 1.0606 Fert= 1.0606 Irrig*Firt= 2.1211 Irrig= 0.7412 Fert=0.7412 Irrig*Firt=1.4824

Shoot length (cm)

N1PK1 31.76 37.78 42.45 45.80 39.45 33.16 38.35 42.93 45.76 40.05
N2PK! 34.13 37.55 41.81 46.99 40.12 35.24 39.38 42.91 47.14 41.17
N1PK2 35.33 39.51 44.46 47.55 41.72 36.40 39.43 43.53 47.81 41.79
N2PK2 36.77 41.53 44.35 48.60 42.81 36.95 41.51 45.41 48.51 43.10
Mean 34.50 39.09 43.27 47.24 35.44 39.67 43.70 47.31

LSDO0.05 Irrig=_0.854 Fert=0.854 Irrig*Firt= 1.7081 Irrig= 1.0249 Fert=1.0249 Irrig*Firt=2.0499
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Shoot diameter (cm)

N1PK1 0.83 0.96 1.06 1.27 1.03 0.737 1.073 1.120 1.147 1.019
N2PK! 0.85 0.98 1.16 1.29 1.07 0.940 1.123 1.137 1.160 1.090
N1PK2 0.86 0.99 1.17 1.32 1.08 0.967 1.130 1.233 1.160 1.123
N2PK2 0.91 1.02 1.25 1.32 1.13 1.017 1.140 1.260 1.297 1.178
Mean 0.86 0.99 1.16 1.30 0.915 1.117 1.188 1.191

LSD0.05 Irrig= 0.029 Fert= 0.029 Irrig*Firt= 0.058 Irrig= 0.1437 Fert= 0.1437 Irrig*Firt= 0.2874

leaf area (cm?)

N1PK1 24.52 26.22 28.29 31.17 27.55 25.45 27.02 29.64 34.02 29.03
N2PK! 24.89 27.08 29.59 32.25 28.45 25.74 27.17 30.40 35.30 29.65
N1PK2 24.99 28.00 30.62 33.10 29.18 26.34 28.10 32.78 35.42 30.66
N2PK2 25.68 28.56 30.93 33.17 29.59 27.17 28.49 33.33 35.98 31.24
Mean 25.02 27.47 29.86 32.42 26.17 27.70 31.54 35.18

LSDO0.05 Irrig=0.6012 Fert= 0.6012 Irrig*Firt=1.2025 Irrig= 0.6093 Fert=0.6093 Irrig*Firt=1.2185

Total chlorophyll

N1PK1 39.09 39.78 42.56 44.52 41.49 37.73 39.91 42.78 46.31 41.69
N2PK! 39.09 40.43 42.13 45.32 41.74 38.31 40.33 44.03 47.03 42.43
N1PK2 39.65 41.08 43.50 45.73 42.49 37.73 41.72 45.82 47.65 43.23
N2PK2 40.00 41.74 43.90 46.30 42.99 37.89 42.34 45.97 48.09 43.57
Mean 39.46 40.76 43.02 45.47 37.91 41.08 44.65 47.27

LSD0.05 Irrig= 0.6477 Fert= 0.6477 Irrig*Firt=1.2953 Irrig= 0.8314 Fert=0.8314 Irrig*Firt=1.6628

Fruit set%

N1PK1 16.12 20.78 28.46 33.25 24.65 16.60 22.47 29.07 34.31 25.61
N2PK! 16.22 21.82 31.40 34.65 26.02 16.68 23.33 30.32 34.47 26.20
N1PK2 16.10 24.52 31.72 34.62 26.74 16.96 25.88 31.84 34.41 27.27
N2PK2 16.56 27.21 33.77 35.42 28.24 18.45 27.99 33.78 35.68 28.97
Mean 16.25 23.58 31.34 34.49 17.17 24.92 31.25 34.72

LSDO0.05 Irrig=1.0963 Fert= 1.0963 Irrig*Firt= 2.1926 Irrig= 1.3835 Fert=1.3835 Irrig*Firt= 2.7669

Yield (MT/ha)

N1PK1 20.55 22.11 30.82 34.04 26.88 21.28 21.99 26.91 36.16 26.59
N2PK! 2211 27.36 32.99 33.92 29.09 20.83 22.07 29.11 37.03 27.26
N1PK2 22.63 30.00 33.04 36.47 30.54 21.05 23.35 30.55 37.13 28.02
N2PK2 24.26 31.57 34.10 36.74 31.67 2131 24.37 34.83 37.75 29.57
Mean 22.39 27.76 32.74 35.29 21.12 22.94 30.35 37.02

LSDO0.05 Irrig= 2.2212 Fert=2.2212 Irrig*Firt= 4.4425 Irrig= 0.947 Fert=0.947 Irrig*Firt= 1.8939

N1PK1= 75/100/75% of recommended Dose (RD) i.e. 488/150/450gtree™ , N2PK1= 100/100/75%RD i.e.
650/150/450gtree ' N1PK2= 75/100/100Rd i.e. 488/150/600 gtree™ N2PK2= 100/100/100 i.e. 650/150/600

gtree™

As shoot No., shoot length (cm), shoot diameter (cm), total leaf area, total chlorophyll, fruit set% and fruit yield
(MT/ha). Generally, irrigation with mini sprinkler improved all the studied vegetative growth and yield
parameters compared to drip irrigation and using three mini sprinklers surpassed all the other used irrigation
systems (Table2). A similar trend was observed in the second season.
The average increases percentage induced by irrigation with three sprinklers which showed the highest values
compared to drip irrigation, which showed the lowest values in both studied seasons (Fig, 4). These increase
percentages were as follows: 55.8, 35.2, 40.4, 32.0, 20.0, 107.2 and 66.5% for shoot No., shoot length (cm),

shoot diameter (cm), total leaf area (cm?), total chlorophyll, fruit set% and yield (MT/ha), respectively.

Average increase percntage

107.2

Yield (MT)/ha

Shoots No

Shoot length

(em)

Shoot diameter

(mm)

Total leaf area

(cm2)

Vegetative growth parameters

Fig, 4: Average increases percentage induced by using three sprinklers which showed the highest values
compared to drip irrigation, which showed the lowest values in both studied seasons.

Total chlorophyll

Fruit set%

Yield growth parameters
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b. Fertilization effect on vegetative growth and yield parameters:

Data presented in the Table2 show that a significant difference was found between all the alternative
combinations of mineral fertilization regarding their effects on vegetative growth and yield parameters such as
shoot No., shoot length (cm), shoot diameter (cm), leaf area, total chlorophyll, fruit set% and fruit yield
(MT/ha). Generally, the highest values of all the studied vegetative growth and yield parameters were obtained
at 100/100/100% of N/P/K recommended dose (RD) i.e. 650/150/600 g tree™ whereas the lowest values were
obtained at 75/100/75%RD (Table2). The second season showed a similar trend.

Average increases percentage induced by applying 100/100/100% of N/P/K recommended dose (RD) which
gave the highest values of vegetative growth and yield parameters compared to 75/100/75%RD which gave the
lowest values of vegetative growth and yield parameters in both studied season are illustrated in Fig,5. Where
these increase percentages were as follows: 16.7,8.1,12.5, 7.5, 4.1, 13.8 and 14.5% for shoot No., shoot length
(cm), shoot diameter (cm), total leaf area (cm?), total chlorophyll, fruit set% and yield (MT/ha), respectively.

Average increase percntage

Shoots No Shoot length Shoot diameter  Total leaf area  Total chlorophyll Fruit set% Yield (MT)/ha
(em) (mm) (cm2)
Vegetative growth parameters Yield growth parameters

Fig, 5: Average increase percentage in vegetative and yield parameters induced by applying 100/100/100% of
N/P/K recommended dose (RD) which gave the highest values compared to 75/100/75%RD which gave the
lowest values in both studied seasons.

c. Interaction effect of irrigation and fertilization on vegetative growth and yield parameters:

Results in Table2 indicate that a significant differences were found between all the interaction
treatments of irrigation and mineral fertilization regarding their effects on vegetative growth and yield
parameters such as shoot No., shoot length (cm), shoot diameter (cm), total leaf area, total chlorophyll, fruit
set% and fruit yield (MT/ha). Generally, the highest values all the studied vegetative growth and yield
parameters were obtained in the treatment of 3 sprinkler+100/100/100% of N/P/K recommended dose (RD) i.e.
650/150/600 gtree™ whereas the lowest values were at the treatment of drip irrigation+75/100/75%RD which
gave (Table2). The same trend was noticed in the second season. These results are in agreement with those
obtained by Shirgure (2012) who recorded that micro-irrigation and fertigation had been good responses on
growth, yield and fruit quality in citrus. Walid et al. (2015) found that chemical fertilization of 'Anna’ apple
trees was improved significantly yield, fruit set, shoot diameter, shoot length, leaf area and decreased the
percentages of fruit drop.The above results are in line with those of (Singh et al. 2006; Waldemar, 2006;;
Anna, 2011; Sharma et al. 2011; Ramniwas, et al., 2012; Zhang, et al. 2013 on Apple tree and Berkant et al.,
2014)

Average increases percentage induced the interaction treatment 3sprinkler+100/100/100% of N/P/K
recommended dose (RD) which gave the highest values compared to the interaction treatment drip
irrigation+75/100/75% RD which gave the lowest values in both studied season are illustrated in Fig.6, Where
these increase percentages were as follows: 73.3, 49.7,68.0, 38.3, 23.0, 117.3 and 78.1% for shoot No., shoot
length (cm), shoot diameter (cm), total leaf area (cm?), total chlorophyll, fruit set% and yield (MT/ha),
respectively.
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Average increase percntage

117.3
73.3 68.0
H

Shoots No Shoot length Shoot diameter  Total leaf area  Total chlorophyll Fruit set% Yield (MT)/ha
(em) (mm) (cm2)
Vegetative growth parameters Yield growth parameters

Fig, 6: Average increase percentage in vegetative and yield parameters induced by the interaction between
using three sprinklers with applying 100/100/100% of N/P/K recommended dose (RD) which gave the highest
values compared to using drip irrigation withapplying75/100/75%RD which gave the lowest values in both
studied seasons.

From the above mentioned results it can be concluded that the effect of irrigation and fertilization and their
interaction on different studied vegetative growth and yield parameters can be sorted in descending order as
follows:

Interaction effect > Irrigation effect > fertilization effect.

On the other hand the response of different studied vegetative growth and yield parameters can be sorted in
descending order as follows:

Fruit set% > Yield (MT/ha) > Shoot No. > Shoot diameter (cm) > Shoot length (cm) > Leaf area > Total
chlorophyll

I11. Apple fruit quality, i.e. fruit physical and chemical properties as affected by irrigation and
fertilization and their interaction:

a. Irrigation type effect on fruit physical and chemical properties:

The results in Tables3 & 4 show that a significant differences were found between all irrigation treatments
concerning their effects on fruit physical and chemical properties such as fruit length (cm), fruit width (cm),
fruit weight (g), fruit volume (cm®), TSS%, total sugar%, acidity% and ascorbic acid (mg/100 ml juice).
Generally, irrigation with mini sprinkler improved all the studied fruit physical and chemical properties
compared to drip irrigation and using three mini sprinklers surpassed all the other used irrigation systems
(Tables3 & 4). A similar trend was observed in the second season.

Table3: Effect of irrigation type (Irrig.) and fertilization (Fert.) on fruit physical properties of apple grown in
sandy soil during two seasons.

2016 2017
Ir(rllrgrai\;;)n Drip Sprllnkler No - - Mean Drip Sprllnkler No ’ - Mean
Fer(tli!ii?on Fruit length (cm)
N1PK1 7.43 7.72 7.96 7.93 7.76 7.06 7.49 7.87 7.97 7.60
N2PKI! 7.71 7.77 7.96 8.02 7.87 7.26 7.58 7.88 7.93 7.66
N1PK2 7.76 8.00 7.95 8.29 8.00 7.30 7.79 7.90 8.26 7.81
N2PK2 7.88 8.09 8.15 8.39 8.13 7.50 8.32 8.42 8.65 8.22
Mean 7.69 7.90 8.01 8.16 7.28 7.79 8.02 8.20
LSD0.05 Irrig= 0.1287 Fert= 0.1287 Irrig*Firt= 0.2574 Irrig= 0.1436 Fert= 0.1436 Irrig*Firt= 0.2873
Fruit width (cm)
N1PK1 7.09 7.24 7.55 7.62 7.38 7.15 7.34 7.51 7.71 743
N2PKI! 7.18 7.27 7.56 7.63 741 7.22 7.44 7.58 7.64 747
N1PK2 7.21 7.31 7.52 7.69 7.43 7.36 7.37 7.48 7.72 7.48
N2PK2 744 747 7.60 7.70 7.55 7.56 7.58 7.71 7.75 7.65
Mean 7.23 7.32 7.56 7.66 7.32 7.43 7.57 7.70
LSD0.05 Irrig= 0.0956 Fert=0.0956 Irrig*Firt= 0.1912 Irrig= 0.1235 Fert=0.1235 Irrig*Firt= 0.247
Fruit weight (g)
N1PK1 164.5 167.5 174.2 181.2 171.9 164.9 167.8 172.1 190.4 173.8
N2PK! 167.4 177.0 182.9 187.8 178.8 165.8 168.3 179.8 193.3 176.8
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N1PK2 168.4 177.9 185.4 193.1 181.2 167.0 1724 1804 1915 177.8
N2PK2 168.9 183.9 188.4 192.3 183.4 168.1 172.0 1904 193.7 181.0
Mean 167.3 176.6 182.7 188.6 166.5 170.1 180.7 192.2

LSDO0.05 Irrig= 2.4063 Fert= 2.4063 Irrig*Firt= 4.8125 Irrig=2.9085 Fert=2.9085 Irrig*Firt= 5.817

Fruit volume (cm3)

N1PK1 139.1 143.4 156.2 164.0 150.7 138.1 1441 154.0 164.9 150.3
N2PK! 138.8 145.6 156.3 162.8 150.9 138.1 148.1 157.5 160.6 151.1
N1PK2 139.5 151.6 159.8 165.7 154.2 138.9 152.0 160.1 166.3 154.3
N2PK2 144.1 152.4 160.4 166.8 155.9 142.2 152.0 163.7 166.8 156.2
Mean 1404 148.3 158.2 164.8 139.3 149.0 158.8 164.6

LSD0.05 Irrig= 3.2823 Fert=3.2823 Irrig*Firt= 6.5646 Irrig= 2.7286 Fert=2.7286 Irrig*Firt= 5.4572

N1PK1= 75/100/75% of recommended Dose (RD) i.e. 488/150/450gtree™ , N2PK1= 100/100/75%RD i.e.
650/150/450gtree™ N1PK2= 75/100/100Rd i.e. 488/150/600 gtree™ N2PK2= 100/100/100 i.e. 650/150/600

gtree™

Table4: Effect of irrigation type (Irrig.) and fertilization (Fert.) on fruit chemical properties of apple grown in
sandy soil during two seasons.

2016 2017
Ir(l;lrgrail;l.()m Drip - Sprlngler N - Mean Drip - Sprlnl;ler No - Mean
Fertilization

(Fert) TSS%
N1PK1 12.77 13.71 13.79 14.18 13.61 12.77 12.54 13.71 13.88 13.23
N2PK1 12.74 13.71 13.81 14.45 13.68 12.39 12.82 13.72 13.88 13.20
N1PK2 12.86 13.82 13.97 14.54 13.80 12.45 12.89 13.79 13.91 13.26
N2PK2 13.16 13.89 14.12 14.77 13.99 12.48 13.55 13.79 13.95 13.44
Mean 12.89 13.78 13.92 14.49 12.52 12.95 13.75 13.91

LSD0.05 Irrig= 0.1602 Fert= 0.1602 Irrig*Firt=0.3204 Irrig= 0.1276 Fert=0.1276 Irrig*Firt= 0.2552

Total Sugar%

N1PK1 10.03 10.19 10.50 10.73 10.36 10.13 10.46 10.77 11.24 10.65
N2PK1 10.03 10.46 10.51 10.85 10.47 10.34 10.64 10.81 11.28 10.77
N1PK2 10.10 10.45 10.51 11.10 10.54 10.30 10.71 10.67 11.38 10.77
N2PK2 10.19 10.42 10.72 11.24 10.64 10.27 10.71 10.97 1141 10.84
Mean 10.09 10.38 10.56 10.98 10.26 10.63 10.80 11.33

LSD0.05 Irrig=0.113Fert=0.113 Irrig*Firt=0.226 Irrig= 0.133 Fert= 0.133 Irrig*Firt= 0.265

Acidity%

N1PK1 0.647 0.630 0.650 0.563 0.623 0.647 0.633 0.567 0.547 0.598
N2PK1 0.627 0.563 0.600 0.573 0.591 0.657 0.627 0.557 0.520 0.590
N1PK2 0.623 0.617 0.577 0.573 0.598 0.653 0.617 0.557 0.517 0.586
N2PK2 0.637 0.643 0.573 0.577 0.608 0.660 0.597 0.553 0.520 0.583
Mean 0.633 0.613 0.600 0.572 0.654 0.618 0.558 0.526

LSD0.05 Irrig= 0.028 Fert= 0.028 Irrig*Firt= 0.055 Irrig= 0.016 Fert=0.016 Irrig*Firt= 0.031

Ascorbic acid (mg/100 ml juice)

N1PK1 37.36 39.90 42.70 46.69 41.66 36.83 38.59 41.62 46.48 40.88
N2PK1 37.92 41.07 44.21 48.09 42.82 36.63 39.32 43.63 47.85 41.86
N1PK2 38.04 42.09 45.04 48.41 43.40 37.65 40.05 43.87 48.43 42.50
N2PK2 38.71 41.96 46.52 48.52 43.93 38.18 41.05 45.49 48.84 43.39
Mean 38.00 41.26 44.62 47.93 37.32 39.75 43.65 47.90

LSDO0.05 Irrig= 0.831 Fert=0.831 Irrig*Firt= 1.662 Irrig= 0.595 Fert= 0.595 Irrig*Firt=1.190

N1PK1= 75/100/75% of recommended Dose (RD) i.e. 488/150/450gtree™ , N2PK1= 100/100/75%RD i.e.
650/150/450gtree™ N1PK2= 75/100/100Rd i.e. 488/150/600 gtree™ N2PK2= 100/100/100 i.e. 650/150/600

gtree™

Average increases percentage induced by irrigation with three sprinklers which showed the highest
values compared to drip irrigation, which showed the lowest values in both studied season are illustrated in
Fig,7. Where these increase percentages were as follows: 9.4,5.6, 14.1, 17.8, 11.7, 9.6, -14.7 and 27.2% of fruit
length (cm), fruit width (cm), fruit weight (g), fruit volume (cm?®), TSS%, total sugar%, acidity% (negative
increase) and ascorbic acid (mg/100 ml juice), respectively.
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Fruit length Fruit width Fruit weight  Fruit volume Total sugar Ascorbic

Average increase percntage

Fruit physical properties Fruit chemical

Fig, 7: Average increases percentage of physical and chemical properties induced by using three sprinklers
which showed the highest values compared to drip irrigation which showed the lowest values in both studied
seasons.

b. Fertilization effect on fruit physical and chemical properties:

Data presented in Tables3 & 4 show that a significant difference was found between all the alternative
combinations of mineral fertilization regarding their effects on fruit length (cm), fruit width (cm), fruit weight
(g), fruit volume (cm?), TSS%, total sugar%, acidity% and ascorbic acid (mg/100 ml juice). Generally, the
highest values of all the studied fruit physical and chemical properties were obtained at 100/100/100% of N/P/K
recommended dose (RD) i.e. 650/150/600 g tree™ whereas the lowest values were obtained at 75/100/75%RD
(Tables3 & 4). The second season showed a similar trend.

Average increases percentage induced by applying 100/100/100% of N/P/K recommended dose (RD)
which gave the highest values compared to 75/100/75%RD which gave the lowest values in both studied season
are illustrated in Fig,8. Where these increase percentages were as follows: 8.4,2.7,5.4, 3.7, 2.3, 2.2, -2.5 and
5.8% of fruit length (cm), fruit width (cm), fruit weight (g), fruit volume (cm?), TSS%, total sugar%, acidity%
(negative increase) and ascorbic acid (mg/100 ml juice), respectively.

Fruit length Fruit width Fruit weight  Fruit volume Total sugar Ascorbic

Average increase percntage

Fruit physical properties Fruit chemical

Fig, 8: Average increase percentage of physical and chemical properties induced by applying 100/100/100% of
N/P/K recommended dose (RD) which gave the highest values compared to 75/100/75%RD which gave the
lowest values in both studied seasons.

c. Interaction effect of irrigation and fertilization on fruit physical and chemical properties:

Results in Tables3 & 4 indicate that a significant differences were found between all the interaction
treatments of irrigation and mineral fertilization regarding their effects on fruit physical and chemical properties
such as fruit length (cm), fruit width (cm), fruit weight (g), fruit volume (cm®), TSS%, total sugar%, acidity%
and ascorbic acid (mg/100 ml juice). Generally, the highest values of all the studied fruit physical and chemical
properties were obtained in the treatment of 3 sprinkler+100/100/100% of N/P/K recommended dose (RD) i.e.
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650/150/600 gtree™ whereas the lowest values were at the treatment of drip irrigation+75/100/75%RD which
gave (Tables3 & 4). The same trend was noticed in the second season.These results are in agreement with those
obtained by Walid et al. (2015) who found that chemical fertilization of 'Anna’ apple trees was had the highest
positive effect to improve the percentages by reducing sugar and total soluble solids as compared to the control.
The above results are in line with those of (Neilsen, 2004 on Apple tree, Esmaeil, 2010 on Apples, Ramniwas,
et al., 2012; on Apple tree; Shirgure, 2012 on Citrus; Zhang, et al. 2013 on Apple tree and Berkant, et al.,
2014 on Apples)

Average increases percentage induced the interaction treatment 3sprinkler+100/100/100% of N/P/K
recommended dose (RD) which gave the highest values compared to the interaction treatment drip
irrigation+75/100/75%RD which gave the lowest values in both studied season are illustrated in Fig.9. Where
these increase percentages were as follows: 17.7, 8.5, 16.8, 20.3, 12.4, 12.3, -15.2 and 31.2% of fruit length
(cm), fruit width (cm), fruit weight (g), fruit volume (cm®), TSS%, total sugar%, acidity% (negative increase)
and ascorbic acid (mg/100 ml juice), respectively.

Fruit length Fruit width Fruit weight Fruit volume Total sugar Ascorbic

Average increase percntage

Fruit physical properties Fruit chemical

Fig.9: Average increase percentage of physical and chemical properties induced by the interaction between
using three sprinklers with applying 100/100/100% of N/P/K recommended dose (RD) which gave the highest
values compared to using drip irrigation with applying75/100/75%RD which gave the lowest values in both
studied seasons.

From the aforementioned results it can be concluded that the effect of irrigation and fertilization and their
interaction on different studied physical and chemical properties can be sorted in descending order as follows:
Interaction effect > Irrigation effect > fertilization effect.

On the other hand the response of different studied fruit physical and chemical properties can be sorted in
descending order as follows:

Ascorbic acid (mg/100 ml juice)> fruit volume (cm®) > fruit length (cm) > fruit weight (g) > acidity% (negative
increase) > TSS% >total sugar%> fruit width (cm)

IV. Apple leaves and fruit nutrients content as affected by irrigation and fertilization and their
interaction:

a. Irrigation type effect on apple leaves and fruit nutrient content:

The results in Tables5, 6 & 7 show that a significant differences were found between all irrigation treatments
concerning their effects on nutrient content such as N%, P%, K%, N uptake, P uptake and K uptake in both
leaves and fruits. Generally, irrigation with mini sprinkler improved all the studied nutrient content, either in
the leaves or in fruits compared to drip irrigation and using three mini sprinklers surpassed all the other used
irrigation systems (Table5). A similar trend was observed in the second season.

Table5: Effect of irrigation type (Irrig.) and fertilization (Fert.) on the nitrogen content of leaves and fruits,
chemical properties of apple grown in sandy soil during two seasons.

2016 2017
Irrigation . Sprinkler No . Sprinkler No
(Irrig.) Drip 1 > 3 Mean Drip 1 > 3 Mean
Fertilization
(Fert.) N% in leaves
N1PK1 1.423 1.720 1.817 1.980 1.735 1.547 1.710 1.777 1.860 1.723
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N2PK1 1.453 1.800 1.860 1.960 1.768 1.640 1.717 1.817 1.870 1.761
N1PK2 1.777 1.867 1.940 2.097 1.920 1.663 1.757 1.820 1.877 1.779
N2PK2 1.813 1.887 1.943 2.187 1.958 1.680 1.780 1.843 1.893 1.799
Mean 1.617 1.818 1.890 2.056 1.633 1.741 1.814 1.875
LSD0.05 Irrig= 0.1148 Fert=0.1148 Irrig*Firt= 0.2297 Irrig= 0.018 Fert=0.018 Irrig*Firt= 0.0359
N%in fruits
N1PK1 1.46 1.57 1.69 1.78 1.63 143 1.55 1.68 1.75 1.60
N2PK1 1.48 1.61 171 1.79 1.65 1.45 1.55 1.69 1.74 1.61
N1PK2 1.48 1.64 1.74 1.80 1.67 1.49 1.56 1.73 1.78 1.64
N2PK2 154 1.68 1.74 1.81 1.69 1.52 1.65 1.73 1.79 1.67
Mean 1.49 1.63 1.72 1.80 1.47 1.58 1.71 1.77
LSD0.05 Irrig= 0.019 Fert= 0.019 Irrig*Firt= 0.037 Irrig= 0.040 Fert= 0.040 Irrig*Firt= 0.080
N uptake (mg/leaf)
N1PK1 3.493 4.491 5.134 6.172 4.822 3.94 4.62 5.27 6.33 5.04
N2PK1 3.630 4.867 5.504 6.318 5.080 4.22 4.66 5.52 6.60 5.25
N1PK2 4.445 5.237 5.941 6.931 5.639 4.38 4.94 5.96 6.65 5.48
N2PK2 4.639 5.385 6.012 7.257 5.823 4.56 5.07 6.14 6.81 5.65
Mean 4.052 4.995 5.648 6.669 4.28 4.82 5.72 6.60
LSD0.05 Irrig= 0.316 Fert= 0.316 Irrig*Firt= 0.632 Irrig= 0.105 Fert=0.105 Irrig*Firt=0.211
N uptake (mg/fruit)
N1PK1 430.3 441.1 460.5 452.1 446.0 431.6 471.1 470.9 585.6 489.8
N2PK1 430.4 462.0 518.5 487.1 474.5 440.1 469.1 491.0 600.0 500.0
N1PK2 417.0 469.0 533.5 505.8 481.3 445.9 497.2 533.5 620.2 524.2
N2PK2 411.2 654.4 568.6 546.0 545.0 459.3 518.7 607.9 612.8 549.7
Mean 422.2 506.6 520.3 497.7 444.2 489.0 525.8 604.7
LSD0.05 Irrig= 19.32 Fert= 19.32 Irrig*Firt= 38.65 Irrig= 28.93 Fert= 28.93 Irrig*Firt=57.86

N1PK1= 75/100/75% of recommended Dose (RD) i.e. 488/150/450gtree™ , N2PK1= 100/100/75%RD i.e.
650/150/450gtree™ N1PK2= 75/100/100Rd i.e. 488/150/600 gtree™ N2PK2= 100/100/100 i.e. 650/150/600

gtree™

Table6: Effect of irrigation type (Irrig.) and fertilization (Fert.) on the phosphorus content of leaves and fruits,
chemical properties of apple grown in sandy soil during two seasons.

2016 2017
|r(lil:]réi1;I.C)m Drip - Sprml;ler No - Mean Drip - Sprml;ler No - Mean
Fertilization

(Fert.) P% in leaves
N1PK1 0.209 0.211 0.253 0.316 0.247 0.210 0.249 0.260 0.278 0.249
N2PK1 0.211 0.215 0.283 0.305 0.253 0.218 0.247 0.264 0.282 0.253
N1PK2 0.209 0.220 0.287 0.325 0.260 0.225 0.262 0.270 0.298 0.264
N2PK2 0.215 0.242 0.288 0.327 0.268 0.235 0.264 0.273 0.304 0.269
Mean 0.211 0.222 0.278 0.318 0.222 0.256 0.267 0.290

LSDO0.05 Irrig= 0.0197 Fert= 0.0197Irrig*Firt= 0.0394 Irrig=0.0104 Fert=0.0104 Irrig*Firt= 0.0208

P% in fruits

N1PK1 0.192 0.203 0.217 0.227 0.210 0.187 0.209 0.198 0.231 0.206
N2PK1 0.202 0.208 0.220 0.227 0.214 0.189 0.218 0.227 0.236 0.218
N1PK2 0.199 0.214 0.220 0.230 0.216 0.201 0.217 0.220 0.230 0.217
N2PK2 0.200 0.217 0.225 0.233 0.219 0.210 0.218 0.222 0.237 0.222
Mean 0.198 0.211 0.221 0.229 0.197 0.216 0.217 0.234

LSDO0.05 Irrig= 0.0044 Fert= 0.0044 Irrig*Firt= 0.0087 Irrig= 0.0088 Fert= 0.0088 Irrig*Firt= 0.0177

P uptake (mg/leaf)

N1PK1 0.513 0.553 0.715 0.984 0.691 0.534 0.673 0.772 0.946 0.731
N2PK1 0.524 0.582 0.837 0.984 0.732 0.562 0.671 0.801 0.995 0.757
N1PK2 0.523 0.617 0.876 1.077 0.773 0.594 0.737 0.885 1.054 0.818
N2PK2 0.553 0.690 0.892 1.086 0.805 0.637 0.751 0.909 1.093 0.847
Mean 0.528 0.610 0.830 1.033 0.582 0.708 0.842 1.022

LSDO0.05 Irrig= 0.0662 Fert= 0.0662lrrig*Firt= 0.1323 Irrig= 0.035 Fert=0.035 Irrig*Firt= 0.0701

P uptake (mg/fruit)

N1PK1 57.80 54.72 58.39 79.78 62.67 57.97 71.99 76.28 90.21 74.11
N2PK1 56.59 61.47 50.81 74.98 60.96 64.26 74.75 82.27 89.90 77.79
N1PK2 60.85 50.95 79.52 76.60 66.98 69.18 75.20 82.64 91.35 79.59
N2PK2 67.22 44.26 67.64 66.19 61.33 69.44 74.36 87.25 90.05 80.28
Mean 60.62 52.85 64.09 74.39 65.21 74.08 82.11 90.38

LSD0.05 Irrig= 3.6838 Fert= 3.6838 Irrig*Firt= 7.3675 Irrig= 3.0875 Fert= 3.0875 Irrig*Firt=6.1751

N1PK1= 75/100/75% of recommended Dose (RD) i.e. 488/150/450gtree™ , N2PK1= 100/100/75%RD i.e.
650/150/450gtree™ N1PK2= 75/100/100Rd i.e. 488/150/600 gtree™ N2PK2= 100/100/100 i.e. 650/150/600

gtree™
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Table7: Effect of irrigation type (Irrig.) and fertilization (Fert.) on the potassium content of leaves and fruits,
chemical properties of apple grown in sandy soil during two seasons.

2016 2017
Ir(rllrgrailgt;.c))n Drip - Sprmkzler No - Mean Drip - Sprlnkzler No . Mean
Fer(t;l(;ii;lon K% in leaves
N1PK1 0.88 1.07 1.15 1.19 1.07 0.88 0.98 1.12 1.13 1.03
N2PK1 0.89 1.13 1.17 1.20 1.10 0.91 1.00 1.13 1.14 1.04
N1PK?2 1.03 1.12 1.18 1.20 1.14 0.92 1.06 1.13 1.15 1.06
N2PK2 1.04 1.15 1.19 1.21 1.15 0.95 1.11 1.13 1.16 1.09
Mean 0.96 1.12 1.17 1.20 0.92 1.04 1.13 1.15
LSD0.05 Irrig= 0.0227 Fert= 0.0227 Irrig*Firt= 0.0454 Irrig= 0.0158 Fert=0.0158 Irrig*Firt= 0.0316
K5 in fruits
N1PK1 1.49 1.58 1.69 1.74 1.63 1.46 1.55 1.60 1.64 1.56
N2PK1 1.51 1.64 1.70 1.76 1.65 1.49 1.55 1.59 1.64 1.57
N1PK2 1.52 1.66 1.72 1.76 1.66 1.55 1.56 1.61 1.65 1.59
N2PK?2 1.58 1.64 1.74 1.76 1.68 1.52 1.58 1.62 1.67 1.60
Mean 1.53 1.63 1.71 1.75 1.51 1.56 1.61 1.65
LSDO0.05 Irrig= 0.0187 Fert= 0.0187 Irrig*Firt= 0.0373 Irrig= 0.0273 Fert=0.0273 Irrig*Firt= 0.0546
K uptake (mg/leaf)
N1PK1 2.149 2.804 3.244 3.709 2.977 2.25 2.64 3.31 3.86 3.01
N2PK1 2.206 3.060 3.472 3.881 3.155 2.34 2.71 3.43 4.04 3.13
N1PK2 2.586 3.149 3.613 3.983 3.333 2.42 2.98 3.70 4.06 3.29
N2PK?2 2.677 3.278 3.671 4.026 3.413 2.57 3.16 3.78 4.17 3.42
Mean 2.405 3.073 3.500 3.900 2.40 2.87 3.55 4.03
LSDO0.05 Irrig= 0.1024 Fert= 0.1024 Irrig*Firt= 0.2049 Irrig= 0.0709 Fert=0.0709 Irrig*Firt=0.1418
K uptake (mg/fruit)
N1PK1 343.2 408.4 456.5 580.4 447.1 343.6 451.2 514.0 565.6 468.6
N2PK1 480.3 463.1 393.7 555.9 473.2 411.0 460.8 506.8 588.4 491.7
N1PK?2 502.0 605.0 704.2 630.3 610.4 424.5 476.5 523.4 604.8 507.3
N2PK?2 475.9 546.0 792.2 434.7 562.2 440.8 496.4 557.4 622.9 529.4
Mean 450.4 505.6 586.6 550.3 405.0 471.2 525.4 595.4
LSDO0.05 Irrig= 24.289 Fert=24.289 Irrig*Firt= 48.578 Irrig= 28.197 Fert= 28.197 Irrig*Firt= 56.394

N1PK1= 75/100/75% of recommended Dose (RD) i.e. 488/150/450gtree™ , N2PK1= 100/100/75%RD i.e.
650/1?0/4509tree'l N1PK2= 75/100/100Rd i.e. 488/150/600 gtree™ N2PK2= 100/100/100 i.e. 650/150/600
gtree’

Average increases percentage induced by irrigation with three sprinklers which showed the highest
values compared to drip irrigation, which showed the lowest values in both studied season are illustrated in
Fig.10. Where these increase percentages were as follows: 21.0, 40.8, 25.3, 59.4, 83.6, 65.2% of N%, P%, K%,
N uptake, P uptake and K uptake in leaves, respectively, and 20.4, 17.1, 12.3, 27.0, 30.7 and 34.6% of N%, P%,
K%, N uptake, P uptake and K uptake in fruits, respectively.

40.8
30.7
27.0
H N

N% leaf P%leaf K% leaf Nuptake Puptake Kuptake N% fruit P% fruit K% fruit Nuptake P uptake K uptake
leaf leaf leaf fruit fruit fruit

average increase percntage

leaf nutrient concentrations (%)  Leaf nutrients uptake (mg/leaf) ~ Fruit nutrient concentrations (%) Fruit nutrients uptake (mg/leaf)

Fig, 10: Average increases percentage in apple leaves and fruit nutrient content induced by using three
sprinklers which showed the highest values compared to drip irrigation which showed the lowest values in both
studied seasons.
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b. Fertilization effect on apple leaves and fruit nutrient content:

Data presented in Tables5, 6 & 7 show that a significant differences were found between all the alternative
combinations of mineral fertilization regarding their effects on nutrient content such as N%, P%, K%, N uptake,
P uptake and K uptake in both leaves and fruits. Generally, the highest values of all the studied nutrient content,
either in the leaves or fruits were obtained at 100/100/100% of N/P/K recommended dose (RD) i.e. 650/150/600
gtree™ whereas the lowest values were obtained at 75/100/75%RD (Tables5, 6 & 7). The second season showed
a similar trend..

Average increases percentage induced by applying 100/100/100% of N/P/K recommended dose (RD) which
gave the highest values compared to 75/100/75%RD which gave the lowest values in both studied season are
illustrated in Fig,11. Where these increase percentages were as follows: 8.6, 4.2, 16.4, 17.2, 8.2, 6.0% of N%,
P%, K%, N uptake, P uptake and K uptake in leaves, respectively, and 16.2, 7.1, 6.5, 2.8, 14.1 and 22.4% of
N%, P%, K%, N uptake, P uptake and K uptake in fruits, respectively.

17.2
i i i I H )

N% leaf  P% leaf K% leaf N uptake Puptake Kuptake N% fruit P9% fruit K% fruit Nuptake P uptake K uptake
leaf leaf leaf fruit fruit fruit

average increase percntage

leaf nutrient concentrations (%) Leaf nutrients uptake (mg/leaf)  Fruit nutrient concentrations (%) Fruit nutrients uptake (mg/leaf)

Fig, 11: Average increase percentage in apple leaves and fruit nutrient content induced by applying
100/100/100% of N/P/K recommended dose (RD) which gave the highest values compared to 75/100/75%RD
which gave the lowest values in both studied seasons.

c. Interaction effect of irrigation and fertilization on apple leaves and fruit nutrient content:

Results in Tables5, 6 & 7 indicate that a significant differences were found between all the interaction
treatments of irrigation and mineral fertilization regarding their effects on nutrient content such as N%, P%,
K%, N uptake, P uptake and K uptake in both leaves and fruits. Generally, the highest values of all the studied
nutrient content, either in the leaves or fruits were obtained in the treatment of 3 sprinkler+100/100/100% of
N/P/K recommended dose (RD) i.e. 650/150/600 gtree whereas the lowest values were at the treatment of drip
irrigation+75/100/75%RD which gave (Table5, 6 & 7). The same trend was noticed in the second season.These
results are in agreement with those obtained by Walid et al, (2015) who found that chemical fertilization of
'Anna’ apple trees was had the highest positive effect on increasing Ca, P, K, N, B, Zn, Mn and Fe in the leaves
in the two studied seasons, as compared to the control. The same results were found by Neilsen, (2004) on
Apple tree and Shirgure, 2012 on Citrus.

Average increases percentage induced the interaction treatment 3sprinkler+100/100/100% of N/P/K
recommended dose (RD) which gave the highest values compared to the interaction treatment drip
irrigation+75/100/75% RD which gave the lowest values in both studied season are illustrated in Fig, 12. Where
these increase percentages were as follows: 17.7, 8.5, 16.8, 20.3, 12.4, 12.3, -15.2 and 31.2% of fruit length
(cm), fruit width (cm), fruit weight (g), fruit volume (cm?®), TSS%, total sugar%, acidity% (negative increase)
and ascorbic acid (ppm), respectively.
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average increase percntage

108.2

N% leaf  P% leaf K% leaf N uptake Puptake Kuptake N% fruit P% fruit K% fruit Nuptake P uptake K uptake
leaf leaf leaf fruit fruit fruit

leaf nutrient concentrations (%)  Leaf nutrients uptake (mg/leaf)  Fruit nutrient concentrations (%)  Fruit nutrients uptake (mg/leaf)

Fig.12: Average increase percentage in apple leaves and fruit nutrient content induced by the interaction
between using three sprinklers with applying 100/100/100% of N/P/K recommended dose (RD) which gave the
highest values compared to using drip irrigation with applying75/100/75%RD which gave the lowest values in

both studied seasons.

V. Fertilizer use efficiency (FUE):

Significant differences were observed for values of fertilizer use efficiency (FUE) at the different
treatments of irrigation types (with the same rate of irrigation water, 90Lh™) and rates of fertilizer application
(Table8 and Fig.13). Generally, the highest values of FUE were observed in the application of 75% RD of
Nitrogen and potassium compared with 100% RD of both nutrients with any type of irrigation. It is noteworthy
to mention that the potassium use efficiency was slighter than nitrogen use efficiency. The highest values of
FUE were noticed when three sprinklers were used in irrigation by 75% RD where it was 90.86 and 94.60 kg
yield/kg nitrogen and potassium, respectively. On the other hand, the lowest significant FUE values were
obtained at drip irrigation with 100% RD where it was 42.19 and 45.57 kg yield/kg nitrogen and potassium,
respectively.

Table8: Fertilizer use efficiency (FUE) of Nitrogen and Potassium under different types of irrigation with the
same rate of irrigation water (90Lh™)

Irrigation types p'gfggfn ';ri‘efl'és Applied fertilization FUE (kg yield/kg N fertilizer)

age kg ha™ kg Nha™ kg Kha N use efficiency K use efficiency

Drip 75% 21840 405 375 53.93f 57.25f

100% 22785 540 500 42.1%h 45.57h

1sprinkler 75% 26675 405 375 65.86d 65.91e

100% 27970 540 500 51.80g 55.94g

2sprinkler 75% 31795 405 375 78.51b 82.80b

100% 34465 540 500 63.82e 68.93d

3sprinkler 75% 36800 405 375 90.86a 94.60a

100% 37245 540 500 68.97c 74.49c

LSDg 05 0.270 0.276
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Fig.13: Fertilizer use efficiency (FUE) of Nitrogen and Potassium under different types of irrigation with the

same rate of irrigation water (90Lh™)

IV. Conclusions
Under condidtions environemental of trial site, apple yield, vegetative growth parameters and fruit

quality characterizes under mini-sprinkler are better than drip irrigation, in addition to the production
parameters under three sprinklers systems (100% of applied water)is better than two mini-sprinklers (66.6% of
applied water) and then one sprinkler (33.3 % of applied water).investigates results recommend to convert
irrigation for apple tress to mini-sprinkler, where the best number of sprinklers all-round tree is three then two
reaching to one mini-sprinkler.

Beside, The highest values of FUE were noticed when three sprinklers were used in irrigation by 75% RD. On
the other hand, the lowest significant FUE values were obtained at drip irrigation. So the nutrient can be saved
by 25% of recommended dosed under three sprinkler irrigation systems.
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