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ABSTRACT: Two field experiments were conducted at Salheya area, Sharkia Governorate, Egypt 
during two seasons (2015 and 2016) to study the effect of N, K fertilization and irrigation systems on 
citrus trees (Citrus sinenis), in case of converting irrigation system from flood to pressurized irrigation 
systems. Two N rates (800 and 1000g N/tree/year) and K (330 and 500 g K/tree/year) in the 
experiment 1 using 8 pressurized irrigation systems beside flood irrigation. Three N rates (800, 1000 
and 1200 g N/tree/year) and K (330,500 and 660 g K/tree/year) in experiment 2 under 6 irrigation 
systems using equal water amounts for all converted trees (25 mP

3
P/tree/year) by using small valves, and 

flood irrigation. 800 g N/tree/year and 330 g K/tree/year gave the highest N content in leaves in trees 
converted from flood to two lines dripper (S7), Highest K content in leaves was obtained by treatment 
of 1000 g N and 500 gK/tree/year under non converted trees (flood). In experiment 1, highest content 
of total soluble solids (TSS) was obtained by 800 g N and 500 g K under trees converted from flood to 
Micro Jet in circle shape (S5), and the highest acidity pH was obtained by treatment of 1000 g N and 
500 g K under trees converted from flood to S7. In experiment 2 the highest N content in leaves was 
obtained by treatment of 1200 g N/tree/year and 660 g K/tree/year in converted trees to (S5) and the 
highest content of K in leaves was obtained by treatment of 1200 g N/tree/year and 330g K/tree in 
converted trees to T. dripper in square shape (S4). Application of 1000 g N/tree/year with 500 g K/ 
tree/year gave the highest percentage of TSS, and the highest percentage of total acidity was obtained 
due to adding of 1200 g N combined  with 330 g K/tree/year in converted trees from flood to (S5). 

Key words: Citrus, nitrogen, potassium, irrigation systems. 

INTRODUCTION 

Fertilization is most important for citrus yield 
and quality specially when converting the 
irrigation system from flood to pressurized 
irrigation. Nitrogen and potassium are the main 
nutrients needed for citrus trees. The balance 
between N and K is important (Monga et al., 
2004). Nitrogen is important nutrient for growth 
and productivity because it is a constituent of 
proteins, nucleic acid, vitamins, hormones and 
many other important substens. Nitrogen and 
potassium minimize the negative effect of 

converting irrigation system from flood to 
pressurized irrigation.  

Roth et al. (1995) reported that mature 
orange trees can be converted to pressurized 
irrigation systems with minimal effect on fruit 
yield and quality. There is relationship between 
water requirement and fertility. Wolf (1999) 
reported that water requirement to produce a 
unit weight of a crop can be reduced by 
adequate nutrition. Adding sufficient fertilizers 
can reduce water requirements to produce a unit 
of crop (Ibrahim, 2006).  
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In old citrus orchards irrigation was done 
with high  water amounts ranging from 8000- 
8500m3 fad.-1 (or 19000 to 20000 m3 ha-1) (25 
times/year) whereas the actual water requirements 
range between 3000-4000 m3 fad.-1 or 7200 to 
9500 m3 ha-1. On the other hand, in sandy soils 
that irrigated by flood system, water amount used 
ranging from 10000-12000 m3 fad.-1, (42000 to 
50400 m3 ha-1), whereas the actual water 
requirements range between 5000-6000m3 fad.-1, 
(21000 to 25200 m3ha-1). Nakhlla et al. (1998) 
reported that the optimal annual fertilizer and 
irrigation rates for 7-year-old trees were 90 kg N 
+ 4500 m3 irrigation water/fad., (Parsons, 1993). 
In arid and semiarid regions, citrus tree roots are 
usually concentrated in areas where irrigation 
water is applied. In general, more than 70% of 
the root system should be irrigated for mature 
trees in well-drained, sandy soils (Bielorai, 
1982; Smajstrla and Koo, 1984; Koo and 
Smajstrla, 1985). 

The current study aims at assessing the status 
of orange trees up on changing the irrigation 
from flood system to pressurized systems. Fruit 
quality and other parameters will be studied. 

MATERIALS AND METHODS 

Two field experiments were carried out on a 
sandy soil at Salheya area, Sharkia Governorate, 
Egypt during two successive seasons of 2015, 
2016 on 15- years-old Washington navel orange. 
These experiments were conducted to study the 
effect of N and K fertilization and the change in 
irrigation system on nutrients content in orange 
leaves and some chemical properties of fruit 
juice, in the case of converting citrus irrigation 
system from flood irrigation (which using large 
amount of water and covered large area) into 
pressurized irrigation system through increasing 

the efficiency of nitrogen, potassium fertilization 
and irrigation water of fruit orchards. 

Representative soil samples were collected 
under tree canopy, within 100 cm from tree 
trunk and vertically at 0 -20, 20 – 40 and 40 – 60 
cm. Samples were analyzed for chemical and 
physical characteristics. i.e., soil texture, soil 
(pH) and soil salinity. 

Each experiment was a randomizes complete 
block, factorial (3-factors). Factors and treatments 
for experiment 1 are: factor 1: N-rate; two rates 
N1 and N2. Factor 2: K Rate: two rate K1 and 
K2, factor 3: irrigation system: nine systems 
from S1 to S9. Factors and treatment of 
experiment 2 are: factor 1: N rate; three rates, 
N1 to N3. Factor 2: K rates: K1 to K3. Factor 3: 
irrigation systems: six systems from S1 to S6. 
Assignations of treatments were as follows: In 
experiment 1, two N rates: (800 and 1000 g N / 
tree /year) and the two K rates :(330 and 500 g 
K/tree/year) the irrigation systems were: Micro 
Sprinkler (S1), Adjustable Sprinkler (S2), Micro 
jet in square shape  (S3), T. dripper in square 
shape  (S4), Micro jet in circle shape (S5), T. 
dripper in circle shape  (S6), two lateral lines 
along tree rows (S7), open lines for each tree 
(S8) and  flood irrigation (S9) which is the (non-
converted system), Unequal flow of each system 
was controlled by using small valves.  

Experiment 2 included Three N rates (800, 
1000 and 1200 g N/tree/year/) and three K rates 
(330, 500 and 660 g K/tree/year), six irrigation 
systems which were : Micro Sprinkler (S1), 
Micro jet in circle shape (S2), T. dripper in 
circle shape (S3), Adjustable Sprinkler (S4), two 
lateral lines along tree rows (S5). Equal water 
amount of 25m3/tree/year was used for all 
converted trees by using small valves, and Flood 
irrigation (S6) as standard. Fig. 1 shows details 
of each irrigation system. 

 

Table 1. Physical and chemical properties of the orchard soil 

Depth 
(cm) 

Particle size 
(%) 

Textu
ral 

class 

pH EC 
dSm-1 

N content    
mg kg-1 

Ions mmolc l-1 

Sand Silt Clay NO3
- NH4

+ Ca++ Mg++ Na+ K+ CO3
-- HCO3

- SO4
-- Cl- 

0 – 20 75.7 20.5 3.8 **L S 
*S 8.50 0.74 33 84 2.5 1.45 3.25 0.65 0 3.66 1.32 2.87 

20-40 98.9 0.6 0.5 *S 8.53 0.41 60 44 1.68 0.95 1.33 0.32 0 2.33 0.70 1.25 
40-60 99.3 0.0 0.3 *S 8.39 0.33 56 44 1.15 0.85 1.25 0.15 0 1.17 1.00 1.23 
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** L.S = Lomy sand     * S = sand 

Microsprinkler (S1) 
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                                              Adjustable sprinkler (S2) 
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Fig .1. Diagram of the irrigation systems in the experiment 
                                  T. dripper in square shape (S4) 

 
  Tree trunk 
    
                                                T. dripper (30-40)L/h  
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2
P         
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                                      Micro jet in circle shape (S5) 
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Soil sample location                      1         100 

                                             70 cm 
                                                     150  
 200cm                                     

 
                                    Control valves 
Sub main line                                                               
 

 
                                     T. dripper in circle shape (S6) 
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                    200cm       150       100   50           100cm               
 Tree trunk 
Soil sample location                                                                

                                                     43cm 
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                                                                                                 Control valves                          Sub 
main line  

Fig. 1. Cont. 
Two lines (S7) 

 
                 100cm  
                                          Two Lines dripper (40-45)L/h  
 
Wetted area 0.58 mP

2
P                        42cm  

(0.58* 4=2.32mP

2
P) 

                                                                                           Distance between drippers100cm 
                                          
                                                                 50 
Soil sample location                         100                
    150  
                               200cm Control valves 
Sub main line                                                         

 
 
                                                        Open line (S8)  
 
    
                                              Open line 450 L/h 
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2
P               

Actual wetted area 1.90 mP

2
P   Tree trunk 

 110cm   
                                                                            Main line 
                                                                            50   
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                                                                                          Control valves 

                  
 

                                                Flood irrigation  
 

                             
                                                                                                  
                                                                                                 Flood irrigation 1200L/h 
 Wetted area 9.00 mP

2 
 
                        Tree trunk  
                                          

                     
Soil sample location                     
                                                                                                500cm            Control valves 
                                                                   

50cm 

100cm 150cm 
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400 cm 
Fig. 1. Cont.

        

Therefore, treatments of experiment 1 were 2 
"N"×2 "K"×9 Irrigation systems with 3 replicates 
(108 plots). In experiment 2 they were :  3"N" × 3" 
K "× 6 irrigation systems with 3 replicates (162 
plot).  

Leaf sampling 

Samples of mature leaves of the previous 
spring flush proceeding were taken on September 
2015 and September 2016. The fresh leaves 
were dried at 70oC till constant weight and then 
ground.  0.2 g of the finely ground leaves of 
each replicate was wet digested using the 
method described by Kitson and Mellon (1964). 

At harvesting, 10 fruits were randomly 
collected from each plot to determine the acidity 
and total soluble solids (TSS). 

Leaf analyses  

 In general, the considered mineral nutrients 
in leaves were determined as follows: 

- Nitrogen in orange leaves was determined 
using micro kjeldahl.             

- Determination of potassium by using flame-
photometer. 

Fruit analyses 

1. Total soluble solids percentage (TSS %) was 
determined in fruit juice using a hand 
refractometer 

2. Titration acidity in fruit juice was determined 
as citric acid by titration against 0.1 N sodium 
hydroxide solution and the total acidity 
percentage was calculated by equation, Total 
acidity = [(NaOH × 0.1 × 0.064)/juice 
volume] × 100  (AOAC, 1990). 

Soil analyses 

1- Particle size distribution was carried out by 
international pipette method described by 
Piper (1950).  

2- Soil reaction (pH) in (1:2.5) water suspension 
by pH meter. 

3-  (EC dS/m-1) were determined in soil paste 
according to Jackson (1967). 

4- Soluble ions in soil extract (1:2.5 soil: water 
W/V) according to methods described by 
Jackson (1967). 

5- Available nitrogen in soil was extracted by 
1% KCl solution, and determined by Kjeldahl 
method.     

6- Available potassium was extracted by 1.0 N 
ammonium acetate solution extract (1:2.5) 
according to Jackson (1967). 

Statistical analyses 
The obtained data were tabulated and 

statically analyzed and the individual comparison 
means were carried out using New LSD. 

RESULTS AND DISCUSSION 

Nitrogen Content in Orange Leaves 
Results presented in Table 2, show that, 

nitrogen concentration in orange leaves was 
clearly affected by applying different rates of 
nitrogen and potassium through different 
irrigation systems in case of converting flood 
irrigation to pressurized irrigation systems. The 
percentage of nitrogen in leaves ranged between 
1.79% (by N1 K1 S1) -3.09% (by N1 K2 S2) in 
experiment 1 and 1.71% (by N3 K3 S3) - 2.29% 
(by N3 K3 S5) in experiment 2. Thus the highest 
N in leaves was obtained by 800 g N and 330 
gK/tree/year under converted trees into two lines 
along tree row in experiment 1 and 1200 g 
N/tree/year and 660 g K/tree/year in converted 
trees to two lines along tree row in experiment 
2. On the other hand, the lowest percent of N in 
leaves was obtained by the treatment 800g 
N/tree/year, 330 g K/tree/year in converted trees 
to micro sprinkler (S1) in experiment 1 and 
1200 g N, 660 g K/tree/year under trees of micro 
jet in circle shape (S2) in experiment 2. The 
results showed that there are many factors 
affecting N in leaves not the amount of nitrogen 
applied only, but were strongly related to the 
application method (Khalil et al., 2000; El-Wazzan 
et al., 2001), who added that distribution of 
water irrigation and nitrogen fertilizer  on large 
area under tree canopy improved roots 
distribution and nitrogen uptake. 

Studying the effect of nitrogen fertilization 
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Results showed that increasing nitrogen 
application from 800 to 1000 g N/tree/year in 
experiment 1 increased N content in converted 
trees into S 2, S 3, S 4, S 6 and S 8 by 2.46, 
22.13, 2.59, 16.41 and 18.58% while under 
converted trees into S 1, S 5 and S 7 there were 
decreases by 12.61, 13.14 and 3.63%. In 
experiment 2, increasing nitrogen rate from 800 
to 1000 g N/tree/year caused a slight increase in 
nitrogen content in leaves by 1.63 and 9.09% for 
S 3 and S 4 systems, respectively. Increasing N 
from 1000 to 1200 g/tree/year, nitrogen content 
in leaves were increased by 3.13, 11.76, 28.43 
and 3.03% in all converted trees, except 
converted trees from flood to S1 wherein it 
decreases by 5.52%. These results are in 
harmony with those obtained by Sabbah et al. 
(1997), Kannan et al. (2002), Monga et al. 
(2004), El-Otmani et al. (2004), Wassel et al. 
(2007), Khan et al. (2009), Quinones et al. 
(2009), Baughallel et al. (2011) and El-Wabeol 
and Eid (2011) who found that increasing the N 
rates and number of doses increased N 
concentration in the leaves. 

Concerning potassium fertilization, the results 
showed that increasing potassium rates from 330 
to 500 g K/tree/year in experiment 1 gave 
increases in nitrogen content in leaves by 49.72, 
12.93, 6.87, 19.63, 2.19, 3.77 and 12.93% in S1, 
S2, S3, S4, S6, S7, S8 and S9, respectively, as 
for converted trees from flood to S 5 which was 
not affected. In experiment 2 increasing K rate 
from 330 to 500 g K/tree/year caused increases 
in nitrogen leaves by 2.12, 0.53, 0.51 and 1.52% 
in all converted trees except trees converted 
from flood to S2, there was slight decreases by 
0.52%. Also, increasing K rate from 500 to 660 
g K/tree/year decreased N leaves by 4.17, 5.29 
and 1.02% in converted trees to S2, S3 and S4, 
respectively. In S1 and S5 there are increases by 
3.63 and 3.98%, respectively.  

Studying the effect of converting citrus 
irrigation system from flood to pressurized 
irrigation on nitrogen content in leaves, due to 
the differences of water and nitrogen fertilizer 
distribution in the ground under trees canopy, 
the results in the first experiment showed that 
there are increases in nitrogen leaves by 5.11, 
15.32, 8.94, 17.87, 26.81and 5.11% in all 
converted trees except converted trees from 
flood to S1 there was decreases in nitrogen 
leaves by 5.11%, while converted trees from 

flood to S4 were not affected. Whereas in 
experiment 2 converting irrigation system from 
flood to tested irrigation decreased nitrogen 
concentration in orange leaves by 26.79, 28.30, 
30.19, 26.04 and 23.40% in all converted trees 
from flood to pressurized irrigation systems. The 
obtained results are in harmony with those 
reported by Shirgure et al. (2003) and Prerak 
(2011). They found that leaf nutrient status was 
significantly higher with microjet 180 degrees. 

Interaction between nitrogen and potassium 
with irrigation system the results showed that 
increasing potassium rate from 330 to 500 g K/ 
tree with application of 800 g nitrogen in 
experiment 1 caused significant increases in 
nitrogen concentration in orange leaves by 
66.48, 28.04, 15.93, 29.70, 15.13, 3.69 and 
11.21% in all converted trees except S5 where 
there was decreases by 8.39%, and increasing K 
rate from 330 to 500 g K/tree/year under 
application the second rate (1000g N/tree/year) 
increased nitrogen content in orange leaves by 
32.96, 10.62, 10.62, 4.20 and 14.40 in converted 
trees to S1, S4, S 5, S7 and S8 ,respectively, but 
converted trees to S 2 and S3 nitrogen content in 
leaves were not affected. Also in experiment 2 
increasing potassium rate from 330 to 500 g 
K/tree under application of 800 g N/tree/year 
increased leaves nitrogen content by 22.41, 6.25, 
1.62 and 9.60% in all converted trees except S 5 
there is decreases by 8.13%. While increasing 
potassium rate from 500 to 660 g K/tree/year 
under the same rate of nitrogen (800 g N/tree/ 
year) caused decreases in N leaves by 7.51, 
7.35, 5.32 and 1.55% in all converted trees 
except S 5 there is increases by 6.25% whereas 
under application of the second rate of nitrogen 
(1000 g N/tree/year), increasing potassium rate 
from 330 to 500 g K/tree/year decreased 
nitrogen concentration in orange leaves by 
11.33, 4.08, 0.53and 2.88% in all converted 
trees except converted trees from flood to S5 
there was increases in nitrogen content in leaves 
by 13.90%. In addition, increasing potassium 
rate from 500 to 660 g K/tree/year under the 
same rate of nitrogen increased N leaves 
by12.78, 2.13, 0.53% in all converted trees 
except S5 there was a decreases in N leaves by 
8.45%. Under application the third level of 
nitrogen (1200 g N/ tree), increasing potassium 
rate from 330 to 500 g K/tree/year caused 
negative effect on concentration of nitrogen in 
orange leaves by 2.62, 2.63 and 3.43% in 
converted trees to S1, S2 and S4. Also 
increasing K rate from 500 to 660 g K/tree/year 
decreased N leaves in all converted trees by 
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7.57, 9.95 and 2.54% in converted trees to S2, 
S3 and S4, respectively. Whereas converted 

trees to S1 and S5 there were increases in N 
leaves content by 6.99 and 15.08%, respectively. 

Table 2. Effect of N, K and irrigation system on nitrogen content in leaves of Washington navel 
orange trees  

a: Experiment 1 

N rates 
g/tree/y

ear 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler 
(S1) 

Adjustable 
sprinkler 

(S2) 

Micro Jet 
in square 

shape 
(S3) 

T. dripper 
in square 

shape  
(S4) 

Micro jet 
in circle 
shape   
(S5) 

T. dripper 
in circle 
shape  
(S6) 

Two lines 
dripper 

(S7) 

Open 
lines 
(S8) 

Flood 
irrigation 

(S9) 

800 
330 1.79 2.14 2.26 2.02 2.86 2.38 2.98 2.14 2.02 
500 2.98 2.74 2.62 2.62 2.62 2.74 3.09 2.38 2.26 

Mean 2.38 2.44 2.44 2.32 2.74 2.56 3.03 2.26 2.14 

1000 
330 1.79 2.50 2.98 2.26 2.26 3.09 2.86 2.50 2.50 
500 2.38 2.50 2.98 2.50 2.50 2.86 2.98 2.86 2.62 

Mean 2.08 2.50 2.98 2.38 2.38 2.98 2.92 2.68 2.56 
Mean of K 

K 
330 1.79 2.32 2.62 2.14 2.56 2.74 2.92 2.32 2.26 
500 2.68 2.62 2.80 2.56 2.56 2.80 3.03 2.62 2.44 

G. Mean 2.23 2.47 2.71 2.35 2.56 2.77 2.98 2.47 2.35 
LSD A  0.24       B  NS       C  0.20      AB  0.36       AC  0.28       BC   0.28       ABC  NS       
 

b: Experiment 2  

N rates 
g/tree/ 
year 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler 
(S1) 

Micro jet in 
circle shape  

(S2) 

T. dripper in 
circle shape 

(S3) 

Adjustable 
sprinkler (S4) 

Two lines 
dripper  

(S5) 

Flood 
irrigation 

(S6) 

800 
330 1.74 1.92 1.85 1.77 2.09 2.58 
500 2.13 2.04 1.88 1.94 1.92 2.71 
660 1.97 1.89 1.78 1.91 2.04 2.62 

Mean 1.95 1.95 1.84 1.87 2.02 2.64 

1000 
330 2.03 1.96 1.88 2.08 1.87 2.69 
500 1.80 1.88 1.87 2.02 2.13 2.69 
660 2.03 1.92 1.88 2.02 1.95 2.69 

Mean 1.95 1.92 1.87 2.04 1.98 2.69 

1200 
330 1.91 1.90 1.91 2.04 1.98 2.58 
500 1.86 1.85 1.91 1.97 1.99 2.64 
660 1.99 1.71 1.72 1.92 2.29 2.64 

Mean 1.92 1.82 1.85 1.98 2.09 2.62 
Mean of K 

K 330 1.89 1.93 1.88 1.96 1.98 2.62 
 500 1.93 1.92 1.89 1.97 2.01 2.68 

660 2.00 1.84 1.79 1.95 2.09 2.65 
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G. Mean 1.94 1.90 1.85 1.96 2.03 2.65 
LSD A  0.40     B  0.02      C  0.041      AB  0.041        AC  0.07      BC  0.07      ABC  0.12 
Potassium Content in Orang Leaves 

Results presented in Table 3, show that 
potassium concentration in orange leaves was 
clearly affected by applying different rates of 
nitrogen and potassium on Washington novel 
orange in the case of converting irrigation 
system from flood to pressurized irrigation 
systems. The highest percentage of K in orange 
leaves was obtained by the treatment of 1000 g 
N and 500 g K/tree/year under non converted 
trees (flood) in the first experiment and 1200 g 
N/tree/year and 330 g K/tree/year in converted 
trees from flood to adjustable sprinkler (S 4) in 
the second experiment. On the other hand, the 
lowest percentages of K (%) in leaves was 
obtained by the treatment of 800 g N/tree/year, 
330 g K/tree/year in converted trees from flood 
to Micro Jet in circle shape (S5) in the first 
experiment and 1200 g N, 500 g K/tree/year  
under trees converted from flood to S 3  in the 
second experiment.  

Studying the effect of nitrogen fertilization, 
the results in Table 3 showed that increasing 
nitrogen application from 800 to 1000 g N/tree/ 
year in experiment 1, decreased potassium 
content in orange leaves by 4.35, 0.81, 1.96, 
4.52 and 4.03% in converted trees from flood 
into S 1, S 2, S 3, S 7 and S 8, respectively. 
Under converted trees into S 4, S 5 and S 6 there 
was increases in potassium content in the leaves 
by 7, 78 and 4.55%, respectively. In experiment 
2, increasing nitrogen application from 800 to 
1000 g N/tree/year increased potassium 
percentage in orange leaves by 4.71, 6.25, 20.00 
and 1.37% in all converted trees except that 
converted to S 3 which decreases by 11.54 %, In 
addition, increasing nitrogen rate from 1000 to 
1200 g N/tree, caused decreases in potassium 
content in orange leaves by 9.41, 5.80, 4.76 and 
4.05% in all converted trees, except S1 wheren 
potassium percentage in orange leaves was not 
affected. These results are in harmony with 
those obtained by Baughallel et al. (2011) who 
showed that the percentages of N in the leaves 
were increased in proportion to the amount of N 
added while the percentage of P and K were 
decreased.  

Concerning potassium fertilization, the results 
showed that increasing potassium rates from 330 
to 500 g K/tree/year in experiment 1 resulted in 
gradual increases in potassium content in leaves 
by 6.90, 11.21, 45.68, 5.92 and 4.73% in all 
converted trees except S 3, S 5 and S 8 where 
there were decreases by 8.49, 4.35 and 5.60%, 
respectively.  In experiment 2, increasing K rate 
from 330 to 500 g K/tree/year, decreased 
potassium content in leaves by 2.41, 5.56, 20.69 
and 1.28% in all converted trees except trees 
converted to S1 where there was increases by 
11.11%. While increasing K rate from 500 to 
660 g K/tree/year increased K percentage in 
orange leaves by 3.33, 4.41 and 13.04% in 
converted trees to S 1, S 3 and S 4, respectively. 
On the other hand, in S 2 and S 5 there were 
decreases by 2.47 and 18.18%, respectively.  

The results in experiment 1 showed that 
converted citrus irrigation system from flood to 
pressurized irrigation effect on potassium 
content leaves, due to the difference of water 
and potassium fertilizer distribution in roots area 
under trees canopy, so the general mean of 
potassium concentration in orange leaves 
recorded decreases by 46.75, 27.22, 40.24, 
40.83, 73.37, 7.10, 10.65 and 28.40% in all 
converted trees. In experiment 2, the general 
mean of K percentage in orange leaves recorded 
increases by 15.79, 6.58and 2.63% in converted 
trees from flood to S1, S2 and S4, respectively, 
whereas converted trees from flood to S3 and S5 
showed decreases in potassium leaves by 6.58 
and 3.95%, respectively.  

Studying the interaction between nitrogen 
and potassium with irrigation system, the results 
showed that increasing potassium rate from 330 
to 500 g K/tree/year with application of 800 g 
N/tree/year in experiment 1, increased potassium 
concentration in orange leaves by 47.30, 48.48, 
0.98, 12.20, 8.78 and 38.46% in all converted 
trees except S4 and S8 where there was 
decreases by 52.58 and 3.97%, respectively. In 
addition increasing potassium rate from 330 to 
500 g K/tree/year under the second rate of 
nitrogen (1000 g/tree/year) decreased potassium 
concentration in orange leaves by 24.00, 17.16, 
16.51, 17.65, 21.21 and 8.06% in all converted 
trees except converted trees to S 4 and S 6 in 
which potassium (%) in leaves was increased. In 
experiment 2, increasing potassium rate from 
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330 to 500 g K/tree/year under application of 
800 g N/tree increased K (%) in leaves by 10.39, 
1.30 and 1.59% in all converted trees except S2 

and S5 which showed decreases by 11.49 and 
26.37%, respectively. On the other hand 
increasing potassium rate from 500 to 660 g K/ 

Table 3. Effect of N, K and irrigation system on potassium content in leaves of Washington 
navel orange trees 

s: Experiment 1 

N rates 
g/tree/ 
year 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler 
(S1) 

Adjustable 
sprinkler 

(S2) 

Micro jet 
in square 

shape 
(S3) 

T. dripper 
in square 

shape  
(S4) 

Micro jet 
in circle 
shape   
(S5) 

T. dripper 
in circle 

shape  (S6) 

Two 
lines 

dripper 
(S7) 

Open 
lines  
(S8) 

Flood 
irrigation 

(S9) 

800 
330 0.74 0.99 1.02 0.97 0.41 1.48 1.30 1.26 1.20 
500 1.09 1.47 1.03 0.46 0.46 1.61 1.80 1.21 1.74 

Mean 0.92 1.23 1.02 0.72 0.44 1.54 1.55 1.24 1.47 

1000 
330 1.00 1.34 1.09 0.65 0.51 1.57 1.65 1.24 1.91 
500 0.76 1.11 0.91 1.91 0.42 1.61 1.30 1.14 1.91 

Mean 0.88 1.22 1.00 1.28 0.46 1.59 1.48 1.19 1.91 
Mean of K 

K 
330 0.87 1.16 1.06 0.81 0.46 1.52 1.48 1.25 1.56 
500 0.93 1.29 0.97 1.18 0.44 1.61 1.55 1.18 1.82 

G. Mean 0.90 1.23 1.01 1.00 0.45 1.57 1.51 1.21 1.69 
LSD A  0.047        B  0.021       C 0.13      AB 0.030        AC 0.18       BC 0.18       ABC  0.26 
 

b: Experiment 2 

N rates 
g/tree/ 
year 
(A) 

K rates 
 g/tree/ 

year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler 
 (S1) 

Micro jet in 
circle shape   

(S2) 

T. dripper 
in circle 

shape (S3) 

Adjustable 
sprinkler 

(S4) 

Two lines 
dripper 

(S5) 

Flood 
irrigation 

(S6) 

800 
330 0.77 0.87 0.77 0.63 0.91 0.75 
500 0.85 0.77 0.78 0.64 0.67 0.77 
660 0.94 0.78 0.78 0.85 0.59 0.76 

Mean 0.85 0.80 0.78 0.70 0.73 0.76 

1000 
330 0.76 0.82 0.63 0.99 0.72 0.67 
500 0.93 0.89 0.72 0.81 0.83 0.75 
660 0.97 0.83 0.72 0.72 0.66 0.74 

Mean 0.89 0.85 0.69 0.84 0.74 0.72 

1200 
330 0.90 0.79 0.75 0.99 0.70 0.85 
500 0.91 0.76 0.55 0.63 0.81 0.77 
660 0.86 0.76 0.64 0.79 0.63 0.75 

Mean 0.89 0.77 0.65 0.80 0.71 0.79 
Mean of K 

K 
330 0.81 0.83 0.72 0.87 0.78 0.76 
500 0.90 0.81 0.68 0.69 0.77 0.76 
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660 0.93 0.79 0.71 0.78 0.63 0.75 
G. Mean 0.88 0.81 0.71 0.78 0.73 0.76 
LSD A 0.043     B  0.021       C 0.039     AB  0.036      AC  0.06     BC 0.06         ABC 0.11 
tree/year under the same rate of nitrogen (800 g 
N/tree/ year) increased leaves K by 10.59, 1.30 
and 32.81% in converted trees to S 1, S 2 and S 
4, respectively. While converted trees to S5 
caused decreases by 11.94%, respectively. Also, 
with the second rate of nitrogen (1000 g N/tree 
/year), increasing potassium rate from 330 to 
500 g K/tree/year, increased potassium 
concentration in orange  leaves by 22.37, 8.54, 
14.29 and 15.28% in all converted trees except 
S4, where the concentration of potassium in 
orange leaves was decreased by 18.18% whereas 
increasing K rate from 500 to 660 g K/tree/year 
under the same rate of nitrogen (1000 g N/tree/ 
year), decreased potassium percentage  in leaves 
of converted trees to S 2, S 4 and S 5 by 6.74, 
11.11 and 20.48%, respectively. But in converted 
trees from flood to S 1 there are slight increase 
by 4.30. Under the third rate of nitrogen (1200 g 
N/tree/year), increasing potassium rate from 330 
to 500 g K/tree/year decreased potassium 
concentration in orange leaves by 3.80, 26.67 
and 36.36% in converted trees from flood to S2, 
S3 and S4, respectively while converted trees to 
S 1 and S5, there were increases valued 1.11 and 
15.71%, respectively. Also, increasing potassium 
rate from 500 to 660 g K/tree/year, decreased 
potassium leaves in S1 and S5 by 5.49 and 
22.22%, respectively. Also there were increases 
in K leaves amounted 16.36 and 25.40% in 
converted trees to S 3 and S 4, respectively. The 
results showed that there were increases in K 
leaves by 16.58 and 24% in converted trees to 
S3 and S 4, respectively. 

Some Chemical Properties of Fruit’s Juice 
Total soluble solids (TSS %)  
Results presented in Table 4, show the effect 

of application different rates of nitrogen and 
potassium on total soluble solids (TSS) in 
orange fruit juice when converting citrus 
irrigation from flood to pressurized irrigation 
systems. The percentage of TSS in orange juice 
ranged between (11.00 -13.67) in the two 
experiments. The greatest percentage of TSS 
was obtained by the treatment of 800 g N and 
500 g K/tree/year under trees converted from 
flood to S 5 P

 
Pin the first experiment, and 1000 g 

N/tree/year with 500 g K/tree/year in experiment 
2. On the other hand, the lowest value was 
obtained by treatment of 1000 g N and 330 g 
K/tree/year under non converted trees (flood 
irrigation) in experiment 1 and 1200 g N with 
330 g K/tree/ year under non converted trees 
(flood irrigation) in experiment 2. 

Regarding the effect of increasing nitrogen 
rate, the results showed that, increasing nitrogen 
rate from 800 to 1000 g N/tree/year in 
experiment 1 caused significant decreases in 
TSS by 4.60, 4.43, 7.03, 9.00, 7.43, 7.32, 4.38 
and 2.10% in all converted trees from flood to 
tested pressurized irrigation. Meanwhile, 
increasing nitrogen rate from 800 to 1000 g N/ 
tree in experiment 2, decreased TSS by 4.69, 
1.70 and 2.55% under converted trees from 
flood to S1, S4 and S5, respectively. On the 
other hand, the trees which were converted to S2 
and S3 were increased by 0.84 and 4.38%, 
respectively. Also further more in case of 
increasing nitrogen rate from 1000 to 1200 g 
N/tree/year, the percentage TSS in orange juice 
was decreased by 0.48, 4.63, 5.49 and 1.26% in 
all converted trees; except trees converted to S 5 
where slight increase in TSS by1.35% was 
recorded.        

Concerning potassium fertilization, the results 
showed that increasing potassium rates from 330 
to 500 g K/tree/year in experiment 1, increased 
TSS  by 2.01, 3.34, 2.00, 5.55, 3.2 and 5.13% in 
all converted trees from flood to pressurized 
irrigation systems except converted trees to S 5 
and S 6 that not affected by potassium increases. 
Whereas, in experiment 2 increasing potassium 
rate from 330 to 500 g K/tree/year caused 
significant increases in percentage of TSS in 
orange juice by 1.87, 3.08, 7.25, 1.27 and 2.60% 
in all converted trees and increasing K rate from 
500 to 660 g K/tree/year, increased the 
percentage of TSS by 2.15 and 1.73% in 
converted trees from flood to S 1 and S 4, 
respectively. In contrast, converted trees to S 3 
and S 5 indicated decreases in TSS percentage 
by 4.25 and 2.54%, respectively.  
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Regarding to the effect of irrigation systems, 
the results in experiment 1 cleared that 
converting citrus irrigation system from flood to 
different irrigation systems caused increases in 
TSS percentage in orange juice by 9.81, 12.00, 
10.60, 8.76, 14.54, 15.32, 13.49 and 3.24 % in 
all converted trees. Also, in experiment 2 
converting irrigation system from flood to tested 
pressurized irrigation caused increases in TSS 
percentage in orange juice by 8.64, 11.75, 9.68, 
10.11 and 10.46% in all converted trees, 
compared with non-converted trees (flood) as 
standard commonly the percentage of TSS in 
orange juice was markedly affected by irrigation 
system and water distribution .These results 
confirm those of Khalil et al. (2000) and Mostert 
et al. (2000) working on several citrus species 
and reported that the levels of TSS decreased in 
the treatments that used more water, mainly due 
to a dilution effect. 

Studying the interaction between nitrogen 
and potassium under converted trees from flood 
to different pressurized irrigation systems, the 
results showed that increasing potassium rate 
from 330 to 500 g K/tree/year with application 
of 800 g N/tree/year in experiment 1, increased, 
TSS percentage by 2.60, 3.90, 1.31, 8.00, 1.26, 
1.21and 4.28% in all converted trees except 
trees converted from flood to S6, where there 
was no effect. Increasing potassium rate from 
330 to 500 g K/tree under application of 1000 g 
N/tree/ year, increased TSS by 1.31, 2.76, 2.75, 
2.83, 5.43 and 5.91% in all converted trees 
except converted trees from flood to S5 where 
there was decrease in TSS by1.34%. In 
experiment 2, increasing potassium rate from 
330 to 660 g K /tree under application of 800 g 
N/tree/year caused significant increases in TSS 
by 2.60, 1.31, 8.00, 1.33 and 1.21% in all cases, 
but increasing potassium rate from 500 to 660 g 
K/tree under 800 g N/tree/year, caused increase 
in TSS by 2.54% in converted trees to S1 
whereas the trees which converted to S2, S3 and 
S5 revealed decreases in TSS by 1.29, 13.56 and 
7.50%, Also increasing potassium rate from 330 
to 500 g K /tree under application of the second 
level of nitrogen (1000 g N/tree/year) increased 
TSS in orange fruits by 1.31, 9.49, 13.92, 1.36 
and 1.36% in all converted trees. Whereas 
increasing K rate from 500 to 660 g K/tree/year 
caused increases in TSS by 2.76, 1.26 and 
2.60% in converted trees to S1, S2 and S3, 
respectively but converted trees to S3 and S5 
were not affected. Furthermore, under 
application the highest level of nitrogen (1200 g 
N/tree/year), increasing potassium rate from 330 

to 500 g K/ tree/year increased TSS percentage 
by 1.31, 1.38, and 5.43% in converted trees to 
S1, S4 and S5, respectively, while converted 
trees to S 2 caused decreases in TSS by 1.34%. 
Increasing potassium rate from 500 to 660 g 
K/tree under the same rate of nitrogen increased 
TSS by1.38, 1.38 and 2.64% in converted trees 
to S1, S3 and S4, whereas converted tree from 
flood to S2 and S5, TSS in fruit juice was not 
affected. 

Total acidity (%) in fruit juice  
Table 5, show the values of total acidity in 

fruit juice as affected by application of different 
rates of nitrogen and potassium through 
converted irrigation system from flood to 
pressurized irrigation systems. The acidity of 
orange juice ranged between 0.42 - 0.68% in 
experiment 1, and 0.42 – 0.71% in experiment 2. 
The highest percentage of acidity was obtained 
by treatment of 1000 g N and 500 g K/tree/year 
under trees converted from flood to S 7 in 

experiment 1, and 1200 g N with 330 g K/tree/ 
year in experiment 2. On the other hand, the 
lowest value was obtained by treatment of 800 g 
N and 500 g K/ tree under non converted trees 
(flood irrigation) in experiment 1 and 1200 g N 
with 660 g K/tree/year under non converted 
trees (flood irrigation) in experiment 2. 

Regarding the effect of nitrogen application 
on total acidity in fruit juice, the results showed 
that increasing nitrogen rate from 800 to 1000 g 
N/tree/year in experiment 1 caused significant 
increases in total acidity by 6.90, 16.36, 5.45, 
3.77, 1.79, 5.56, 1.52 and 4.08% in all converted 
trees from flood to tested pressurized irrigation. 
In addition, increasing nitrogen application rate 
from 800 to 1000 g N /tree in experiment 2 
increased acidity by 7.02, 4.92, 1.67 and 1.64% 
in all converted trees, except converted trees to 
S4 where the total acidity in fruit juice was not 
affected. On the other hand, increasing nitrogen 
rate from 1000 to 1200 g N/tree/year, increased 
percentage of acidity in orange juice by 1.64, 
3.28 and 12.90% in converted trees from flood 
to S1, S3 and S5 whereas trees converted to S2 
and S4, the total acidity in fruit juice was not 
affected.    

Concerning potassium fertilization, increasing 
potassium rates from 330 to 500 g K/tree/year in 
experiment 1 decreased total acidity by 13.85, 
1.67, 3.45and 3.57% in converted trees from 
flood to S1, S2, S5 and S6, respectively, while 
converted trees to S3, S4 and S8, the total 
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acidity in fruit juice was not affected by 
potassium increases. In experiment 2, increasing 
potassium rate from 330 to 500 g K/tree/year 
decreased percentage of total acidity in orange 
juice by 1.64, 1.56, 1.61, 5.97 and 1.54% in all 

converted trees. Also, increasing K rate from 
500 to 660 g K/tree/year, decreased the 
percentage of acidity by 3.33, 1.59, 1.64 and 
4.76% in all converted trees except converted 
trees in S5 was not affected. 

Table 4. Effect of N, K and irrigation system on TSS percentage in fruit juice Washington navel 
orange trees 

a: Experiment 1 
N rates 
g/tree/ 
year 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system ( c ) 
Micro 

sprinkler  
(S1) 

Adjustable 
sprinkler 

(S2) 

Micro jet 
in square 

shape 
(S3) 

T. dripper 
in square 

shape 
(S4) 

Micro jet 
in circle 
shape 
(S5) 

T. dripper 
in circle 

shape  (S6) 

Two lines 
dripper 

(S7) 

Open 
lines 
(S8) 

Flood 
irrigation 

(S9) 

800 
330 12.67 12.83 13.00 12.50 13.50 13.67 13.17 11.67 11.50 
500 13.00 13.33 13.17 13.50 13.67 13.67 13.33 12.17 11.67 

Mean 12.83 13.08 13.08 13.00 13.58 13.67 13.25 11.92 11.58 

1000 
330 12.17 12.33 12.00 11.67 12.67 12.67 12.33 11.33 11.00 
500 12.33 12.67 12.33 12.00 12.50 12.67 13.00 12.00 11.50 

Mean 12.25 12.50 12.17 11.83 12.58 12.67 12.67 11.67 11.25 
Mean of K 

K 
330 12.42 12.58 12.50 12.08 13.08 13.17 12.75 11.50 11.25 
500 12.67 13.00 12.75 12.75 13.08 13.17 13.17 12.08 11.58 

G. Mean 12.54 12.79 12.63 12.42 13.08 13.17 12.96 11.79 11.42 
LSD          A  0.19   B  0.15        C  NS        AB  0.21       AC  0.72       BC  0.72        ABC   1.02       

 

b: Experiment 2 
N rates 
g/tree/ 
year 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler 
(S1) 

Micro jet in 
circle shape    

(S2) 

T. dripper in 
circle shape    

(S3) 

Adjustable 
sprinkler  

(S4) 

Two lines 
dripper 

(S5) 

Flood 
irrigation 

(S6) 

800 
330 12.67 13.00 12.50 12.83 13.17 11.67 
500 13.00 13.17 13.50 13.00 13.33 12.17 
660 13.33 13.00 11.67 13.00 12.33 11.33 

Mean 13.00 13.06 12.56 12.94 12.94 11.72 

1000 
330 12.17 12.33 12.00 12.50 12.50 12.00 
500 12.33 13.50 13.67 12.67 12.67 11.50 
660 12.67 13.67 13.67 13.00 12.67 11.67 

Mean 12.39 13.17 13.11 12.72 12.61 11.72 

1200 
330 12.17 12.67 12.33 12.33 12.33 11.00 
500 12.33 12.50 12.33 12.50 13.00 11.50 
660 12.50 12.50 12.50 12.83 13.00 11.33 

Mean 12.33 12.56 12.39 12.56 12.78 11.28 
Mean of K 

K 330 12.33 12.67 12.28 12.56 12.67 11.56 
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500 12.56 13.06 13.17 12.72 13.00 11.72 
660 12.83 13.06 12.61 12.94 12.67 11.44 

G. Mean 12.57 12.93 12.69 12.74 12.78 11.57 
LSD A 0.26        B  0.23         C  0.27     AB  0.40       AC 0.47    BC 0.47    ABC  0.83 

With regard to the effect of irrigation system, 
the results in experiment 1 cleared that, converting 
citrus irrigation system from flood to pressurized 
irrigation systems caused significant increases in 
acidity of orange juice by 30.43, 30.43, 21.74, 
17.39, 23.91, 19.57, 43.48 and 8.70% under all 
tested trees compared with non-converted trees. 
Also in experiment 2, converting irrigation 
system from flood to pressurized irrigation 
systems increased total acidity in fruit juice by 
27.66, 34.04, 29.79, 34.04 and 36.17% in all 
converted trees, compared with non-converted 
trees (flood) as standard.   

Studying the interaction between nitrogen 
and potassium in case of converting irrigation 
system for citrus trees, results showed that in 
experiment 1, increasing potassium rate from 
330 to 500 g K/tree/year with application of the 
first level of nitrogen (800 g N/tree/year) caused 
significant decreases in total acidity percentage 
by 15.87, 3.57, 1.82, 1.85, 3.51, 5.45, 1.52 and 
4.00% in all converted trees. Whereas increasing 
potassium rate from 330 to 500 g K /tree under 
application of the second level of nitrogen (1000 
g N/tree/year) increased acidity by 1.56, 3.51, 
3.70, 3.03 and 1.96% in all converted trees 
except S1, S5 and S6 where there were decreases 
in acidity by13.43, 3.45 and 3.45%. While in 
experiment 2, increasing potassium rate from 
330 to 500 g K /tree under application of 800 g 

N/tree/year caused slight decreases in total 
acidity by 3.33, 1.64, 1.67, 4.62 and 3.23% in all 
converted trees. Also, increasing potassium rate 
from 500 to 660 g K/tree/year under the same 
rate of nitrogen, caused low decreases in acidity 
by 6.90 and 1.61% in converted trees to S1 and 
S4, while S2 and S3 not affected by increasing K 
rate. Also increasing potassium rate from 330 to 
500 g K/tree/year under application the second 
level of nitrogen (1000 g N/tree/year) caused 
decreases in total acidity in fruit juice by 1.61, 
1.54, 3.17, 7.35 and 1.59% in all converted 
trees. Increasing potassium rate from 500 to 660 
g K/tree/year with the second level of nitrogen, 
decreased the total acidity by 1.64, 1.56, 3.28, 
6.35 and 1.61% in all converted trees. Also, 
under application the highest level of nitrogen 
(1200 g N/tree/year) with increasing potassium 
rate from 330 to 500 g K/tree/year, decreased 
total acidity percentage in fruit juice by 3.17, 
1.54, 1.59, 7.35 and 1.41% in all converted trees. 
Furthermore, increasing potassium rate from 500 
to 660 g K/tree/year with the highest level of 
nitrogen (1200 g N/tree/year) decreased acidity 
by 1.56 and 6.35% in converted trees to S2 and 
S4, while in converted trees to S1, S3 and S5, 
the total acidity in fruit juice was not affected by 
increasing potassium rate specially in the case of 
application the highest level of nitrogen. 

 

Table 5. Effect of N, K and irrigation system on acidity in fruit juice (%) of Washington navel 
orange trees 

a: Experiment 1 

N rates 
g/tree/ 
year 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler  
(S1) 

Adjustable 
sprinkler 

(S2) 

Micro jet 
in square 

shape 
(S3) 

T. dripper 
in square 

shape  
(S4) 

Micro jet 
in circle 
shape   
(S5) 

T. dripper 
in circle 
shape 
(S6) 

Two 
lines 

dripper 
(S7) 

Open 
lines 
(S8) 

Flood 
irrigation 

(S9) 

800 
330 0.66 0.66 0.61 0.60 0.64 0.61 0.72 0.50 0.46 
500 0.59 0.60 0.60 0.59 0.63 0.59 0.70 0.48 0.42 

Mean 0.63 0.63 0.61 0.60 0.64 0.60 0.71 0.49 0.44 

1000 
330 0.70 0.70 0.63 0.61 0.65 0.63 0.73 0.51 0.50 
500 0.66 0.71 0.65 0.63 0.64 0.63 0.75 0.52 0.44 

Mean 0.68 0.70 0.64 0.62 0.64 0.63 0.74 0.51 0.47 
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Mean of K 

K 
330 0.68 0.68 0.62 0.61 0.65 0.62 0.73 0.50 0.48 
500 0.63 0.66 0.63 0.61 0.63 0.61 0.73 0.50 0.43 

G. Mean 0.65 0.67 0.62 0.61 0.64 0.62 0.73 0.50 0.46 

b: Experiment 2 

N rates 
g/tree/ 
year 
(A) 

K rates 
g/tree/ 
year 
(B) 

Type of irrigation system (c) 
Micro 

sprinkler 
(S1) 

Micro jet in 
circle shape   

(S2) 

T. dripper in 
circle shape 

(S3) 

Adjustable 
sprinkler 

(S4) 

Two lines 
dripper 

(S5) 

Flood 
irrigation 

(S6) 

800 
330 0.60 0.61 0.60 0.65 0.62 0.50 
500 0.58 0.60 0.59 0.62 0.60 0.48 
660 0.54 0.60 0.59 0.61 0.61 0.48 

Mean 0.57 0.61 0.60 0.63 0.61 0.49 

1000 
330 0.62 0.65 0.63 0.68 0.63 0.52 
500 0.61 0.64 0.61 0.63 0.62 0.46 
660 0.60 0.63 0.59 0.59 0.61 0.42 

Mean 0.61 0.64 0.61 0.63 0.62 0.47 

1200 
330 0.63 0.65 0.63 0.68 0.71 0.50 
500 0.61 0.64 0.62 0.63 0.70 0.46 
660 0.61 0.63 0.62 0.59 0.70 0.45 

Mean 0.62 0.64 0.63 0.63 0.70 0.47 
 Mean of K 

K 
330 0.61 0.64 0.62 0.67 0.65 0.51 
500 0.60 0.63 0.61 0.63 0.64 0.46 
660 0.58 0.62 0.60 0.60 0.64 0.45 

G. Mean 0.60 0.63 0.61 0.63 0.64 0.47 
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تغيير   وجودة الثمار لأشجار الموالح فى حالة ةالغذائي ةالتسميد النيتروجينى والبوتاسى على الحال تأثير
 طغتحت ض رى لى نظمإغمر النظام الرى من 

Pعبد الباسط عبدالعزيزابراهيم

۱
P- صلاح محمود محمد دحدوحP

۲
P - فتحى عبدالفتاح العزيزىP

۱
P - أحمد عفت الشربينىP

۲ 
 مصر  –القاهرة  –ء بحوث الصحرا مركز - ا وخصوبة الأراضيقسم ميكروبيولوجي -۱

 مصر  -جامعة الزقازيق  -كلية الزراعة -قسم علوم الأراضى  -۲

والتى تم تحويل نظام الرى فيها من الرى  ةالرملي يراضفى الأالمزروعة على اشجار البرتقال  تانحقلي تانأقيمت تجرب
تأثير التسميد لدراسة  )۲۰۱٦,۲۰۱٥(صالحيه خلال موسميين متتاليين لى نظم الرى تحت ضغط بمنطقة الإبالغمر 

وبعض الصفات الكميائيه للثمار وذلك فى حالة  الموالح أوراقالعناصر فى  بعض مستوىالنيتروجينى والبوتاسى على 
كفاءة استخدام الماء  لى نظم رى تحت ضغط لزيادهإتغيير نظام الرى التقليدى (الغمر) الذى يستهلك كميات كبيره من الماء 

ومعدلين من التسميد  )العامة/شجرلل  يتروجينجرام  ن ۱۰۰۰و  ۸۰۰(معدلين من التسميد النيتروجينى  ضافةإ تم ،سمدهوالأ
، ۸۰۰(وثلاث معدلات من التسميد النيتروجينى ، ولىالأ ةالتجربفى  )ة/العامشجرلل بوتاسيومجرام   ٥۰۰و۳۳۰(البوتاسى 

 ٦٦۰و٥۰۰و۳۳۰(لى ثلاث معدلات من التسميد البوتاسى إ ةضافبالإ )ة/ العاملشجرل يتروجيننجرام  ۱۲۰۰،  ۱۰۰۰
للاشجار  بنظام الرسمده خلال مياه الرى ضافة المعدلات السماديهإتم ة، التجربه الثانيفى  )ة/العامشجرلل بوتاسيوم جرام 

حول  مربع فى شكل ميكروجترشاش   –رشاش تحكم  –المحوله الى انظمة الرى تحت ضغط وهى الرشاش الدوار 
نظام التنقيط  –خرطوم مفتوح  -دائرهفى شكل  Tنقاط   -دائره فى شكل ميكروجت -مربع فى شكل  T نقاط  – الشجره

انظمه فى  ٦و ،ولالتى تروى بالغمر للمقارنه وذلك فى الموسم الأ ةمحولالالعادى بالاضافه الى مجموعه من الاشجار غير 
 –التنقيط العادى  –رشاش تحكم  –دائره فى شكل  Tنقاط   –دائرهفى شكل  ميكروجت -ى وهى الرشاش الدوارالموسم الثان

جرعه خلال العام وكانت النتائج  ۸۰تم اضافة الاسمده من خلال نظام الرى على ة، محوله للمقارنالغير شجار الأ
 ة/العامجرام بوتاسيوم للشجر ۳۳۰ معنيتروجين جرام  ۸۰۰معدل التسميد النيتروجين  استخدام، ليها كالتالىالمتحصل ع

، ىالاول التجربهفى  التنقيط م انظ فى الاشجار المحوله من الرى بالغمر الى وراقروجين فى الأتلنل تركيز علىأعطى أ
جرام بوتاسيوم ٥۰۰لشجره ول نيتروجينجرام ۱۰۰۰تم التحصل عليها من اضافه  وراقأعلى قيمه لنسبة البوتاسيوم فى الأ

جرام  ۸۰۰ معاملةاعلى تركيز للمواد الصلبه الذائبه كان من ال، ار الغير محوله التى تروى بالغمرشجللشجره فى الأ
اعلى ة، كروجيت شكل دائره حول الشجرمن رى غمر الى ميالاشجار المحوله  جرام بوتاسيوم للشجره فى٥۰۰نيتروجين و

ة، جرام بوتاسيوم للشجر٥۰۰جرام نيتروجين للشجره و ۱۰۰۰ معاملةمار كان عند التركيز لنسبة الحموضه فى عصير الث
 ۱۲۰۰ معاملةال ظهر بإستخدام وراقعلى قيمه لتركيز النيتروجين فى الأ: أكانت النتائج كالتالى بينما فى التجربه الثانيه
اعلى ، المحوله من غمر الى رى بالتنقيط فى الاشجار جرام بوتاسيوم للشجره ٦٦۰ و اضافة ة/العامجرام نيتروجين للشجر

فى الشجار  ة/العامجرام بوتاسيوم للشجر ۳۳۰جرام نيتروجين و  ۱۲۰۰ معاملةكان عند ال وراقتركيز للبوتاسيوم فى الأ
جرام نيتروجين  ۱۰۰۰جينى (تطبيق معدل التسميد النيترون أظهرت النتائج ، أالمحوله من غمر الى رشاش التحكم

من رى  ةالمحولالذائبه فى عصير الثمار فى  ةعلى تركيز للمواد الصلبأجرام بوتاسيوم للشجره اعطى  ٥۰۰) وةللشجر
جرام  ۳۳۰جرام نيتروجين و  ۱۲۰۰ ةا من المعاملعلى تركيز لنسبة الحموضه تم التحصل عليه، أرى بالتنقيطغمر الى 

لكى يتم تحويل نظام  ةمن خلال نتائج هذه الدراس، نقيطلى رى بالتإشجار المحوله من غمر فى الأ ة/العامبوتاسيوم للشجر
جرام نيتروجين ۱۰۰۰استخدام معدل التسميد النيتروجينى : تىحديثه نوصى بالآرى رى الموالح من غمر الى نظم 

P۳م۲٥و ةجرام بوتاسيوم للشجر٥۰۰والتسميد البوتاسى  العام ة/للشجر
P قيق خلال نظام الرى بالرشاش الدة/ العام ماء للشجر

ورفع كفاءة  جرعه خلال السنه لتقليل الفاقد ۸۰شار الجذور ويتم التسميد على تنا% من مساحة ۸۰الذى يغطى حوالى 
 .استخدام السماد
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