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ABSTRACT 
A split plot experimental design with four replicates was used to implement a field experiment for three 
seasons in a private farm (30 ͦ 50״44.35 ׳ N 30 ͦ 26״13.32 ׳ E, and  3.35 m above mean see level)) at El-
Bustan area, Egypt. The main plots included three irrigation treatments (I1: irrigation at 100% ETo 
(control treatment), I2: irrigation at 80% ETo, and I3: irrigation at 60% of ETo), while the sub-plots 
included two potassium foliar spry treatments (K0: without spry, and K1: with spry). The experiment 
was conducted to assess the effect of the abovementioned treatments on Washington navel orange 
vegetative growth parameters (shoot number/branch and shoot length/branch), leaf area index, leaf 
water potential, leaf proline content, physical fruit parameters (length, diameter, weight, pulp %, rind%, 
and juice%), chemical fruit parameters (TSS, acidity%, vitamin C contents, and TSS/acidity ratio), and 
leaf mineral contents.The results proved that irrigation treatments at 100 and 80 % of ETo significantly 
increased both shoots number and length during the three seasons of study. Conversely, water stress at 
60% of ETo reduced shoot number and length; however, potassium sprays did not influence these 
parameters. Moreover, irrigation treatments at 100 and 80 % of ETo with or without foliar potassium 
sprays resulted in the best interaction in shoot number and length. A vice-versa trend was observed for 
deficit irrigation at 60% of ETo. Deficit irrigation treatments at either 60% or 80% of ETo significantly 
reduced water potential and gave the best interactions compared to irrigation at 100% of ETo (control). 
However, was not affected by different irrigation treatments. Nevertheless, irrigation at 100% of ETo 
gave significantly the highest interaction compared with others interactions. Water stress at 60% of ETo 
significantly raised leaf proline content with potassium application and gave the best interaction. Water 
stress treatment at 60% ETo markedly decreased of fruit weight and other treatments did not 
significantly affect fruit length and diameter. Moreover, irrigation treatments at both 80% followed by 
100% of ETo without potassium spray resulted significantly in the highest interaction in this respect.  
In general, fruit rind, pulp and juice percentages did not statistically influence by different irrigation 
treatments with foliar application with potassium. Yet, in the second season; irrigation at 100% of ETo 
markedly increased of fruit juice percent compared to other irrigation treatments. Moreover; irrigation 
at 100% of ETo attained the best interaction for rind, pulp and juice percentages. Concerning chemical 
fruit properties, the results revealed that different deficit irrigation treatments with foliar potassium 
spray did not significantly affect both both TSS/acid ratio and acidity percent especially, in first and 
third seasons, whilst in the second one, water stress at 60% of ETo decreased fruit juice acidity percent 
and increased TSS/acid ratio.  Similar results were also obtained for fruit total soluble solids. Water 
stress treatment at 60% of ETo markedly decreased vitamin C content in the juice, vise-versa; irrigation 
rates at either 100% or 80 % of ETo with or without foliar potassium application gave the best 
interaction in Vitamin C content. Leaf potassium and nitrogen contents were not significantly influence 
by different irrigation treatments. On the contrary, leaf phosphorus content increased when deficit 
irrigation was applied at 60% of ETo. Calcium and magnesium percentages markedly increased when 
irrigation applied at both 100 and 80 % of ETo. Foliar spray of potassium significantly surge leaf 
macronutrients contents except, magnesium element. The best interaction was noticed when water stress 
was applied at 60% of ETo with foliar application of potassium for N, P, K and Ca; while irrigation at 
100% of ETo without potassium spray gave the highest interaction for magnesium percent. In general, 
macronutrients interactions were not clear particularly in the second experimental seasons. 
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Introduction 
Citrus is grown worldwide in tropical and subtropical zones where there are proper climate, 

suitable soils and sufficient moisture. The cultivated range is between 40o N and 48o S Latitudes. Most 
of the commercial citrus is grown under Mediterranean or summer–rain climates. In Egypt, orange is 
the most important citrus crop. Navel oranges has the most significant importance for both local and 
export markets. 

Citrus trees must be grown under optimum level of irrigation water to obtain a better growth and 
fruit yield (Abd El-Messih et al., 1977; and Driusz, 1986). In this concern, water requirements differ 
considerably through growing season, soil type, tree variety, and rootstock type used. When a tree 
suffers from lack of water, its yield decreases even if it may recover after irrigation. Also, the main 
effect of water stress is to limit canopy development. A good relationship was found between canopy 
volume and yield (Levy et al., 1978b). During the fruit development stage, soil moisture is required to 
increase fruit size, while during the late stage of fruit maturation too much soil moisture reduces the 
accumulation of sugars and increases juice acidity.  

Nowadays, irrigation management is very important in Egypt due to the shortage in water 
resources as well as the expansion of citrus plantations in the newly reclaimed areas. Therefore it is 
necessary to determine the optimum amounts of water for citrus trees for maximum fruit yield. On 
sandy soil, Koo and Smajstria (1985) mentioned that the greatest yield of citrus occurred when about 
80% of the area under the tree canopy was irrigated. Abdel-Missih et al. (1977) concluded that 
vegetative growth of Washington navel orange trees and also the growth rate of fruit were generally 
enhanced by the addition of more water. Severe water stress decreased yield and fruit quality, while 
irrigation at 2/3 available soil moisture gave the best results. On the other hand, minimizing or 
maximizing irrigation level causes a negative effect on flowering, fruit setting yield and fruit quality 
(Levy, 1978). Unfortunately, the Egyptian citrus growers are accustomed to overirrigate trees which 
creates different problems to trees productivity and to the soil as well, especially under surface irrigation 
system. Thus, adoption of drip irrigation system has expanded further especially at the regions with 
limited water resource such as the newly reclaimed soils. 

Optimizing the amounts of irrigation water not only reduce productivity costs, but also help to 
meet the environmental regulation due to reducing the leaching of nutrients into ground water (Hanks, 
1983). Under optimum level of soil moisture content, water distribution in plant tissues occurs at a level 
very suitable for growth development and fruiting (Mpelasoka et al., 2001). Ali and Gobran (2002) 
reported that the irrigation when 50% of available soil moisture is depleted combined with potassium 
foliar application improves vegetative growth and water use efficiencies of Washington navel orange 
trees. 

Scheduling irrigation is the main factor in improving irrigation, tree productivity and water use 
efficiencies. In addition, water deficit stress has been shown to affect many physiological processes, for 
example, stem and leaf water potential (Ortuno et al., 2006; and Sayan and Junjira, 2008), trees growth 
(Acevedo et al., 1971), CO2 assimilation and sugar accumulation (Robinson et al., 1988) and tree 
productivity (Bradford and Hsiao, 1982). Thus, one of the best approaches to achieve good water 
management program is to estimate the suitable citrus tree water requirements. Previous studies of 
deficit irrigation on citrus trees have reported reductions in both tree water and nutritional status, 
decreases in vegetative growth and yield and change in fruit quality depending on the severity of the 
water stress and on the phonological stage of vegetative and reproductive growth when deficit irrigation 
was applied (Romero et al., 2006). Osmotic adjustment mechanisms resulting from the accumulation 
of compatible solutes (such as proline, glycine betaine, organic acids, sugars as mannitol and sucrose) 
in the cytoplasm are essential for the maintenance of tree water potential, and for continued growth to 
be achieved during water deficit (Ingram and Bartels, 1996). Proline (PRO) acts as a compatible 
osmolyte since it can accumulate up to high concentrations without damaging cellular macromolecules. 
Proline can also serve as a nitroge carbon source in the cell (Verbruggen et al., 1996). Moreover, PRO 
has a protective action which prevents membrane damage and protein denaturation during severe 
drought stress or deficit stress (Adriano Sofo et al., 2004; and Ain-Lhout et al., 2001).  
Regarding with effects water stress on physical and chemical fruit characteristics that increased plant 
water stress during summer did not affect physical characteristics of Marsh grapefruit, although it 
affected the internal quality Levy et al. (1979). Besides El-Borary et al. (1995) using Washington navel 
orange, found that juice percent of fruits recorded an increase with increasing irrigation water level. In 
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addition, Panigrahi et al. (2012) reported that the application of optimum quantity of water through drip 
irrigation at 80% ETc could impose desirable water stress on Nagpur mandarin plants, improving their 
yield and fruit quality without producing the higher vegetative growth. It seemed that spray applications 
of potassium did not have significant effects on fruit quality parameters including both peel and juice 
percentages Miller et al. (1998). Moreover, Ali and Gobran (2002) on Washington navel orange; found 
that foliar spray with potassium at 2% significantly increased fruit and pulp weights under medium 
moisture stress level. Romero et al. (2006) on mandarin trees, reported that fruits from deficit irrigation 
(DI) trees had higher juice percent, but lower pulp percent. 

The main goals of this study were to assess the effect of deficit irrigation and foliar potassium 
spray treatments on vegetative growth parameters (shoot number/branch and shoot length/branch), leaf 
area index, leaf water potential, leaf proline content, physical fruit parameters (length, diameter, weight, 
pulp %, rind%, and juice%), chemical fruit parameters (TSS, acidity%, vitamin C contents, and 
TSS/acidity ratio), and leaf mineral contents. 
 
Materials and Methods 
 

The present study was carried out in a private orchard farm (30 ͦ 50״44.35 ׳ N 30 ͦ 26״13.32 ׳ E, and  
3.35 m above mean see level)at Hamour village, El-Bustan area El-Behiera governorate, Egypt during 
the three successive years of 2016, 2017 and 2018 on twenty five years old navel orange trees (Citrus 
sinensis, L.) budded on sour orange rootstock grown in sandy soil. The main goals of this study was to 
assess the effect of deficit irrigation and foliar potassium spray treatments on vegetative growth 
parameters (shoot number/branch and shoot length/branch), leaf area index, leaf water potential, leaf 
proline content, physical fruit parameters (length, diameter, weight, pulp %, rind%, and juice%), 
chemical fruit parameters (TSS, acidity%, vitamin C contents, and TSS/acidity ratio), and leaf mineral 
contents. 
 
Soil samples from two depths (0-30 and 30-60cm) were collected to determine the main physical and 
chemical characteristics of the soil at the experimental site (part A of this paper). 
 
Experimental design and tested treatments: 

A split plot design with four replicates was used to implement the field experiment. Three 
irrigation treatments represented the main plots, and two potassium treatments represented the sub-
plots. The tested treatments were as follow: 

 
Main plots (Irrigation): 
I1: irrigation with amounts of water equal to 100% ETo (as a control). 
I2: irrigation with amounts of water equal to 80% ETo. 
I3: irrigation with amounts of water equal to 60% ETo. 
 
Sub-plots (Potassium):  
K0: without foliar spry (control). 
K1: with foliar spry. 
 

Each tree received 5 liters of the spray solution, i.e. 30 g/tree of 1.0% concentration using 
commercial potassium product (60% K2O).  
 
Cultural practices: 

Twenty four navel orange trees (Citrus sinensis, L.) budded on sour orange rootstock, spaced at 
4 X 5m with total planting density of 210 trees fed-1, were selected to conduct the field experiments. 
The trees were 25-yr old, nearly uniform in vigor and size and received the same cultural practices 
usually adopted for growing orange at El-Bustan area according to the recommendations of Ministry of 
Agriculture and Land Reclamation, Egypt. 

The trees were irrigated daily with fresh water (from Nubaria Canal) using surface drip irrigation 
system. Irrigation treatments started in the second week of February and stopped after harvesting in 
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October of the three seasons. Minimum amounts of irrigation water were applied during the rest of the 
season. 
To achieve the goals of this research, the following measurements were done:  
 

I- Vegetative characteristics: 
 

A. Shoot number and shoot length per branch: 
Data of average shoot number per one branch and average length of 4 randomly selected 

vegetative shoots of each growth cycle on each tree was recorded during each growth cycle (Spring 
flush cycle, from Marsh to May; Summer flush cycle, from, May to August; and Autumn flush cycle, 
from August to November) of 2016, 2017 and 2018 seasons. 

 
B. Leaf Area Index (LAI): 

Five fully expanded mature leaves were selected randomly from each replicate in mid-December 
of each season and the leaf area index was measured by (Li- 3000 a PorTable Area Meter-Li-3050 A 
Belt Conveyer). 

 

II- Tree-water relations 
 

Leaf water Potential (Ψleaf): 
On September 8th of each season, three young leaves of the Spring flush (leaf No. 5 per shoot) 

were  selected from each experimental tree for leaf water potential measured by using a portable 
pressure chamber apparatus (Soil Moisture Equipment Corp., Santa Barbara, CA, USA). Measurements 
were conducted before sunrise on the selected leaves from each treatments. 

  

III- Fruit quality determination: 
At harvest time (December, 21) of the three seasons, 10 fruits were randomly selected from each 

tree for different fruit physical and chemical measurements. In each fruit, length, diameter, weight, pulp 
and peel percentages and fruit juice % were recorded and averages were calculated. Total soluble solids 
content (TSS) in fruit juice was determined by hand refractometer. Acidity, as citric acid percent and 
vitamin C content in the juice were determined according to (A.O.A.C, 1995). 
 

IV- Tissue analysis: 
Leaf samples of 20-30 full-expanded mature leaves were taken from non-fruiting shoots of the 

Spring growth flushes. The selected leaves were collected from all over the circumferences of each tree. 
Leaf samples were collected in November of each season. These samples were washed with tap water, 
rinsed three times in distilled water, oven dried at 65–70 oC  to a constant weight and grounded to 20 
mesh size. Leaf samples were used for proline amino-acid and nutrients determination. For proline 
determination; 0.2 gm of the grounded dry material was used for proline extraction using the procedure 
described by Marin et al. (2010) and Naquvi et al. (2002) and calorimetrically determined at wave 
length 520 nm. For total nitrogen, phosphorus, potassium, calcium and magnesium determination, 0.3 
gm of the grounded dry material was digested with sulphuric acid and hydrogen peroxide as outlined 
by Evenhunis and DeWaard (1980). In the digested solution of each sample, total nitrogen and 
phosphorus were colorimetrically determined according to Evenhunis (1976) and Murphy and Riky 
(1962). Potassium was measured against a standard curve using Carlzesis Jena Flame photometer. 
Calcium and magnesium were determined by the versenate method using eirochrom blak T and 
ammonium purpurate indicator for calcium plus magnesium and calcium, respectively (Cheng and 
Bray, 1951). 
 
Statistical analysis: 

The collected data were statistically analyzed using split plot design according to Snedecor and 
Cochran (1990). Averages were compared using the least significant difference (LSD) at 5% probability 
level. 
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Results and Discussion 

 
I- Influence of deficit irrigation and potassium foliar application and their interactions on 

vegetative growth parameters of Washington navel orange trees: 
Results in Table (1) indicated, in general, that deficit irrigation at 60% ETo significantly 

decreased vegetative growth (shoot number/branch and shoot length/branch) of Spring, Summer and 
Autumn flushes when compared to the 80% and 100% ETo (control treatment). This result held true 
during three seasons of the study; except during the summer flush of 2017 season.  

As for the effect of foliar spray with potassium on vegetative shoots number and shoot length 
during growing seasons; in most cases, foliar application of potassium had no significant effect on the 
studied vegetative growth during Spring, Summer and Autumn flushes.  

The interactions among deficit irrigation rates and foliar application of potassium generally 
revealed in the three seasons that, deficit irrigation treatment at 60% ETo and K0 followed by 60% ETo 
and K1 gave the lowest values for vegetative shoot number/branch and shoot length/branch of Spring, 
Summer and Autumn flushes. From the obtained results, it could be concluded that, the combined effect 
of I1 (100% ETo) and K1 (with foliar application) significantly improved the tested vegetative growth 
parameters (number of shoots/branch and shoot length/branch). In case of water shortage the application 
of I2 (80% ETo) and K1 (with foliar application) will save water with minimum effect on growth 
parameters.    

These results were in line with those reported by Abdel-Missih et al. (1977) who concluded 
that vegetative growth of Washington navel orange trees and also the growth rate of the fruit were 
generally enhanced by the addition of more water. Results were close to those reported by Gonzalz-
Altozano and Castel (2000) and Romero et al. (2006), who reported that deficit irrigation on citrus trees 
reduced plant water status, physiological processes, gas exchange activity and decreased of vegetative 
growth depending the seveity of the water stress. El-Tanany et al. (2011) reported that holding irrigation 
for 30 or 60 days of lime trees, led to the lowest values of shoot length with non-significant differences. 
Levy et al. (1978b) reported that the main effect of water stress was to limit canopy development. They 
found that during the first 20 years of orchard development; a good relationship between canopy volume 
and yield of `Marsh ` grapefruit. They concluded that, as tree reach full size, excessive growth that 
induced by intensive irrigation and fertilization can led to decreased yields, mainly because of shading 
and the need for sever heading. Goell et al. (1981) found that controlling water stress can be used to 
limit canopy development or to reduce vegetative growth flushes. Similarly, Hilgeman and Sharp 
(1970) stated that vegetative growth in citrus is highly sensitive to drought and can be reduced by 
drought more than fruit growth.  

 
Influence of deficit irrigation and potassium foliar application and their interactions on leaf water 
potential, stress index and leaf proline content of Washington navel orange trees.  

The results in Table (2) concerning the effect of deficit irrigation treatments on leaf water potential 
during the three seasons revealed generally that, deficit irrigation treatments at both 60 and 80% ETo 
had significantly higher leaf water potential values as compared with the control treatment (100% ETo). 
As for foliar application with potassium, the results showed that leaf water potential were not affected 
by foliar spray of potassium and the differences were insignificant during experimental seasons of the 
study. The interactions among different irrigation and foliar application with potassium presented in 
Table (2) indicated, in general, that deficit irrigation at 60% of ETo with or without foliar spray of 
potassium gave the highest interaction values with significance differences for leaf water potential 
followed by irrigation at 80% ETo when compared to irrigation at 100% ETo. The obtained results 
agreed with those of Mavia Gasque et al. (2016) working on Navelina orange trees. They found that the 
lowest leaf water potential (Ψleaf ) values occurred at the end of the water deficit period and with the 
most stressed treatment which ranged from – 1.6 MPa to – 2.5 MPa. 

Results of the effect of tested treatments on average leaf area generally indicted that, water 
deficit treatments at either 100% or 80% ETo, during second and third seasons significantly achieved 
the highest leaf area as compared to deficit irrigation at 60% ETo. While, in the first season, leaf area 
of irrigation treatment at 100% ETo was significantly higher than those of irrigation at 80 and 60% ETo 
(Table 2). Leaf area index values for the deficit irrigation at 60% ETo, in three seasons, were 
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Table 1: Effect of deficit irrigation, potassium foliar application and their interactions on vegetative growth (average shoot number/branch, shoot length/branch) 
through Spring, Summer and Autumn flashes of Washington navel orange trees during 2016, 2017 and 2018 seasons.  

Treatments 

First Season (2016) Second Season (2017) Third Season (2018) 

Vegetative  shoots 
of  spring flushes 

Vegetative  shoots 
 of   summer  flushes 

Vegetative  shoots  
of   autumn  flushes 

Vegetative  shoots 
of  spring flushes 

Vegetative  shoots  
of   summer  flushes 

Vegetative  shoots 
of   autumn  

flushes 

Vegetative  shoots 
of  spring flushes 

Vegetative  shoots 
of   summer  

flushes 

Vegetative  shoots  
of   autumn  flushes 

Shoot 
number 
/branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number / 
branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number 
/branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number / 
branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number 
/branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number / 
branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number / 
branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number 
/branch 

Shoot 
length 
(cm)/ 

branch 

Shoot 
number / 
branch 

Shoot 
length 
(cm)/ 

branch 

Main effect (Irrigation): 

I1: 100% ETo 75.81 a 11.67 a 15.50 a 18.44 a 14.31 a 23.37 a 72.44 a 12.60 a 15.63 a 17.01 a 18.06 a 16.55 a 74.15 a 12.14 a 14.96 a 17.73 a 16.21 a 18.95 a 

I2: 80% ETo 64.06 ab 11.78 a 14.75 ab 17.28 a 14.75 a 19.53 a 78.06 a 11.14 b 15.50 a 14.61 ab 21.06 a 15.52 ab 73.59 a 11.46 a 15.23 a 15.95 b 17.86 a 17.53 a 

I3: 60% ETo 58.13 b 8.58 b 12.75 b 13.66b 7.00 b 12.83 b 55.19 b 8.08 c 14.00 a 12.47 b 7.19 b 13.16 b 54.18 b 8.33 b 12.70 b 13.07 c 7.11 b 13.13 b 

L.S.D at 0.05 15.31 1.69 2.59 3.33 4.91 4.92 10.39 1.41 ns 3.06 4.02 2.71 12.26 1.22 2.06 1.70 4.42 4.01 

Sub effect (Potassium sprays): 

K0: without 
potassium 

61.50 a 11.42 a 14.92 a 15.94 a 13.63 a 18.75 a 58.08 b 11.29 a 16.83 a 14.65 a 15.67 a 14.02 a 73.13 a 11.36 a 15.65 a 15.31 a 14.66 a 15.79 a 

K1: with potassium 70.50 a 9.93 b 13.75 a 16.98 a 10.42 a 18.40 a 79.04 a 9.93 b 13.25 b 14.74 a 15.21 a 16.14 a 61.48 b 9.93 b 12.94 b 15.86 a 12.79 a 17.28 a 

L.S.D at 0.05 ns 1.38 ns ns ns ns 8.48 1.15 3.55 ns ns ns 10.01 1.00 1.69 ns ns ns 

Irrigation × Potassium 

I1 × K0 71.50 a 12.77 a 16.00 a 18.32 ab 12.00bc 19.96abc 61.50 b 14.57 a 16.63 a 17.31 a 17.38 b 16.47 a 76.48 ab 13.67 a 16.33 a 17.82 a 14.70 b 16.17 abc 

I2 × K0 64.13 ab 12.79 a 14.50 ab 16.15abc 20.50 a 23.02ab 78.75 a 10.91 b 18.50 a 13.51abc 23.25 a 15.91 b 66.53 ab 11.85 ab 14.98 ab 14.65 bc 21.90 a 17-95 ab 

I3 × K0 48.88 b 8.71 b 14.25 ab 13.35 c 8.38 c 13.27 c 34.00 c 8.40 c 15.38 a 13.13 bc 6.38 c 9.66 c 41.45 c 8.55 c 13.60 b 13.45 c 7.39 cd 11.72 c 

I1 × K1 80.13 a 10.58 ab 15.00 a 18.56 a 16.63ab 26.78 a 83.38 a 10.64 b 14.63 ab 16.71 ab 18.75 ab 16.63 a 81.78 a 10.62 b 15.65 ab 17.64 a 17.73 ab 21.73 a 

I2 × K1 64.00 ab 10.77 ab 15.00 a 18.41 a 9.00 c 16.04bc 77.38 a 11.38 b 15.63 a 16.09 ab 18.88 ab 15.13 b 70.70 ab 11.07 b 15.48 ab 17.25 ab 13.83 bc 15.59 abc 

I3 × K1 67.38 ab 8.46 b 11.25 b 13.96 bc 5.63 c 12.38 c 76.38 a 7.76 c 9.50 b 11.43 c 8.00 c 12.66 a 61.90 b 8.11c 9.75 c 12.70 c 6.83 d 14.53 bc 

L.S.D at 0.05 20.19 2.65 3.31 4.38 7.40 7.66 14.83 1.85 5.68 4.15 5.58 3.51 15.85 1.82 2.68 2.81 6.54 6.49 

Means within a column with the same letter are not significantly different. 
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Table 2: Effect of deficit irrigation, potassium foliar application and their interactions on leaf water potential, average leaf area index and prolin content of 

Washington navel orange trees during 2016, 2017 and 2018 seasons. 
 
 

Treatments 

First Season (2016) Second Season (2017) Third Season (2018) 

Leaf water  
potential 

(MPa) 

Leaf area 
 index  

Leaf proline 
content 
(ppm) 

Leaf water  
potential 

MPa 

Leaf area 
 index  

Leaf 
proline 
content 
(ppm) 

Leaf water 
potential 

MPa 

Leaf Area 
Index  

Leaf proline 
content 
(ppm) 

Main effect (Irrigation): 
I1: 100% ETo - 2.25 b 18.59 a 0.72 a - 2.50 b 20.11 a 0.48 b -2.40 b 18.24 a 0.57 b 
I2: 80% ETo - 2.58 a 15.21 b 0.66 a - 2.52 b 19.13 a 0.62 b -2.70 a 19.24 a 0.64 b 
I3: 60% ETo - 2.57 a 11.29 c 0.95 a - 2.77 a 14.56 b 0.95 a -2.70 a 17.25 a 0.96 a 
L.S.D at 0.05 - 0.22 3.18 ns -0.23 3.25 0.15 -0.12 ns 0.26 
Sub effect (potassium sprays): 
K0: without potassium - 2.39 a 14.94 a 0.54 b - 2.65 a 18.05 a 0.57 b -2.50 a 19.22 a 0.55 b 
K1: with potassium - 2.55 a 15.12 a 1.01 a -2.54 a 17.82 a 0.79 a -2.60 a 17.26 b 0.90 a 
L.S.D at 0.05 ns ns 0.29 ns ns 0.12 ns 1.89 0.21 
Irrigation  × Potassium Sprays 
I1 × K0 - 2.16 c 17.10 ab 0.50 bc -2.49 ab 20.58 a 0.40 c -2.40 c 19.00 ab 0.40 d 
I2 × K0 - 2.59 ab 15.05 bc 0.34 c -2.68 ab 18.69 abc 0.57 bc -2.70 ab 20.35 a 0.46 cd 
I3 × K0 - 2.41 bc 12.69 cd 0.79 abc -2.82 a 14.87 bc 0.75 b -2.60 ab 17.91 ab 0.80 abc 
I1 × K1 - 2.34 bc 20.07 a 0.94 ab -2.50 ab 19.65 ab 0.55 bc -2.50 bc 17.47 b 0.75 bc 
I2 × K1 - 2.27 ab 15.37 bc 0.98 a -2.48 b 19.56 ab 0.67 b -2.70 ab 17.72 ab 0.82 ab 
I3 × K1 - 2.74 a 9.90 d 1.11 a -2.88 a 14.25 c 1.155 a -2.80 a 16.59 b 1.13 a 
L.S.D at 0.05 - 0.30 4.37 0.47 -0.31 4.84 0.25 -0.23 3.14 0.34 
Means within a column with the same letter are not significantly different. 
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significantly lowest values as compared with the other irrigation treatments. As for the impact of foliar 
spray with potassium on average leaf area, the results showed that no significant differences for foliar 
potassium spray on leaf area were noticed throughout the study. Regarding the interactions among 
deficit irrigation and potassium foliar spray treatments on average leaf area (Table 2), results indicated 
that leaf area index values were significantly higher for the I1 x (K1 or Ko) treatments as compared with 
the other treatments. While, the leaf area index values were significantly lower for the I3 x (K1 or Ko) 
treatments when compared to the other treatments. These results are in agreement with those reported 
by El-Boray et al. (1995) and Abd El-Messih et al. (1977) using Washington navel orange trees. They 
reported that deficit irrigation reduced canopy width, leaf size, tree height and trunk diameter. Likewise, 
Ali and Gobran (2002) reported that with increasing soil moisture, tree canopy and leaf area increased. 
Panigrahi et al. (2012) stated that, lower growth performance including leaf area of mandarin trees 
under deficit irrigation (DT) at 40% ETc due to higher water stress caused by lower soil water 
availability in root zone. They concluded that all growth characteristics increased with increasing 
irrigation level. Moreover, Ali and Gobran (2002) studied the effect of soil moisture regimes (25, 50 
and 75% depletion, or wet, medium and dry, respectively, with foliar potassium spray at 2% K2SO4 on 
Washington navel orange performance. They found that with increasing soil moister growth 
characteristic increased, especially leaf area and tree canopy and concluded that potassium spray 
application improved growth and fruit characters. 

Results concerning the influence of deficit irrigation and foliar application with potassium and 
their interaction on leaf proline content are presented in Table (2). The results revealed that, deficit 
irrigation at 60% ETo significantly raised leaf content of proline amino acid as compared to other deficit 
irrigation treatments, especially in second and third seasons. As for the effect of foliar spray of 
potassium on leaf proline content, results showed that foliar potassium spray significantly increased 
leaf proline concentration compared with the control treatment (without potassium spray). This result 
held true during the three seasons of the study. The interactions among deficit irrigations treatments and 
foliar potassium spray indicated that, the interaction between deficit irrigation at 60% followed by 
irrigation at 80% ETo with foliar application of potassium gave significant interaction effect on leaf 
proline content. Similarly, irrigation at 60% without potassium spray, gave the same trend when 
compared to the other interactions. On the other hand, the interactions between deficit irrigation 
treatment at 100% ETo (control treatment) without foliar K spray, gave significantly the lowest 
interaction values of leaf proline content through the three seasons of the study. These results generally 
confirmed those previously recorded by Adrian et al. (2004) using olive trees (olea europaea L). They 
reported that the levels of proline (PRO) increased in parallel with the severity of drought stress in both 
leaves and roots. They concluded that, the accumulation of PRO could be used as an index of drought 
stress in olive trees. 

 
Influence of deficit irrigation, foliar potassium application and their interactions on physical fruit 
properties: 

Results shown in Table (3a) indicated that, fruit length and diameter did not significantly differ 
through the first two seasons of study, while in the third seson fruit diameter obtained from irrigation 
treatment at 80%ETo was significantly higher than that of the control treatment (100% ETo). 
Concerning the effect on fruit weight, the results revealed that irrigation at 60% ETo markedly produced 
the lowest values when compared with irrigation at both 100% and 80% ETo and the differences were 
significant, particularly in the second and the third seasons of the study.  

As for the effect of foliar application with potassium on fruit length and diameter, the results 
indicated that foliar spraying treatment did not affect these parameters, especially in the second season, 
but the differences were insignificant with the same values recorded under Ko treatment. Similar results 
were also obtained for fruit weight as that of fruit length and diameter and the differences were not high 
enough to be significant; especially in 2017 and 2018 seasons, but the difference was significant in 2016 
season. 

Concerning the interactions among deficit irrigation with foliar K sprays, the results revealed 
that irrigation rate at 80% ETo and Ko treatment recorded significant interaction values for fruit length 
and diameter during the first and third seasons when compared with other interactions. On the contrary, 
in the second season, the interactions among all irrigation treatments with or without foliar K sprays 
were not significant. Regarding the interactions of fruit weight; deficit irrigation at 80% or 100% ETo 
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Table 3a: Effect of deficit irrigation, foliar application of potassium and their interactions on physical fruit properties of Washington navel orange trees during 2016, 2017 and 
2018 seasons.  

Treatments 

First Season (2016) Second Season (2017) Third Season (2018) 

Fruit length 
(cm) 

Fruit 
diameter 

(cm) 

Fruit 
 weight (g) 

Fruit length 
(cm) 

Fruit diameter 
(cm) 

Fruit weight 
 (g) 

Fruit length 
(cm) 

Fruit diameter 
(cm) 

Fruit weight  
(g) 

Main effect (Irrigation): 
I1: 100% ETo 7.47 a 6.98 a 223.13 a 7.64 a 7.26 a 242.50 a 7.56 a 7.12 b 231.10 ab 
I2: 80% ETo 7.55 a 7.21 a 250.00 a 7.56 a 7.25 a 240.63 a 7.62 a 7.33 a 249.73 a 
I3: 60% ETo 7.36 a 7.09 a 221.88 a 7.50 a 7.31 a 198.44 b 7.43 a 7.20 ab 223.63 b 
L.S.D at 0.05 ns ns ns ns ns 30.73 0.34 0.19 24.27 
Sub effect (potassium sprays): 
K0: without potassium 7.72 a 7.25 a 248.75 a 7.65 a 7.33 a 217.29 a 7.69 a 7.39 a 244.33 a 
K1: with potassium 7.20 b 6.94 b 214.58 b 7.49 a 7.21 a 237.08 a 7.34 b 7.04 b 225.31 a 
L.S.D at 0.05 0.46 0.31 26.13 ns ns ns 0.28 0.16 ns 
Irrigation × Potassium 
I1 × K0 7.40 ab 6.98 ab 236.25 ab 7.62 a 7.34 a 240.63 a 7.51 ab 7.17 bc 235.35 ab 
I2 × K0 8.05 a 7.32 a 268.75 a 7.64 a 7.15 a 250.00 a 7.84 a 7.52 a 261.30 a 
I3 × K0 7.72 ab 7.45 a 241.25 ab 7.71 a 7.51 a 161.25 b 7.72 a 7.48 ab 236.33 ab 
I1 × K1 7.55 ab 6.99 ab 210.00 b 7.67 a 7.18 a 244.38 a 7.61 ab 7.08 c 226.85 b 
I2 × K1 7.06 b 7.10 ab 231.25 ab 7.49 a 7.35 a 231.25 a 7.39 ab 7.13 c 238.15 ab 
I3 × K1 6.99 b 6.72 b 202.50 b 7.30 a 7.11 a 235.63 a 7.15 b 6.92 c 210.93 b 
L.S.D at 0.05 0.79 0.53 41.06 ns ns 39.81 0.47 0.33 32.50 

Means within a column with the same letter are not significantly different.  
 

Table 3b: Effect of deficit irrigation, foliar application of potassium and their interactions on physical fruit properties (pulp %, rind %, juice %) of Washington navel orange 
trees during 2016, 2017 and 2018 seasons.  

Treatments First Season (2016) Second Season (2017) Third Season (2018) 
Pulp %  Rind % Juice % Pulp %  Rind % Juice % Pulp %  Rind % Juice % 

Main effect (Irrigation): 
I1: 100% ETo 78.45 a 21.38 a 25.22 a 78.62 a 20.39 a 25.90 a 79.61 a 21.83 a 25.61 a 
I2: 80% ETo 76.77 a 24.98 a 22.57 a 75.02 a 21.53 a 22.27 b 78.48 a 23.23 a 22.00 a 
I3: 60% ETo 77.7 a 24.25 a 25.35 a 75.75 a 21.19 a 22.10 b 78.81 a 22.93 a 22.60 a 
L.S.D at 0.05 ns ns ns ns ns 3.34 ns ns ns 
Sub effect (potassium sprays): 
K0: without potassium 78.66 a 22.25 a 21.90 a 77.76 a 20.50 a 217.29 a 79.50 a 21.85 a 22.44 a 
K1: with potassium 76.52 a 24.83 a 26.86 a 75.17 a 21.57 a 237.08 a 78.43 a 23.48 a 24.37 a 
L.S.D at 0.05 ns ns ns ns ns ns ns ns ns 
Irrigation × Potassium 
I1 × K0 80.81 a 20.53 b 22.43 ab 79.48 a 20.29 a 25.59 a 79.71 a 20.74 b 24.11 ab 
I2 × K0 79.41 ab 21.16 b 22.56 ab 78.84 a 20.33 a 21.34 a 79.67 a 20.59 b 20.85 b 
I3 × K0 75.77 ab 25.05 ab 20.72 b 74.95 ab 20.88 a 23.04 a 79.12 a 24.23 ab 22.38 ab 
I1 × K1 77.08 ab 22.24 ab 28.01 ab 77.76 ab 20.49 a 26.22 a 79.51 a 22.92 ab 27.11 a 
I2 × K1 74.13 b 28.81 a 22.57 ab 71.20 b 22.72 a 23.21 a 77.28 a 25.87 a 23.17 ab 
I3 × K1 75.77 ab 23.45 ab 29.99 a 76.56 ab 21.50 a 21.16 a 78.50 a 21.64 ab 22.83 ab 
L.S.D at 0.05 5.30 7.49 8.77 7.49 ns ns ns ns 6.18 

Means within a column with the same letter are not significantly different. 
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with or without foliar K sprays during the three seasons were statistically significant compared to other 
interactions. 

The obtained results generally agreed with those reported by Romero et al. (2006), who 
reported that fruit quality was little affected by rootstock; although it was improved by sever water 
stress in phase ӀӀӀ clemenules mandarin fruits. Levy et al. (1979) stated that, increased plant water stress 
during summer did not affect the characteristics of Marsh grapefruit; although it affected the internal 
quality. Maria et al. (2016) found that regular deficit irrigation (RDI) treatments in the summer showed 
no differences in fruit length and its diameter as were found in fruit length and its diameter as well as 
in average fruit weight of Navelina orange trees. Moreover, the fruit size was very acceptable. They 
concluded that no significant differences were found in comparison to the control in any of the study 
fruit quality parameters under deficit irrigation treatments. Moreover, Levy et al. (1979) using Marsh 
grapefruit, found that shortening the interval between irrigation from 40 to 21 days increased grapefruit 
size. Conversely, many investigators such as Castel and Buj (1990) and Heller et al. (1973) reported 
that water deficit in citrus usually resulted in smaller harvest fruit size. 
 Our results proved that foliar potassium sprays did not markedly affect fruit size and its weight 
this agreed with what was reported by Miller et al. (1998) using Midnight Valencia orang and Robyn 
Navel in South Africa. They found that spray applications of potassium fertilizers did not significantly 
affected fruit quality parameters including size. 
 Regarding the effect of deficit irrigation treatments on the percentages of fruit pulp, peel and 
juice, the results generally were not significantly different due to different water deficit treatments 
through the three experimental seasons. The only exceptional case from this trend was fruit juice 
percentage which was significantly different for the 60 and 80% ETo than the 100% ETo treatment.  
 As for the influence of foliar potassium sprays on pulp %, peel % and juice %, the results 
revealed that foliar potassium sprays did not significantly affect those fruit physical parameters.  
 The results concerning the interactions among different water stress treatments and foliar 
application with potassium on fruit pulp, rind and juice percentages indicated in general that, no 
significant differences were noticed among different stress treatment for fruit peel and juice percent in 
Washington navel orange fruits especially in the 2nd and 3rd seasons. In the meantime, in the third season, 
the interaction was significant for fruit juice percentage, at irrigation rate 100% ETo with foliar K, gave 
significantly the highest interaction compared to the other interactions. However, in the first season, the 
interactions among irrigation treatments at either 100 or 80% with or without potassium spray were 
statistically significant in fruit pulp, rind and juice percentages   
 The results obtained seemed to be in general agreement with those reported by Levy et al. 
(1979), using Marsh grapefruit, El-Borary et al. (1995) on Washington navel orange, Miller et al. (1998) 
using Midnight Valencia orange and Robyn Navel, Ali and Gobran (2002) on Washington navel orange, 
Romero et al. (2006) on mandarin trees and Panigrahi et al. (2012) working on Nagpur mandarin. 
 
Effect of deficit irrigation and foliar application with potassium and their interactions on 
chemical fruit properties (total fruit soluble solids, acidity, and vitamin C contents): 
 As for total fruit soluble solids and acidity content, results in Table (4) indicated generally that, 
there were insignificant effects by different deficit irrigation treatments; except in the second and third 
seasons as deficit irrigation treatment 60% ETo significantly decreased both acidity and total soluble 
solids values when compared to the control (100% ETo). Concerning the effect of foliar potassium 
sprays on total soluble solids and acidity, the results indicated that no significant differences were 
detected. The TSS and acidity values for K1 treatment were slightly higher than those of the Ko 
treatment. The interactions among different deficit irrigation treatments and foliar potassium application 
on total soluble solids were only significant in the 3rd season as the highest value of 13.33 was recorded 
for the I2 X Ko and  I1 X K1 treatments and lowest value of 12.45 was recorded for the I3 X K1 treatment. 
For acidity interactions, irrigation stress at 60% ETo with or without foliar potassium spray, during the 
first and second seasons, gave markedly the lowest interactions. Conversely, irrigation at 100% or 80% 
ETo with or without foliar potassium sprays resulted in highest significant interactions (Table 4). The 
obtained results are in line with those reported by Romero et al. (2006), who found that fruit from deficit 
irrigation treatment of clemenules mandarin trees on "Carrizo", rootstock had significantly decreased 
total soluble solids content. The reduction in fruit TSS content may be the result of decreased synthesis 
organic solutions, rather than a concentration effect in water-stressed trees. Moreover, the decrease in 
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TSS of fruit from deficit irrigation trees was probably due to consuming organic solution, implicating 
osmotic adjustment and also slight reduce fruit juice volume. In addition, Barry et al. (2004) stated that 
the timing and severity of water deficit have important effect on juice quality in citrus. Hussien et al. 
(2013) on Washington navel orange trees, reported that bubbler irrigation system effectively reduced 
the percentages of total soluble solids and juice acidity compared to surface irrigation system, improved 
water use efficiency and saving 50.1% of irrigation water. Likewise, Panigrahi et al. (2012) using 
Nagpur mandarin, found that fruit quality (juice content, acidity and total soluble solids) showed 
increases with increasing irrigation level from 40% ETc to 100% ETc with drip irrigation.  On the 
contrary, Cruse et al. (1982), Koo and Smajstrla (1985) and Levy et al. (1978 and 199) found that water 
shortage causes increased concentration of TSS in citrus fruit juice. They added that drought causes 
increases in citrus juice acidity. 
 Concerning the foliar potassium sprays; our results proved that potassium spray did not 
markedly effect fruit total soluble solids or acidity percentages through the experiment. Similar results 
were reported by Miller et al. (1998) using Midknight Valencia and Robyn Navel. They found that 
spray application of potassium fertilizers on fruit quality did not significantly affect fruit quality 
including size, TSS, acidity and Brix.  
 Results concerning the effect of water deficit treatments on fruit ascorbic acid contents of 
Washington navel orange are shown in Table(4). There were significant effects in the 1st and 2nd seasons. 
The results revealed that water stress at 60% ETo significantly reduced of fruit vitamin C content when 
compared to irrigation at 100% (control treatment) which produced significant highest vitamin C 
content. The mean values of ascorbic acid were 37.94 and 38.44 for irrigation at 60% and were 45.58 
and 44.15 for the 100% ETo in the first and second seasons, respectively. Regarding the effect of foliar 
sprays of potassium on vitamin C content in fruit juice; results in Table (4) indicated that fruit vitamin 
C content was not significantly affected by foliar application with potassium during 2016 and 2018 
seasons of study. Meanwhile, in 2017 season, foliar potassium spray significantly increased vitamin C 
concentration fruit juice compared to the control. As for the effect of interactions among different 
irrigation treatments with foliar application of potassium presented in Table (4), results indicated that 
the interactions between irrigation at 100% ETo (I1) with foliar potassium spray  (K1) followed by 
irrigation treatment at 80% (I2) without foliar potassium spray (Ko) in the first and second seasons, 
produced significantly higher vitamin C concentrations and gave the highest values when compared 
with other interactions. In the third season, the interactions were not statistically significant. Zaghloul 
and Moursi (2017) on Navel orange trees, reported that vitamin C content gave the highest values when 
the trees irrigated with I2 (Irrigation at 100% of EP) or moderate irrigation compared with the lowest 
values of control fruits (Io) during both seasons of the study. 

As for the TSS/Acidity ratio, the results clearly indicated that the values of TSS/acidity ratio 
did not significantly affected by different irrigation treatments in the first and third seasons. Water stress 
at 60% ETo significantly increased of TSS/acidity ratio compared to other irrigation treatments in the 
second season. Similarly, foliar potassium spray did not significantly influenced TSS/acidity ratio 
during the second and third seasons of the study. However, TSS/acid ratio significantly decreased by 
foliar K spray, particularly in the first season (Table 4). The interaction between water stress treatments 
at 60% ETo without potassium application gave significantly the highest interaction especially in first 
and third seasons. However, in the second one, interaction between deficit irrigation at 60% ETo with 
foliar potassium spray gave the significantly the best intraction compared to other interactions. These 
results agreed with those of Hussien et al. (2013), who found that surface irrigation regimes (increased 
soil moisture), gave the highest significant value of ascorbic acid content of Washington navel orange 
compared with the method which induced the least significant value (Bubbler irrigation method) which 
reduced the irrigation water rates. Panigrahi et al. (2012) concluded that the application of optimum 
quantity of water through drip irrigation at 80% ETc was desirable water stress on Nagpur mandarin 
trees, improving their yield and fruit quality, without producing the higher vegetative growth. 

Moreover, Maria et al. (2016) discussed the effect of long-term summer deficit irrigation on 
Navelina orange trees. They reported that no significant differences were found in comparison to the 
control in any of the studied fruit quality parameters including peel %, vitamin C, juice %, titrable 
acidity (TA) % and total soluble solids % (TSS). Our results disagreed with the finding of Hilgeman 
and Sharp (1970) and Ali and Gobran (2002) on orange and Washington navel orange. They mentioned 
that higher applied water decreased TSS, total acidity and ascorbic acid contents. In addition, Naguib 
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Table 4: Effect of deficit irrigation, foliar application of potassium and their interactions on chemical fruit properties of Washington navel orange trees during 
2016, 2017 and 2018 seasons.  

Treatments 

First Season (2016) Second Season (2017) Third season 2018 
Total soluble 

solid  
(T.S.S) 

Acidity 
% 

Vitamin C  
(mg/100 ml 

juice) 

T.S.S/ 
Acidity 

Total 
soluble 

solid 
 (T.S.S) 

Acidity 
% 

Vitamin C  
(mg/100 ml 

juice) 

T.S.S/ 
Acidity 

Total 
soluble 
solid 

(T.S.S) 

Acidity 
% 

Vitamin C  
(mg/100 
ml juice) 

T.S.S/ 
Acidity 

Main effect (Irrigation):  
I1: 100% ETo 13.00 a 0.89 a 45.58 a 15.13 a 13.31 a 0.94 a 44.15 a 15.28 b 13.16 a 0.88 a 44.79 a 14.97 a 
I2: 80% ETo 12.81 a 0.79 a 42.66 ab 16.94 a 13.19 a 0.88 a 45.56 a 15.44 b 12.96 ab 0.84 a 45.70 a 15.76 a 
I3: 60% ETo 12.38 a 0.76 a 37.94 b 17.03 a 13.00 a 0.70 b 38.44 b 18.68 a 12.61 b 0.73 a 41.75 a 17.47 a 
L.S.D at 0.05 ns ns 5.97 ns ns 0.17 3.45 2.13 0.54 ns ns ns 
Sub effect (potassium sprays):  

K0: without potassium 12.58 a 0.75 a 41.05 a 17.55 a 13.13 a 0.88 a 40.33 b 16.05 a 13.03 a 0.79 a 40.69 a 16.57 a 
K1: with potassium 12.88 a 0.87 a 43.07 a 15.18 b 13.21 a 0.80 a 45.10 a 16.88 a 12.79 a 0.84 a 47.47 a 15.57 a 
L.S.D at 0.05 ns ns ns 2.34 ns ns 2.82 ns ns ns ns ns 
Irrigation × Potassium   
I1 × K0 13.00 a 0.79 ab 39.71 bc 17.18 ab 13.63 a 0.89 abc 37.31 bc 16.05 abc 13.00 ab 0.79 a 38.51 a 16.47 ab 
I2 × K0 12.63 a 0.79 ab 46.61 ab 16.80 ab 12.88 a 1.01 a 48.99 a 13.41 c 13.33 a 0.90 a 40.65 a 15.02 ab 
I3 × K0 12.13 a 0.68 b 36.82 c 18.68 a 12.88 a 0.73 bc 34.69 c 18.23 ab 12.78 ab 0.71 a 42.91 a 18.21 a 
I1 × K1 13.00 a 1.00 a 51.45 a 13.08 b 13.00 a 0.98 ab 50.98 a 14.05 abc 13.33 a 0.10 a 51.07 a 13.48 b 
I2 × K1 13.00 a 0.79 ab 38.70 bc 17.09 ab 13.50 a 0.75 bc 42.13 b 17.47 ab 12.60 ab 0.77 a 50.74 a 16.49 ab 
I3 × K1 12.63 a 0.83 ab 39.06 bc 15.37 ab 13.13 a 0.68 c 42.19 b 19.12 a 12.45 b 0.76 a 40.60 a 16.74 ab 
L.S.D at 0.05 ns 0.25 8.65 4.89 ns 0.26 5.09 4.64 0.85 ns 14.07 3.78 
Means within a column with the same letter are not significantly different 
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(1978) found that prolonged drought period increased total soluble solids in the juice of Balady orange 
fruits. He stated that, this effect might be attributed to moisture content of fruit in the unirrigated trees 
for long period so the TSS content was relatively high.  

Foliar spray with potassium sulphate at 2% under medium moisture stress level significantly 
increased fruit characters of Washington navel orange trees including ascorbic acid content. Potassium 
application improved growth and fruit quality (Ali and Gobran (2002)). 
 Miller et al. (1998) reported that potassium application on Midknight Valencia orange and 
Robyn navel did not significantly affect fruit quality. 
 
Effect of deficit irrigation treatments, foliar application with potassium and their interactions on 
leaf nutrients content: 
 Results in Table (5) generally revealed that, leaf nitrogen content was not significantly affected 
by different deficit water irrigation treatments, particularly in the first and third seasons. However, in 
the second one, irrigation shortage at 60% of ETo resulted in a higher leaf nitrogen content when 
compared to other treatments including the control (irrigated at 100%) with significance differences. 
Similar results were also obtained for leaf potassium content through the three experimental seasons of 
the study and the differences were insignificant. For leaf phosphorus content, seem to have the same 
behaviors as those of leaf nitrogen during the second season; e.i. deficit irrigation at the rate of 60% 
ETo; gave significantly the highest leaf phosphorus content compared with irrigation shortage 
treatments at either 80% or 100% ETo (as a control treatment). These results held true through the three 
experimental seasons of study. The mean values of phosphorus percentages under deficit irrigation 
treatment at 60% ETo were 0.43, 0.52 and 0.45 against the control which were 0.32, 37 and .035 % 
during 1st , 2nd and 3rd seasons, respectively. 
 Concerning the effect of water deficit treatments on leaf calcium and magnesium the results 
showed that leaf calcium concentrations, in the three experimental seasons, were markedly increased 
under water stress treatments at both 80% and 100% of ETo when compared to water deficit treatment 
60% of ETo; significant difference was existed. Similarly, when deficit irrigation treatment at 100% 
ETo (the control treatment) was conducted achieved significantly the most efficient treatment to 
increase leaf magnesium percentages compared with other deficit treatments (Table 5).  
 Regarding the effect of foliar potassium spray on leaf macronutrient percentages, results in 
Table (5) revealed that, foliar K sprays significantly increased leaf nitrogen, phosphorus and potassium 
during the three seasons of the study. Conversely, leaf calcium percentages were not affected by foliar 
potassium spray, while leaf magnesium markedly were reduced with foliar potassium spray and the 
differences were significant. 
 The interactions among different water deficit treatments and foliar application with potassium 
shown in Table (5) general, proved that all water stress treatments with foliar application of potassium, 
almost accounted for significantly the best interactions for leaf nitrogen, phosphorus and potassium in 
all seasons. On the other hand, irrigation at either 100 or 80% ETo without foliar sprays of potassium 
resulted in the highest interaction for leaf calcium and the differences were mostly significant. 
 The aforementioned results go along with those reported by Srivastava and Singh (2008) who 
found that nutrient composition of Nagpur mandarin leaves showed a different response to irrigation 
treatments. In addition, all the deficit irrigation reigns produced the higher concentrations of nitrogen, 
phosphorus and potassium percentages. They suggested that the higher leaf nitrogen, phosphorus and 
potassium were caused by higher tree uptake with increased availability of such nutrients in soil under 
deficit irrigation (DI). This increment in leaf nutrient concentrations was positively correlated with an 
increase in irrigation regime from 40% Ecp to 100% Ecp. They concluded that the amount of N, P and 
K in leafs was adequate in all the DI treatments. Likewise, Panigrahi et al (2012) on Nagpur mandarin 
trees, detected from leaf nutrient (N, P, K, FE, Mn, Cu and Zn) analysis that deficit irrigation (DI) 
resulted in significantly higher concentration of leaf macronutrients content. The application of 
optimum quantity of water through DI (80% Ecp) could impose desirable water stress on Nagpur 
mandarin trees, improving their yield and fruit quality without producing the higher vegetative growth. 
 Koo and Reese (1977) on Temple orange; reported that irrigation treatments showed no 
consistent trends on leaf macronutrients. Romero et al (2006) stated that leaf mineral nutrition was 
affected by both rootstock and irrigation treatment; deficit irrigation (DI) reduced leaf nitrogen, 
magnesium and calcium concentrations that leaf mineral contents (N, P and K) were not significantly 
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Table 5: Effect of deficit irrigation, foliar application of potassium and their interactions on the leaf mineral contents (N, P, K, Ca and Mg) of Washington 

navel orange trees during 2016, 2017 and 2018 seasons.  

Treatments 
First Season (2016) Second Season (2017) Third season 2018 

N % P % K % Ca % Mg % N % P % K % Ca % Mg % N % P % K % Ca % Mg % 

Main effect (Irrigation): 

I1: 100% ETo 2.41 a 0.32 b 1.14 a 5.10 ab 1.16 a 1.88 b 0.37 b 1.22 a 4.67 ab 1.35 a 2.15 a 0.35 b 1.18 a 4.89 a 1.26 a 

I2: 80% ETo 2.29 a 0.32 b 1.15 a 5.73 a 0.85 b 1.75 b 0.25 c 1.19 a 5.59 a 1.08 ab 2.02 a 0.29 b 1.17 a 4.59 a 0.97 b 
I3: 60% ETo 2.15 a 0.43 a 1.15 a 3.59 b 0.90 b 2.54 a 0.52 a 1.05 a 4.39 b 0.97 b 2.35 a 0.45 a 110 a 5.06 a 0.94 b 
L.S.D at 0.05 ns 0.05 ns 1.52 0.16 0.34 0.10 ns 1.05 0.36 ns 0.07 ns ns 0.20 
Sub effect (potassium sprays): 
K0: without potassium 1.94 b 0.30 b 1.06 b 4.42 a 1.00 a 1.69 b 0.32 b 1.07 a 5.06 a 1.38 a 1.82 b 0.29 b 1.07 b 4.74 a 1.19 a 

K1: with potassium 2.63 a 0.41 a 1.23 a 5.19 a 0.95 a 2.43 a 0.44 a 1.24 a 4.71 a 0.89 b 2.53 a 0.43 a 1.23 a 4.95 a 0.92 b 

L.S.D at 0.05 0.29 0.04 0.08 ns ns 0.28 0.08 ns ns 0.29 0.39 0.054 0.16 ns 0.16 
Irrigation × Potassium 
I1 × K0 2.28 bc 0.27 c 1.15 b 4.92 ab 1.18 a 1.44 b 0.34 bc 0.97 b 5.41 ab 1.69 a 1.86 bc 0.30 bc 1.06 ab 5.17 a 1.44 a 
I2 × K0 1.73 d 0.27 c 1.14 b 4.96  ab 0.90 bc 1.13 b 0.24 c 1.20ab 6.38 a 1.29  ab 1.43 c 0.26 c 1.17 ab 4.89 a 1.10 b 
I3 × K0 1.81 cd 0.35 b 0.91 c 3.39 b 0.89 bc 2.50 a 0.37 bc 1.04 b 3.38 c 1.15 bc 2.16 ab 0.31 bc 0.97 b 4.17 a 1.02 b 
I1 × K1 2.54 ab 0.38 b 1.13 b 5.29 ab 1.15 ab 2.33 a 0.41 b 1.47 a 3.93 c 1.01 bc 2.44 ab 0.40 b 1.30 a 4.61a 1.08 b 
I2 × K1 2.85 a 0.36 b 1.17 b 6.49 a 0.80 c 2.37 a 0.26 c 1.18 ab 4.80 bc 0.86 bc 2.62 a 0.31 bc 1.18 ab 4.30 a 0.84 b 
I3 × K1 2.49 ab 0.51 a 1.39 a 3.80 b 0.90 bc 2.59 a 0.67 a 1.06 b 5.40 ab 0.80 c 2.54 a 0.59 a 1.22 a 5.95 a 0.85 b 
L.S.D at 0.05 0.48 0.07 0.13 1.99 0.26 0.45 0.14 0.30 1.46 0.46 0.61 0.09 0.25 ns 0.29 
Means within a column with the same letter are not significantly different 
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affected by both irrigation methods (surface and bubbler irrigation, Ali and Gobran (2002) found that 
medium moisture stress level significantly increased leaf contents of nitrogen, magnesium and 
potassium. They concluded that these effects were markedly increased with potassium application. 
Water stress increased leaf content of phosphorus and zinc; potassium spray application improved 
growth and fruit characters. 
 Our results proved that foliar application with potassium significantly increased leaf contents 
of nitrogen, potassium and phosphorus; this result was also earlier confirmed by Ali and Gobran (2002) 
on Washington navel orange trees under medium moisture stress level. Moreover, increased leaf 
potassium of citrus leaves when trees sprayed with potassium solution was reported by Boman, (2001), 
Boman (2002), Abd-Allah (2006) and El-Tanany (2011). Besides, Reese and Koo (1976&1977) on 
Temple orange found that increased potassium application raised leaf potassium but lowered leaf 
magnesium content. They added that this was occurred under spring irrigation system with excess water. 
 Moreover, Goepfert et al (1987) on Valencia ovange trees reported that foliar potassium sprays 
decreased leaf calcium and magnesium contents and increased leaf potassium content. As well as, Erner 
et al (2001) stated that potassium availability decreases at low soil moisture content, high calcium and 
magnesium concentrations and high fixing capacity.  
  
Recommendation 

Overall, it could be concluded that imposing deficit irrigation at both 100 and 80% of ETo 
significantly improves vegetative growth (shoot length and number) and gave the best interaction in 
this respect. Moreover, these two treatments increased fruit length, diameter and fruit weight and also 
increased of Juice and pulp percentages of fruit and afforded the best interaction. Magnitude, that 
irrigation at either 100 or 80% of ETo increased of vitamin C percent in the fruit juice and raised leaf 
calcium and magnesium. Foliar application with potassium increased leaf macronutrients content, 
except magnesium element, yet nitrogen and potassium were not significantly affected by different 
deficit irrigation treatments.    
 Conversely, deficit irrigation at 60% of ETo reduced vegetative growth, fruit length its diameter 
and fruit weights and the fruit juice vitamin C content, vice – versa; this treatment increased total soluble 
solids percent in the fruit juice and T.S.S/acid and also increased leaf phosphorus content. 
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