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ABSTRACT 

A split-split plot experimental design with four replicates was used to implement a field 
experiment for two successive seasons of 2016 and 2017 in a private orchard located at El-Boustan 
area, El-Behira governorate, Egypt. The main plots represented four irrigation treatments; I1: 
irrigation at 75% of ETC; I2: irrigation at 100% of ETC; I3: irrigation at 125% of ETc; I4: farmer 
irrigation treatment (the control), while the sub-plots included double stock (Balady lime interstock) 
and single stock (without interstock) [control treatment]. Scions were 12-years old of Washington 
navel orange spaced at 4×5 m apart. However, the sub sub-plots included two potassium foliar spray 
treatments (K0: without spray, and K1: with spray) the experiment was performed to asses: the effect 
of the aforementioned treatments on Washington navel orange fruit yield, fruit splitting, diameter fruit 
growth rate, fruit quality, water relations and leaf chemical composition. 

Irrigation rates at either 75% or 100% of ETC attained significantly the highest diameter fruit 
growth rate throughout different measuring dates, increased acidity, vitamin C percntages in fruit 
juice and leaf magnesium content especially with single stock (without interstock) and without foliar 
potassium sprays with significant differences; vice-versa, acidity and vitamin C percentages were not 
affected by potassium sprays. Double and triple interactions of above mentioned parameters were 
statistically significant when compared with other interactions and interaction with double stock 
(Balady lime interstock) in this respect. Irrigation treatment at 100% of ETc significantly increased 
fruit number/tree, fruit yield (Kg/tree), fruit size and fruit weight, particularly with Balady lime 
interstock (double stock) without foliar potassium application and gave the best interactions with 
significant differences during both seasons of the study. When irrigation was applied at the former 
rates it significantly raised fruit length, diameter and weight during both years of the study as well as 
markedly increased fruit rind and juice percentages but the differences were not significant, especially 
in the second one. Double stock (Balady lime interstock) markedly raised these parameters and were 
statistically significant. Deficit irrigation water treatment at 75% of ETC resulted in a significant 
increment of TSS, TSS/acid percentages, stress index, leaf proline concentrations, leaf nitrogen and 
calcium contents, particularly with double stock when compared with other irrigation rates including 
the control (farmer irrigation). Although aforementioned parameters were not influenced by foliar K 
sprays and gave the best double and triple interactions. Irrigation treatment at 100% or 125% ETC 
resulted in increased magnesium content in the leaves; especially without the interstock. Applying 
irrigation treatment at 100% of ETC) saved about 30.63% of the amount of irrigation water/fed./year 
comparing with farmer irrigation treatment. 
  
Keywords: Deficit irrigation, Washington navel orange scions, Double stock (Balady lime interstock),    
                   single stock (without an interstock), leaf chemical composition and fruit quality. 

 
Introduction 

Citrus is one of the most important horticultural crops in Egypt due to its high economic value 
for the local markets and export. The total exportation of citrus reached 1,667,750 and 1,616,821 tons 
of fruits through 2016 and 2017, respectively (according to Agriculture Quarantine). The total area 
occupied by citrus in 2016 was 485,940 feddans and produced 4,272,886 tons of fruits. From such 
area; 163,932 fed.  are cultivated by Washington navel orange tress representing 33.74% of total area; 
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producing 1,489,536 tons of fruits; representing about 34.86% of total citrus production (Annual 
BooK of Agricultural Statistics, 2016).  
Irrigation water is the most important factor determining growth and fruit yield of citrus trees in new 
reclaimed areas especially Boustan area (EL-Behera governorate) which is considered as the main 
agricultural zone of citrus trees. The availability of water for irrigation is expected to be decreased in 
the future due to increased demands of water other sector, scarcity of water resources, increment of 
populations density and increasing agricultural area through water saving measures. 

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 Driuz (1986). In this concern, water requirement 
difference considerably with growing season, soil type, tree variety, and rootstock and interstock type 
used. When a tree suffers from lack or excess of water its canopy volume and fruit yield will be more 
affected; also a good relationship was found between canopy volume and yield (Lêvy et al 1978b). 
Besides, during the fruit development stage; soil moisture is required to increase fruit size, but during 
the late stage of fruit maturation too much soil moisture reduces the accumulation of sugars and 
increases juice acidity. Nowadays; irrigation management strategy is very important in Egyptian 
lands, due to shortage in water resources especially; in the newly reclaimed areas. Therefore, it’s 
necessary to determine the optimum amounts of water irrigation for citrus trees to avoid fruit splitting 
occurred and obtained maximum fruit yield. In 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 this level causes a negative effect on flowering, 
fruiting and fruit quality (Levy et al., 1979). Unfortunately, the Egyptian citrus growers are 
accustomed to over irrigate tree which creates different problems to both cultivated trees productivity 
and soil, especially by using surface irrigation system. Thus it is of high importance to control the 
quantity of water irrigation.  

Adoption of drip irrigation regime has expanded further especially at the regions with limited 
water resources such as new reclaimed soils. Maximizing water use not only reduces production cost 
but also 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). 
Noteworthy foliar application of potassium on Washington navel orange trees has good effects as well 
as improving the water relations and induced tree tolerance to biotic and abiotic stresses which is 
reflected on an increase of tree yield. 

Citrus trees are commonly propagated vegetatively by budding or grafting on rootstock or on 
interstock; both rootstocks and interstockes might affect tree performance, fruit yield, fruit quality 
characteristics, salinity, drought and excess water tolerability, some disease resistance and scion 
compatibility (Lauzada et al., 1992 and Zayan et al., 2004). Interstocks have the ability to control tree 
size by controlling water amounts up taking via rootstocks. Furthermore, interstocks may improve tree 
growth, fruit quality or fruit yield (Webster 1995), Gimeno et al. 2012) and Yilmaz et al., 2014). 
Balady lime (C. aurantifolia) as an interstock is considered as one of the promising citrus interstocks 
for Washington navel orange scions. It has significant effective characters reflected positively on the 
scions on it in terms of their rate of growth and suitability for unfavorable environmental conditions. 
It is well known that budded trees on lime or lemon are tolerant for water stress than that on sour 
orange rootstock (Sholah, 2005). 

Therefore, the objective of the present study was to investigate the effect of Balady lime (as 
interstock) on the tolerability of Washington navel orange trees to deficit or excess irrigation water 
rates with foliar potassium spray and their influences on its productivity. 
 
Materials and Methods  
 

The present study was carried out in a private orchard located at Tawfeik El-Hakeem village, 
El-Boustan area El-Behera governorate, Egypt during two successive years 2016 and 2017 growing 
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seasons. The main target of this investigation was to evaluate the influence of Balady lime interstock 
grafted on sour orange rootstock (double stock) versus sour orange rootstock (single stock) on the 
tolerability of Washington navel orange scions trees to deficit or excess irrigation water.  
Fourty eight trees (12 -years old) of both Washington navel orange trees grafted on  Balady lime (an 
interstock) on sour orange rootstock and budded on sour orange rootstock. The selected trees were 
nearly uniform in age, vigor and size and spaced at 4×5 meters apart (210 trees/fed.) and received the 
same cultural practices and were irrigated with Nile water from Nubaria canal using surface drip 
irrigation system.  
 
Physical and chemical characteristics of the soil at the experimental site: 

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. 

 
A: Physical characteristics: 

The following soil physical parameters were determined: 
- Particle size distribution: Particle size distributions (sand, silt and clay percentages) of the soil 

at the experimental site were determined by the hydrometer according to FAO (1970). Also, 
soil texture class was identified. 

- Soil bulk density: Bulk density values were determined in undisturbed soil samples using the 
core method (Black and Hartge, 1986).  

- Hydraulic conductivity: Saturated hydraulic conductivity was measured in the laboratory 
according to Klute and Dirksen (1986). 
 

 B: Chemical characteristics: 
Electrical conductivity (ECe) of soil paste extract, soil pH, soluble ions concentrations were 

measured in soil paste extract, and total calcium carbonate were determined according to Page et al. 
(1982).  
 

The measured values are presented in Tables 1 & 2. 
 
Table 1: Main physical properties of at the soil of the experimental site. 

Soil depth 
(cm) 

Bulk 
density 
(g cm-3) 

Hydraulic 
conductivity 

(cm h-1) 

Particle size distribution 
Texture class 

Sand % Silt % Clay % 

Location 1 (Single stock (Washington navel orange/ Sour orange). 
0-30 

30-60 
1.56 
1.55 

1.86 
1.75 

83.20 
82.60 

4.00 
4.20 

12.80 
13.20 

Sandy loam 
Sandy Loam 

Location 2 (Double stock (Washington navel orange/ Balady lime /Sour orange) 

0-30 
30-60 

1.57 
1.56 

2.23 
2.01 

87.20 
86.20 

2.00 
2.40 

10.80 
11.40 

Sand 
Sand 

 
Table 2: Main chemical properties of the soil at the experimental site. 

Soil 
depth 
(cm) 

EC 
dS m-1 

pH 
1:2.5 

Total 
CaCO3 
g kg-1 

Soluble cations (mmolc L-1) Soluble anions (mmolc L-1) 

SAR 
Ca2+ Mg2+ Na+ K+ CO3

2- HCO3
- Cl- SO4

2- 

Location 1 (Single stock (Washington navel orange/ Sour orange). 
0-30 

30-60 
3.20 
1.65 

7.70 
7.83 

12.45 
13.64 

6.4 
4.8 

5.9 
2.3 

17.1 
8.6 

2.10 
1.00 

- 
- 

2.8 
2.1 

3.6 
3.1 

25.1 
11.5 

6.92 
4.57 

Location 2 (Double stock (Washington navel orange/ Balady lime /Sour orange) 
0-30 

30-60 
0.57 
2.02 

8.15 
7.21 

16.24 
14.33 

1.3 
5.3 

0.8 
3.1 

2.1 
11.3 

1.5 
0.4 

- 
- 

1.1 
1.9 

1.7 
2.8 

2.9 
15.3 

2.05 
5.56 

 
The experimental trees were divided into 2 groups; with twenty four Washington navel scions for 
each group: 

1- First group; was grafted on Balady lime interstock on sour orange rootstock.  
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2- Second group; was budded on sour orange rootstock (as control trees); within each group; 4 
irrigation treatments were applied as follows: 
1- Trees were irrigated at 75% of ETc (T1). 
2- Trees were irrigated at 100% of ETc (T2). 
3- Trees were irrigated at 125% of ETc (T3). 
4- Farmer irrigation treatment (as a control) (T4) each replicate had three trees; within each 

irrigation treatment; trees sprayed with potassium solution at 1% concentration every 
month and other trees were left unsprayed as control. 

Each spray treatment was achieved by spraying the foliage of the trees until the drip point of 
the solution using a 20 liters hand sprayer. Each tree received 5.0 liters from spray solution i. e 25 cm3 
potassium solution per tree every spray. Commercial potassium solution (52% K2O). Guard rows 
were left around the trees of each spray treatment. Different treatments were repeated on the same 
trees for the two successive experimental seasons.  
 
A. Fruit diameter and splitting: 

During both experimental seasons, five fruits were randomly selected and tagged on each tree; 
fruit diameter was measured and recorded monthly on 25th of August, September, October, and 
November and on 17th December of each season; the fruit diameter growth rates were calculated using 
equation as follow: 

% Fruit diameter growth rate = 
Final fruit diameter - Initial fruit diameter 

x 100 
Initial fruit diameter 

 
 
 Also, number and percentages of splitted fruits / tree were recorded and calculated from August to 
December of both 2016 and 2017 seasons using equation as follow: 

% Fruit splitting = 
No. of splitting fruits 

x 100 
Total No. fruits 

 
B. Fruit number and yield:- 

 In October of 2016 and 2017 seasons, fruit number of each tree was recorded on December, of both 
seasons. Average fruit weight for 12 randomly selected mature fruits was estimated for each tree. 
Fruit yield of each experimental tree was then calculated as Kg per tree. 
 

C. Tree-water relations : 
 
A. Leaf water Potential (Ψleaf): 

 At the end of September of 2016 and 2017 experimental seasons; 5 leaves of autumn flushes 
were randomly taken (leaf number 5 on each shoot) and leaf water potential (bar) was measured by 
using a Portable Pressure Chamber Apparatus (Soil Moisture Equipment Corp., Santa Barbara, CA, 
USA) and then calculate. Measurements were conducted before sunrise on many adult leaves from 
each irrigation treatments.  
 

B. Tree stress index: 
In September of both seasons; stress index and canopy temperature around each tree was measured in 
the field using Infra-Red Thermometer monitor. 
 

C. Leaf analysis (leaf proline content and some macronutrients): 
Leaf samples of 20-30 full-expanded mature leaves were taken from non-fruiting shoots of the 

previous spring growth flushes. The leaves were collected from allover the circumferences of each 
tree. Leaf samples were taken at random in December of each season (at the end of the experiment). 
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 
determination by spectrophotometer apparatus following the procedure was described by Marin et al. 
(2010). 
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Besides, these leaf samples also used for total nitrogen, calcium and magnesium determination. 
0.3 gm. of ground dry material was digested with sulphuric acid and hydrogen peroxide as outline by 
Evenhunis and DeWaard (1980). In digested solution of each sample, total nitrogen was 
colorimetrically determined according to Evenhunis (1976). Calcium and magnesium were 
determined by the versenate method using eirochrom black T and ammonium purpurate indicator for 
calcium plus magnesium and calcium, respectively (Cheng and Bray, 1951). 

 
D. Fruit quality: 

 At harvest time (on 17 December) of both seasons, fruit length, diameter, pulp and rind 
percentages and fruit weight of eight fruits, randomly taken from each experimental trees; were 
estimated and calculated. Fruit juice percent also calculated, Total soluble solids (TSS) were also 
determined by hand refractometer according to Chen and Mellenthin (1981) and calculated as 
percentage. Acidity, as citric acid percent and Vitamin C determined according to (A.O.A.C 2005). 

The experimental design was conducted in RCBD according to Snedecor and Cochran (1995); 
and the data were statistically analyzed using split split plot design main plot was irrigation rates, sub 
plot was  both double and single  stock  and sub-sub plot was foliar application with potassium 
solution by using SAS program. 

 
D. Soil water relations:-  
1- Amounts of irrigation water (AIW):  

The AIW was calculated according to the equation given by Vermeiren and Jopling (1984) for 
drip system as follows: 

��� = ��� ∗ �� ∗
�

4
∗ �� 

Where: 
AIW = Daily of applied irrigation water (liter / day). 
ETo  = Reference evapotranspiration (mm d-1). 
Kc = crop coefficient  
D      = Diameter of the tree shade in the afternoon (m2) 
 
The reference evapotranspiration (ETo) values were calculated from class A pan measurements as 
follows: 
 

ETo = Epan × Kpan.     (Doorenbos and Pruitt, 1984) 
Where: 
Epan is the measured pan evaporation values (mm/day). 
Kpan is the pan coefficient that equals 0.75 for the experimental site. 
 
Based on the actual emitter discharges, the irrigation time was calculated according to the equation 
given by Ismail (2002) as follows: 

�� =
��� (

�����
���

)

� � �� ��
 

Where: 
AIW= Daily of applied irrigation water (liter / day). 
Ti = irrigation time (hours/day). 
n  = number of drippers per tree. 
q  = emitter discharge (m3/h). 
Ea  = Irrigation efficiency of the drip irrigation system, an average value of 0.9 was used as 
determined in the beginning of each season (Ismail, 2002).  
2- Irrigation Water Use Efficiency (IWUE):  

The IWUE values were calculated according to Jensen (1983) as follows: 

IWUE= 
Orange fruit yield (kg/fed.) 

x 100 
Applied irrigation water (m3/fed.) 
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Statistical analysis: 
The collected data were statistically analyzed using split-split plot design according to 

Snedecor and Cochran (1995). Averages were compared using the least significant difference (LSD) 
at 5% probability level.  
 
Results and Discussion 
 
I-Effect of different irrigation rates, Balady lime interstock versus single stock, foliar potassium 
sprays and their interactions on fruit diameter growth rates throughout August to October and 
October to December. 
 
 The results shown in Table (3) indicated that irrigation treatment at 75% of ETc followed by 
irrigation rate at 100% of ETc significantly increased fruit diameter growth rates through the duration 
from August to October, while irrigation rate at 100% of ETc significantly raised fruit diameter 
growth rates during the period from October to December. Yet in the second season, the differences 
were not high enough to be significant.  
 As for the effect of Balady lime interstock (double stock versus Washington navel orange/ 
sour orange rootstock (single stock) on fruit diameter growth rates; data in Table (3) showed that both 
double  and single stocks produced fruits were resembled in growth diameter rates throughout August 
to October and the differences were not   significant during both seasons. On the contrary, single stock 
during the period from October to December; in both seasons; produced fruits were significantly 
higher fruit diameter growth rate compared with fruits obtained from double stock (Balady lime 
intetstock). Besides, fruit diameter growth rates were not significantly affected by foliar potassium 
sprays (Table 3). 
 For double and triple interactions; irrigation treatment at 125% of ETc with single stock, in 
both seasons, gave significantly the highest double and triple interactions when compared with oher 
interactions and interacton with double stock (Balady lime interstock). This result held true throught 
the period from October to December (Table 3). Similar results were obtained for irrigation ates at 
either 75 or 100% of ETc with single stock, also gave the best double and triple interaction in fruit 
diameter growth rates through the duration from Aug. to Oct. during both years of study.     
 The aforementioned results seemed to be in agreement with those reported by Romero et al. 
(2006) who studied the relationship between deficit irrigation and rootstock of Clemenulus  mandarin; 
and found that deficit irrigation treatment significantly reduced fruit growth in phase I and increased it 
in phase II and III for both rootstocks (Carrizo and Cleopatra rootstocks) likewise, Albrigo (1992) 
working on citrus trees; found that both interstocks and rootstock have the ability to supply water to 
plants and increase nutrient uptake may be the primary influence on fruit development in citrus trees. 
Moreover, Yan Shu Tang et al. (2005) in China; investigated the effect of different intermediate 
stocks of Red Fuji apple (B9, M. 26 and SH28) on fruit development. They reported that different 
dwarfing intermediate stocks influenced their contents of endogenous hormones in the fruits of apples 
via influenced the cell number of fruits, but did not affect the time of cell division in fruits. Besides, 
during the most of the growth period of fruits; the contents of indol-3- acetic acid (IAA), gibberellic 
acid (GA) and zeatin riboside (ZR) in the fruits on some intermediate stocks of apples were markedly 
higher and lower on some other ones. Our results were vise-versa of these reported in apple trees, 
especially using interstock. 
           Concerning the influence of an interstock on reducing fruit diameter growth rates were 
reported by numerous of investigators such as Rozpara et al. (2011) on sour cherry, Gill and Singh 
(2014) on pear trees and Grzyb and Rozpara (1994) working on plum trees; they found that the trees 
on interstock were healthy and fruit quality was good but interstock tended to produce small fruits 
compared to the control trees (without an interstock). On the contrary, Riquelme et al. (2008) on 
lemon “Verna” trees, reported that the trees with double grafting are more productive and produce 
better quality fruits (better size and peel quality). 
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Table 3:  Effect of different irrigation rates, Balady lime interstock,  ,foliar application of potassium and their interactions on fruit growth diameter rates throughout (August 

to October and October till December) of Washington navel orange trees during 2016 and 2017 seasons. 

Irrigation 
treatment 

(I) 

K 
Level 

Fruit growth diameter rates 2016 Fruit growth diameter rates 2017 
August to 
October Ave. 

October to December 
Ave. 

August to October 
Ave. 

October to December 
Ave. 

S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 26.86 22.36 a 24.61 6.50 7.09 6.80 29.75 23.40 26.58 7.97 13.09 10.53 
K1 24.12 28.46 26.29 7.92 4.39 6.15 24.26 17.66 20.96 11.52 5.64 8.58 

Average 25.49 25.41 25.45 7.21 5.74 6.47 27.01 20.53 23.77 9.75 9.37 9.56 

I2: 100% ETC 
 

K0 24.34 16.45 20.40 8.04 8.24 8.14 19.91 23.25 21.58 9.43 4.78 7.11 
K1 23.60 20.41 22.00 10.67 10.16 10.42 25.83 19.34 22.59 12.47 11.36 11.92 

Average 23.97 18.43 21.20 9.35 9.20 9.29 22.87 21.30 22.08 10.95 8.07 11.04 

I3: 125% ETC 
 

K0 18.34 21.93 20.13 10.84 6.78 8.81 16.09 21.78 18.88 16.04 6.05 9.51 
K1 17.81 17.29 17.55 11.94 6.33 9.14 13.44 19.94 16.69 13.53 5.70 9.62 

Average 13.07 19.61 18.84 11.39 6.56 8.97 14.76 20.81 17.88 14.78 5.88 10.33 

I4: farmer irrigation 
 

K0 23.38 19.60 21.49 4.73 6.54 5.64 21.64 20.54 21.08 8.62 6.44 7.53 
K1 20.94 22.85 21.90 15.27 6.22 1074 18.97 20.30 19.64 9.77 5.76 7.77 

Average 22.16 21.23 21.69 10.00 6.38 8.19 20.31 20.41 20.36 9.20 6.10 7.65 
S . Average 22.42 21.17  9.49 6.97  21.24 20.76  11.17 7.35  

K * S 
    

S1 S2 
Mean 

K 
S1 S2 

Mean 
K 

S1 S2 Mean K S1 S2 
Mean 

K 
K0 23.23 22.25 21.66 7.53 7.16 7.35 21.85 22.21 22.03 10.52 7.59 9.05 
K1 21.62 21.62 21.93 11.45 6.77 9.11 20.63 19.31 19.97 11.83 7.12 9.47 
LSD0.05: LSD 0.05: LSD 0.05: LSD 0.05: 

I = 3.05 S = ns K= 2.16 I = 2.71 S= 1.92 
K= 
1.92 

I = 
4.27 

S= ns K= ns I = ns S= 2.25 K= ns 

I*S= 4.44 
I*K= 
4.68 

K*S=  ns I*S= I*K= 4.36 
K*S= 
2.89 

I*S= 
5.95 

I*K=6.29 
K*S= 

ns 
I*S= 
4.75 

I*K= ns 
K*S=  
3.54 

I*S*K= 6.10 I*S*K= 5.42 I*S*K= 8.54 I*S*K= 6.37 
Means within a column with the same letter are not significantly different. 
 
 I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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II- Effect of different irrigation rates, Balady lime interstock versus single stock, foliar 
application of potassium and their interactions on fruit number and yield of Washington navel 
orange trees: 
 

It was clear from Table (4) that irrigation rate at 100% of ETC, in both seasons, had 
significantly the best treatment in fruit number per tree compared with other irrigation treatments 
including farmer irrigation treatment (the control). Similarly, deficit irrigation treatment at 75% ETC 
gave significantly the highest fruit number/tree, particularly in the first season. 
 Balady lime interstock produced the highest number of fruits/trees when compared to 
Washington navel orange budded on sour orange rootstock and the differences were statistically 
significant in the second season, but insignificant in the first one. Moreover foliar application of 
potassium markedly increased the number of fruits per tree compared with unsprayed trees and the 
differences were significant in the second season; but insignificant in the first one (Table 4).  
 Concerning the influence of double and triple interaction among irrigation rates, double stock 
versus single stock and foliar sprays; data in Table (4) cleary indicated that irrigation treatment at 
100% of ETc, in both seasons, significantly raised the number of fruits/tree of both double and single 
stocks; particularly with foliar potassium application followed by irrigation rate at 125% of ETc with 
double stock compared with other double and triple interactions. 
 Data concerning the influence of different irrigation treatments, Balady lime interstock versus 
sour orange rootstock and foliar K sprays on fruit yield (Kg/tree) are presented in Table (4). The 
results showed that the same irrigation treatment which enhanced the number of fruits per tree, also 
increased fruit yield (Kg/tree) i.e; irrigation rate at 100% of ETC, in both seasons, produced 
significantly the highest fruit yield.  
 Balady lime interstock (double stock) produced significantly the highest fruit yield when 
compared to single stock. These results held true during both seasons of study. Foliar application of 
potassium; in both seasons, significantly increased fruit yield of Washington navel orange trees 
compared to unsprayed ones (Table 4). 
 As for the double and triple interactions among irrigation treatments at both 100% and 125% 
of ETC with double stock (Balady lime interstock) × K spray; in both seasons; significantly increased 
fruit yield compared with single stock interactions (without interstock) and other double and triple 
interactions (Table 4).  
 The higher fruit number/tree and yield under irrigation water rates at 100% or 75% of ETC 
might explain that water deficit (15-25%) available soil water depletion in root zone suppressed the 
vegetative growth of navel orange tree via inhibiting gibberellic biosynthesis without bringing much 
effect on leaf photosynthesis and the trees invested higher quantity of photosynthesis towards 
reproductive growth (fruiting) than vegetative growth. Kanber et al. (1996) and Abu-Awaad (2001) 
on Washington navel orange trees and lemon trees; respectively, stated that irrigation based on pan 
coefficient that varied from 0.6 to 1.2 by 0.2 increments did not show any significant result in relation 
to yield performance of Washington navel orange trees comparing with lemon trees performance 
under different irrigation regimes: 0.0%, 25%, 50%, 75%, 100% and 150% class-A pan evaporation. 
They stated that irrigation at 100% evaporation produced the maximum growth and highest fruit yield 
of lemon trees. Besides, Panigrahi et al., (2012) on Nagpur mandarin trees harvested in drip irrigation 
(DI) at 100% ECP, followed by (DI) at 80% ECP. They explained that the increment in number of 
fruit/tree with (DI) at 100 EC was due to smaller fruits in size and reduced its weight in this treatment. 
Also noticed that both fruit number/tree and fruit yield decreased with decreasing irrigation from 80% 
to 40% ECP. In addition, the highest fruit yield in DI at 100% ECP; also, fruit yield decreased with 
decreasing irrigation level from 80% to 40% ECP. This result seem to be concomitant with our results 
in this respect. Likewise, EL-Tanany et al. (2019) revealed that irrigation rate was applied at 100% of 
ETo produced fruit yield (Kg/tree) expressed as weight or number were markedly higher compared to 
irrigation treatment at 60% of ETo with significant differences. In addition, Hussien et al. (2013) on 
Washington navel orange trees; observed that surface irrigation regimes which require a greater 
amounts of water produced lower number of fruit per tree and decreased fruit yield compared to the 
trees irrigated with bubbler irrigation system (required a moderate amount of water irrigation).  
 Our results, also, proved that Balady lime interstock produced the highest number of fruit/tree 
and significantly increased fruit yield. In this respect; El-Tanany (2017) found that Balady lime 
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Table 4. Effects of different irrigation rates, Balady lime interstock,  foliar application of potassium and their interactions on  number of fruit / tree  and fruit yield (Kg/tree) of 
Washington navel orange trees during 2016 and 2017. 

Irrigation  
treatment  

(I) 

K  
Level 

2016 2017 
No. fruit / tree 

Ave. 
Yield (Kg/tree) 

Ave. 
No. fruit / tree 

Ave. 
Yield (Kg/tree) 

Ave. 
S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 240.67 249.67 245.17 56.23 81.06 68.64 126.00 212.00 169.00 31.44 55.99 43.72 
K1 268.33 281.67 275.00 76.64 87.32 81.98 218.33 280.00 249.17 59.62 80.44 70.03 

Average 254.50 265.67 260.08 66.43 84.19 75.31 172.17 246.00 209.08 45.53 68.22 56.87 

I2: 100% ETC 
 

K0 188.67 237.00 212.83 47.87 80.05 63.96 197.67 295.33 246.50 51.84 90.85 71.35 
K1 297.67 228.33 263.00 76.22 79.21 77.72 270.00 269.33 269.67 73.45 87.06 80.26 

Average 243.17 232.67 237.92 62.05 79.63 70.84 233.83 282.33 258.08 62.65 88.96 75.80 

I3: 125% ETC 
 

K0 150.00 233.67 191.83 44.68 65.17 54.93 166.00 217.33 191.67 44.65 67.19 55.92 
K1 173.00 281.33 227.17 53.33 75.62 64.48 257.33 270.00 263.67 61.16 89.55 75.35 

Average 161.50 257.50 209.50 49.01 70.40 59.70 211.67 243.67 227.67 52.91 78.37 65.64 

I4: farmer irrigation 
 

K0 212.67 183.33 198.00 65.96 56.89 61.43 157.00 204.67 180.83 52.46 63.09 57.77 
K1 289.00 262.33 275.67 76.07 79.90 77.99 215.33 242.67d 229.00 52.16 77.98 65.07 

Average 250.83 222.83 236.83 71.02 68.40 69.71 186.17 223.67d 204.92 52.31 70.53 61.42 

S . Average 227.50 244.67  62.13 75.65  200.96 248.92  53.35 76.52  

K * S 
    
S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 

K0 198.00 225.92 211.96 53.69 70.79 62.24 161.67 232.33 197.00b 45.10 69.28 57.19 
K1 257.00 263.42 260.21 70.57 80.51 75.54 240.25 265.50 252.88 61.60 83.76 72.68 

LSD0.05: LSD 0.05: LSD 0.05: LSD 0.05: 
I = 35.05 S= ns K= 24.79 I = 35.05 S= ns K= 24.79 I = 25.11 S= 17.83 K= 17.75 I =9.22 S= 6.53 K=6.52 

I*S= 58.28 I*K= 57.88 K*S= 41.71 I*S= 58.28 
I*K= 
57.88 

K*S= 
41.71 

I*S= 52.74 I*K=48.46 
K*S= 
30.95 

I*S= 16.75 I*K=19.52 
K*S= 
10.97 

I*S*K= 70.11 I*S*K= 24.52 I*S*K= 50.21 I*S*K= 18.45 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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interstock declared the supermancy of interstocks treatment by producing significant differences by 
bringing about the highest fruit yield per tree; expressed as fruit number or weight in comparison with 
the control trees (without interstock). 
 Magnitute, increasing fruit yield of citrus trees when an interstock was utilized were reported 
by many investigators; Aboutalebi and Hasanzadeh (2014), Gimeno et al. (2012), Medina-Urrutia et 
al. (2012), Benyahia et al. (2012), Bakric (1999), Lin (1994), Zhang and Zhang (1993), Treeby and 
Thornton (1983) and Makita and Hara (1979). 
 The increment in fruit yield due to foliar potassium sprays of citrus trees was studied by by 
Ali and Gobran (2002), Maksoud et al. (2003), Saleh et al. (2001) and Omaima and El-Metwally 
(2007). 
 
III. Effect of different irrigation rates, Balady lime interstock versus single stock, and foliar 
application of potassium on fruit splitting percentages through the duration from August to 
December: 
 
 Concerning the effect of different irrigation treatments on fruit splitting percentages through 
August to December are presented in Fig (1 and 2 A) the results generally showed that fruit splitting 
percentages, in both seasons, were markedly higher during August and September and decreased 
sharply through October and return to increase during both November and December. Irrigation at 
125% and farmer irrigation treatments during August, in seasons, markedly increased fruit splitting 
percentages when compared to irrigation treatments at either 75% or 100% of ETC. However, in 
September; irrigation treatment at 75% of ETC, in both seasons as well as farmer irrigation treatment 
(the control) in the second one greatly increased fruit splitting percentages. This was also cleared 
during November and December. However, the trend of splitting percentage during October was not 
clear (Fig 1and 2 A). 
 As for the effect of Balady lime interstock on fruit splitting percentages; from fig (1 and 2B) 
generally revealed that when grafting was carried out without Balady lime interstock (directly on sour 
orange rootstock) it resulted in an significant increase in fruit splitting percentages comparing with 
those fruits on double stock (with Balady lime interstock); in other words Balady lime interstock 
significantly reduced fruit splitting percentages. This result was true during all fruit splitting counting 
dates. Foliar potassium sprays significantly reduced splitting percentages when compared with 
unsprayed trees (control). This result held true from August till December during 2016 and 2017 
seasons; (Fig 1 and 2 C). 
 These results agree with those obtained by Zaghloul and Moursi (2017) working on orange 
trees; who reported that irrigation treatments at 100% of Ep(I2) scored the results of decreasing 
splitting and creasing fruit with high significant differences during a two study seasons. Our results 
proved that irrigation treatments at 100% of November and December in both seasons; and on 
September in the second one of the study reduced splitting percentages. Moreover, Rubino et al. 
(2004) showed that, physiological disorders (splitting, creasing and scald) are associated with water 
shortage and water quality. 
 Our results proved that foliar application of potassium greatly reduced fruit splitting 
percentages of Washington navel orange by increasing peel thickness. This result was reported by 
Saleh et al. (2001) on cultivars Hamlin and Washington navel oranges, Ali and Gobran (2002) as well 
as EL-Safty et al. (1998) working on Washington navel orange and citrus trees, respectively. They 
reported that peel thickness of cultivars increased with increasing potassium application, Therefore, it 
decreased fruit splitting percentages. 
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1st season (2016) 2nd season (2017) 

 
 

(1A) (2A) 
Fig. 1: influence of different irrigation rates on fruit splitting of Washington navel orange trees from Aug. till 

Dec. during 2016 and 2017. 

  
(1B) (2B) 

Fig. 2. Influence of Balady lime interstock on fruit splitting of Washington navel orange trees from Aug. till 
Dec. during 2016 and 2017. 

  
(1C) (2C) 

Fig. 3: Influence of foliar potassium application on fruit splitting of Washington navel orange trees from Aug. 
till Dec. during 2016 and 2017. 

Fig. (1, 2 and 3;  A, B, and C) : Impact of different irrigation rates, Balady lime interstock  and foliar 
potassium application on fruit splitting percentage throughout the duration from Aug. till Dec. during 
2016 and 2017 seasons. 
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IV-Influence of different irrigation rates, Balady lime interstock versus single stock, foliar 
application of potassium and their interactions on physical fruit properties: 
 
A- Fruit length and diameter   
  Data in Table (5) showed that fruit length and diameter of Washington navel orange fruits; in 
both seasons, almost significantly increased with increasing irrigation water rates. Conversely, 
irrigation treatment at 75% of ETC, in the first season, significantly decreased fruit length and 
diameter characters. Moreover, Balady lime interstock significantly raised fruit length and diameter 
compared with those fruits obtained from single stock (without interstock). Both fruit length and its 
diameter; data in Table (5) revealed that both two previous parameters were not significantly affected 
by foliar potassium sprays during both experimental seasons (Table 5). 
 Double and triple interactions among irrigation treatments with double and single stocks and 
foliar K spray; the results in Table (5) in general cleared that irrigation treatment at 100 % of ETC 
with Balady lime interstock (double stock) was significantly supremacy in their fruit length and 
diameter followed by in descending order irrigation rate at 125% and farmer irrigation treatment and 
gave the best double interaction compared with other interaction and double and triple interactions 
with single stock (without Balady lime interstock); especially with or without flair K sprays. Besides, 
triple interaction with single stock x all irrigation rates with or without foliar K spray gave 
significantly the worst triple interactions in their fruit length and diameter; specially in the first season 
(Table 5). 
 Previous results, generally agreed with those reported by levy et al. (1979) using Marsh 
grapefruit. Thy found that shortening the interval between irrigation from 41 to 21 days increased 
grapefruit size (fruit length and its diameter). Moreover, Costel and Buj (1990) and Heller et al. 
(1973) reported that water deficit in citrus usually resulted in smaller harvested fruit size. Similarly, 
Kallsen and Sanden (2011) found that the intensity of the water stress decreased fruit yield by number 
and weight and decrease the percentage of lage fruits of navel orange trees; vice-versa with irrigation 
water increased. Our results proved that Balady lime interstock (double stock ) significantly increased 
fruit length and diameter of Washington navel oranges; in this concern, EL-Tanany (2017) found that 
fruit length and its diameter produced on double stock (Balady lime interstock) was markedly higher 
than those of directly grafted on sour orange rootstock (single stock). Similarly, Riquelme et al. 
(2008) and Aboutalebi and Hasanzadeh (2014) stated that inserting an interstock between rootstock 
and scion not only can improve productivity, produce better quality fruit including   fruit size (length 
and diameter) and longevity, but also is able to increase tolerance to salinity. Luo Sulan et al. (2009) 
reported that the characteristics of C. sinensis as an intermediate stock were poor quality, while fruit 
quality using C. grandis interstock was best. Moreover, Krasova et al. and Yan Shutang et al. (2005)  
reported that content of indole-3- acetic acid (IAA), gibberellic acid (GA) and zeatin riboside (ZR) in 
the fruits during cell division on intermediate stocks were markedly higher than those without 
interstock. 
 
B-Average fruit weight and rind percentage:  
 

The results concerning the effect of different irrigation water rates on fruit weight represented 
in Table (6) revealed that no significant differences were observed among different irrigation 
treatments; except irrigation treatment at 100% of ETC significantly raised of fruit weights compared 
to deficit irrigation rate at 75% of ETC which reduced fruit weights, particularly in the second one. 
Moreover, Balady lime interstock; in both seasons, significantly increased of fruit weight compared 
with the directly grafting on sour orange rootstock (Table 6).  
 Double and triple interactions among irrigation treatments with double stock versus 
Washington navel orange grafted on sour orange rootstock × folair K spray;  results in Table (6) 
showed that double stock with irrigation treatment at 100% of ETC with or without folair K spray; in 
both seasons, significantly increased fruit weight when compared with all irrigation rates with directly 
grafted on sour orange rootstock (without interstock); which resulted in significantly the least values 
in this respect. Likewise, farmer irrigation treatment with interstock with or without folair K sprays 
gave the best triple interaction during both experimental seasons in fruit weight.  
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Table 5: Effect of irrigation rates, Balady lime interstock, foliar application of potassium and their interactions on Fruit diameter and its length of Washington navel 
orange trees during 2016 and 2017 seasons.  

Irrigation  
treatment  

(I) 

K 
Level 

2016 2017 
Fruit diameter (cm) 

Ave. 
Fruit length (cm.) 

Ave. 
Fruit diameter (cm) 

Ave. 
Fruit length (cm.) 

Ave. 
S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 7.75 8.21 7.98 8.71 9.29 9.00 7.86 8.37 9.18 8.36 9.27 8.81 
K1 7.46 8.33 7.89 8.51 9.20 8.86 8.05 8.16 14.70 8.84 8.84 8.84 

Average 7.60 8.27 7.94 8.61 9.25 8.93 7.95 8.27 8.11 8.60 9.05 8.83 

I2: 100% ETC 
 

K0 8.05 8.36 8.21 8.83 9.46 9.15 8.13 8.46 14.87 8.75 9.60 9.18 
K1 7.77 8.50 8.14 8.60 9.52 9.06 8.18 8.40 16.85 9.20 9.39 9.30 

Average 7.91 8.43 8.17 8.71 9.49 9.10 8.15 8.43 8.29 8.98 9.49 9.24 

I3: 125% ETC 
 

K0 7.99 8.28 8.14 8.67 9.49 9.08 7.82 8.26 11.74 8.71 8.50 8.61 
K1 7.78 8.45 8.12 8.77 9.62 9.20 7.82 8.51 17.58 9.10 9.06 9.08 

Average 7.89 8.36 8.13 8.72 9.55 9.14 7.88 8.39 8.13 8.91 8.78 8.84 

I4: farmer irrigation 
 

K0 8.09 8.31 8.20 9.13 9.28 9.21 8.44 8.47 12.54 9.52 9.10 9.31 
K1 8.04 8.20 8.12 9.17 9.26 9.21 7.76 8.40 13.79 8.52 9.33 8.92 

Average 8.06 8.26 8.16 9.15 9.27 9.21 8.10 8.44 8.27 9.02 9.22 9.12 

S . Average 7.87 b 8.33  8.80 b 9.39  8.02 8.38  8.88 9.13  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 
K0 7.97 8.29 8.13 8.84 9.38 9.11 8.06 8.39 8.23 8.84 9.12 8.98 
K1 7.76 8.37 8.07 8.76 9.40 9.08 7.98 8.37 8.18 8.91 9.15 9.03 

LSD0.05: LSD0.05: LSD0.05: LSD0.05: 
I =  0.17 S = 0.12 K= ns I = 0.24 S= 0.17 K= ns I = ns S= 0.17 K=ns I = ns S= ns K= ns 

I*S=  0.24 I*K= ns K*S=  0.18 I*S= 0.32 I*K= ns 
K*S= 
0.26 

I*S= 0.35 I*K=0.40 K*S= 0.25 I*S= 0.63 I*K= 0.64 K*S=  ns3 

I*S*K= 0.33 I*S*K= 0.49 I*S*K= 0.48 I*S*K= 0.86 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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Table 6: Effects of different irrigation rates, Balady lime interstock,foliar application of potassium and their interactions on  Fruit weight and Fruit Rind percent of Washington 
navel orange trees during 2016 and 2017 seasons.  

Irrigation 
 Treatment 

 (I) 

K 
 Level 

2016 2017 
Fruit weight (gm.) 

Ave. 
Rind % 

Ave. 
Fruit weight (gm.) 

Ave. 
Rind % 

Ave. 
S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 233.67 324.00 278.83 24.11 21.14 22.63 241.33 265.33 253.33 24.82 27.13 25.97 

K1 281.33 310.00 295.67 24.94 23.15 24.05 273.00 287.00 280.00 16.44 26.14 21.29 

Average 257.50 3.17.00 287.25 24.53 22.14 23.34 257.17 276.17 2.66.67 20.63 26.63 23.63 

I2: 100% ETC 
 

K0 253.33 339.67 296.50 24.46 28.47 26.46 263.33 315.67 289.50 19.86 26.76 23.31 
K1 254.67 351.33 303.00 26.74 25.55 26.14 273.00 306.33 289.67 29.58 21.31 25.45 

Average 254.00 354.50 299.75 21.60 27.01 26.30 268.17 311.00 289.58 24.72 24.03 24.38 

I3: 125% ETC 
 

K0 261.67 285.00 273.33 25.96 21.65 23.81 266.67 310.00 288.33 16.13 25.61 20.87 
K1 303.67 267.33 285.50 23.51 23.41 23.46 301.67 330.67 316.17 28.27 23.39 25.83 

Average 282.67 276.17 279.42 24.74 22.53 23.63 284.17 320.33 302.25 22.20 24.50 23.35 

I4: farmer irrigation 
 

K0 329.67 308.67 319.17 25.00 27.48 26.24 319.33 310.33 314.83 23.24 27.80 25.52 
K1 261.67f 307.67 284.67 33.34 23.84 28.59 241.33 321.67 281.50 31.95 26.67 29.31 

Average 295.67 308.17 301.92 29.17 25.66 27.52 280.33 316.00 298.17 27.59 27.24 27.42 

S . Average 272.46 311.71 a  26.01 24.34 23.99 272.46 305.88  23.79 25.60  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 
K0 269.58 314.33 291.96 24.88 24.68 24.78 272.67 300.33 286.50 21.01 26.83 23.92 
K1 275.33 309.08 292.21 27.13 23.99 25.56 272.25 311.42 291.83 26.56 24.38 25.47 

     LSD0.05: LSD 0.05: LSD 0.05: LSD 0.05: 
I = ns S = 17.63 K= ns I = 2.54 S = ns K= ns I = 20.24 S= 14.31 K= 14.31 I = 3.57 S= ns K= ns 

I*S= 38.14 I*K= ns K*S=  31.45 I*S= 3.97 I*K=4.19 
K*S= 
3.08 

I*S= 33.63 I*K=36.79 
K*S= 
25.58 

I*S= 6.46 I*K=6.27 K*S=4.33 

I*S*K= 49.88 I*S*K= 5.08 I*S*K= 40.48 I*S*K= 7.13 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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 The results obtained herin, generally are in agreement with those reported by levy et al. 
(1979) who stated that increased plant water stress during summer did not affect the external 
characteristics of Marsh graoefriut; although it affected the internal quality. In addition, they found 
that shortening the interval between irrigation from 40 to 21 days increased grapefruit size and its 
weight. Likewise, Maria et al. (2016) found that regular deficit irrigation (RDI) treatments in the 
summer showed no differences in average fruit weight of Navelina orange trees. They concluded that 
no significant differences were found in comparison to the control in any of the study fruit quality 
parameters. Moreover, El-tanany et al. (2019) reported that deficit irrigation treatment at 60% of ETC 
produced significantly the lowest values of fruit weight when compared with irrigation at both 100% 
and 80 ETC. However, in the first season, the differences were insignificant. 
 Our results proved that the influence of interstock on improving fruit weight of citrus trees 
was also reported by Gimeno et al. (2012) who found that interstock of Valencia orange between 
“Verna lemon scion and sour orange rootstock; not only can improve tree growth, longevity, fruit 
production, and quality, but also can increase salinity tolerance. Riqlme et al. (2008) reported that the 
trees with double grafting are more productive and produce better fruit quality including both better 
fruit size and weight of lemon trees. Similarly, Avilan et al. (1999) working on avocado cv. Nelan; 
showed that rootstock and combinations (rootstock/intermediate graft) significantly modify the sape, 
weight and size of fruits; as well as percentage pulp.  
 Also, our results indicated that foliar K sprays did not markedly affect fruit weight this was 
reported by Millar et al. (1998) working on Midnight Valencia orange and Robyn navel orange and  
El-Tanany et al. (2019) using Washington navel oranges.  
 Data concerning the influence of different irrigation rates on fruit rind percentage shown in 
Table (6) indicated that farmer irrigation treatment (control) followed by irrigation rate at 100% ETC; 
in both seasons, significantly increased fruit peel percentages when compared with other irrigation 
rates. Both double stock and single stock (Washington navel orange/sour orange rootstock) did not 
affect fruit rind percentage and the differences were not significant during both years of study. 
Similarly foliar potassium sprays did not significantly affect fruit peel percentage. No differences 
were observed between K sprays and without foliar potassium sprays on fruit peel percentages (Table 
6). 
      As for double and triple interactions among different irrigation treatments and both Balady 
lime interstock and sour orange rootstocks (without interstock) and foliar K sprays; the results in 
Table (6) indicated that both interstock (Balady lime) and sour orange rootstock (without interstock); 
in both seasons, markedly raised of peel percentage and the differences were significant. This result 
was mostly true under farmer irrigation treatment with foliar K spray compared to other irrigation 
treatments. Irrigation treatment at 75% ETc significantly reduced fruit rind percentages especially in 
the first season; in both double and single rootstocks (Table 6). 
 The foregoing data seemed to be in agreement with those reported by El-Tanany et al. (2019) 
who found that the interactions among irrigation rates at either 100% or 80% with or without 
potassium spray were statistically significant in fruit rind, pulp and juice percentages, especially in the 
first season of the study. Besides, Miller et al. (1998) working on Midnight Velencia orange and 
Robyn Navel; found that spray application of potassium did not have significant effects on fruit 
quality parameters including both peel and juice percentages.  
 
C.  Fruit pulp and juice percentages:  
 The results in Table (7) cleary indicated that irrigation treatments at 75% and 125% of ETC; in 
both seasons, markedly increased both fruit pulp and juice percentages and the differences were 
statistically significant. Meanwhile, the fruit juice percentages significantly raised by all different 
irrigation treatments during both experimental seasons but the differences in the second seasons were 
not high enough to be significant. 
 Concerning the influence of Balady lime interstock on pulp and juice percentages of 
Washington navel orange fruits; data in Table (7) revealed that both double and single stocks achieved 
significantly a higher percentage of fruit pulp in both seasons and the difference was not significant. 
However, fruit juice percentages; single stock (without an interstock) was superior as compared with 
double stock and the difference was significant. These results held true during both years of study. 
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Table 7: Effects of different irrigation rates, Balady lime interstock,foliar application of potassium and their interactions on fruit pulp  and juice percentages of Washington 
navel orange trees during  2016 and 2017. 

Irrigation 
treatment 

(I) 

K 
Level 

2016 2017 

Pulp % 
Ave. 

Juice % 
Ave. 

Pulp % 
Ave. 

Juice % 
Ave. 

S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 75.89 78.86 77.37 28.31 26.84 27.57 75.18 72.87 74.03 33.39 25.41 29.40 

K1 75.06 76.85 75.76 34.45 27.80 31.13 83.56 80.53 82.05 32.78 32.30 32.54 

Average 75.47 77.86 76.66 31.38 27.32 29.35 79.37 76.70 78.04 33.09 28.58 30.97 

I2: 100% ETC 
 

K0 75.54 71.53 73.54 29.55 26.80 28.18 80.14 73.24 76.69 35.60 24.54 30.07 

K1 73.26 74.45 73.86 31.10 27.30 29.20 70.42 78.69 74.56 36.48 27.22 31.85 

Average 74.40 72.99 73.70 30.33 27.05 28.69 75.28 75.97 75.62 36.04 25.88 30.96 

I3: 125% ETC 
 

K0 74.04 78.35 76.20 25.73 23.98 24.86 83.87 74.39 79.13 32.62 27.58 30.10 

K1 76.49 76.59 76.54 34.45 25.23 29.84 71.67 76.61 74.14 31.63 25.56 28.60 

Average 75.26 77.47 76.37 30..09 24.60 27.35 77.77 75.50 76.64 32.13 26.57 29.35 

I4: farmer irrigation 
 

K0 75.00 72.52 73.76 32.67 22.24 27.45 76.76 72.20 74.48 28.57 27.16 27.87 

K1 66.66 76.16 71.41 36.13 28.35 32.24 68.06 73.33 70.69 33.33 29.89 31.61 

Average 70.83 74.34 72.59 34.40 25.30 29.85 72.41 72.76 72.59 30.95 28.53 29.74 

S . Average 73.99 75.66  31.55 26.07  76.21 75.23  33.05 27.46  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 

K0 75.12 75.32 75.22 29.06 24.96 27.02 78.99 73.18 76.08 32.55 26.17 29.36 

K1 72.87 76.01 74.44 34.03 27.17 30.60 73.43 77.29 75.36 33.56 28.74 31.15 

LSD 0.05: LSD 0.05: LSD 0.05: LSD 0.05: 

I = 2.54 S = ns K= ns I = ns S= 2.11 K= 2.11 I = 4.41 S= ns K= ns I = ns S= 2.28 K= ns 

I*S= 3.98 
I*K= 
4.19 

K*S=  3.08 I*S= 4.75 
I*K= 
5.54 

K*S=3.1 I*S= ns I*K=6.76 K*S=4.90 I*S= 4.58 I*K= ns 
K*S= 
3.27 

I*S*K= 5.08 I*S*K= 5.9 I*S*K= 8.82 I*S*K= 6.44 
Means within a column with the same letter are not significantly different. 

I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 

 
 



Middle East J. Agric. Res., 8(2): 699-731, 2019 
ISSN: 2077-4605 

715 

 

 With regard to the influence of foliar K sprays on both pulp and juice percentages, results in 
Table (7) showed that pulp percentage in both seasons and juice percentage in the second one was not 
significantly affected by foliar potassium. In the meantime, fruit juice percentages significantly 
affected by foliar potassium application, especially in the first season. 
 For double  and triple  interactions; data in Table (7) showed that irrigation rates at both 75% 
and 125% of ETC x double  or single stocks with foliar K spray, in both season, significantly augment 
pulp percentage in their fruit and gave the best double and triple interactions. However, double and 
triple  interactions for juice percentages with single stock; of  all irrigation treatments with or without 
foliar K sprays in both seasons, produced fruits were higher in juice percentages and gave the best 
double and triple  interactions comparing with interactions with the double stock and the differences 
were significant. 
 The foregoing our results agree with findings of Panigrahi et al. (2012) who concluded that 
the drip irrigation of optimum quantity of water through drip irrigation (DI) (80% ECP) was desirable 
water stress on Nagpur mandarin trees improving their yield and fruit quality, without producing the 
higher vegetative growth. Likewise, El-Boray et al. (1995) using Washington navel orange, found that 
juice percent of fruits recorded an increase with increasing irrigation water level. El-Tanany et al. 
(2019) found that the percentages of fruit pulp, peel and juice were not significantly different due to 
different water irrigation treatments (at 100%, 80% and 60% of ETC). They added that foliar 
application of potassium did not significantly affect fruit physical parameters including pulp and juice 
percentages. In addition, Miller et al. (1998) using Midnight Valencia orange and Robyn Navel; 
reported that spray applications of potassium did not have significant effects on fruit quality 
parameters including both pulp and juice percentages. Moreover, Avilan et al. (1999) showed that 
rootstock and combinations (rootstock- intermediate graft) significantly modify the shape, weight and 
size of fruits, as well as pulp percentage.   
 
Ѵ-Effect of different irrigation rates, Balady lime interstock versus single stock, and their 
interactions on chemical fruit properties of Washington navel orange trees: 
 
A- Total soluble solids (TSS) and total soluble solids/ acid ratio. 
 As for the influence of different irrigation treatments on fruit total soluble solids percentages; 
in both seasons, irrigation treatments at either 100% or 75% of ETC ; significantly increased of  total 
soluble solids percentages compared with other irrigation treatments (Table 8). Furthermore, Balady 
lime interstock (double stock) significantly achieved the highest percentage of total soluble solids in 
fruit juice compared to Washington navel orange grafted on sour orange rootstock (without 
interstock). This result held true during both years of study. TSS% were not significantly affected by 
foliar potassium sprays through both experimental seasons (Table 8). 
 Regarding the double and triple interactions among different irrigation rates, double 
interstock versus sour orange rootstock (without interstock) and foliar K spray shown in Table (8) 
clearly indicated that irrigation rate at 75% of ETC with Balady lime interstock (double interstock) 
with foliar K sprays significantly raised of total soluble solid percentages compared with the same 
irrigation rate with sour orange rootstock (without interstock). Conversely, irrigation treatment at 
100% of ETC (without Balady lime interstock) × foliar K spray; in both seasons, significantly 
increased of total soluble solid percentage compared with other interactions. Likewise, farmer 
irrigation treatment × single stock × foliar K spray; in the first season; gave the best double and triple 
interactions in this respect, compared to other interactions (Table 8). Our results proved that  Balady 
lime interstock had the ability to elevate fruit juice content of total soluble solids percentages under 
deficit water irrigation circumstance comparing with the fruits of Washington navel orange grafted 
only on sour orange rootstock (without interstock). The obtained results are in line with those reported 
by Barry et al. (2004) stated that the timing and severity of water deficit have important effect on 
juice quality in citrus. Panigrahi et al. (2012) using Nagpur mandarin; found that fruit quality (juice 
content and total soluble solids) showed increases with increasing irrigation level from 40% Ecp to 
100% Ecp with drip irrigation (DI). Moreover, Zhagloul and Moursi (2017) on navel orange trees; 
found that there was a significant difference in TSS% and TSS/acid ratio between most irrigation 
treatments especially with deficit and high irrigation level. They added that irrigation at 80% of EP 
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Table 8: Effects of different irrigation rates, Balady lime interstock,  ,foliar application of potassium and their interactions on total soluble solids (TSS) percent and TSS/acid 
ratio of Washington navel orange trees during  2016 and 2017. 

Irrigation 
treatment 

(I) 

K 
 Level 

2016 2017 

TSS % 
Ave. 

TSS/Acidity ratio 
Ave. 

TSS % 
Ave. 

TSS/Acidity ratio 
Ave. 

S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 11.67 11.20 11.43 0.21 0.25 0.23 11.67 11.83 11.75 0.23 0.27 0.25 

K1 12.33 12.00 12.17 0.26 0.26 0.26 11.50 12.83 12.17 0.23 0.267 0.25 

Average 12.00 11.60 11.80 0.24 0.26 0.25 11.58 12.33 11.96 0.23 0.27 0.25 

I2: 100% ETC 
 

K0 11.50 12.00 11.75 0.23 0.26 0.24 11.33 12.00 11.67 0.24 0.230 0.24 

K1 13.00 11.00 12.00 0.25 0.26 0.25 12.33 11.00 11.67 0.23 0.203 0.22 

Average 12.25 11.50 11.88 0.24 0.26 0.25 11.83 11.50 11.67 0.23 0.22 0.23 

I3: 125% ETC 
 

K0 12.00 11.33 11.67 0.25 0.29 0.27 11.17 11.83 11.50 0.22 0.250 0.24 

K1 11.00 11.00 11.00 0.19 0.25 0.22 11.67 11.33 11.50 0.21 0.253 0.23 

Average 11.50 11.17 11.33 0.22 0.27 0.24 11.42 11.58 11.50 0.22 0.25 0.23 

I4: farmer irrigation 
 

K0 11.83 10.67 11.25 0.24 0.25 0.24 10.67 12.00 11.33 0.22 0.237 0.23 

K1 12.50 12.00 12.25 0.21 0.26 0.23 11.17 11.83 11.50 0.20 0.253 0.23 

Average 12.17 11.33 11.75 0.22 0.25 0.24 10.92 11.92 11.42 0.21 0.25 0.23 

S . Average 11.40 11.98  0.23 0.26  11.44 11.83  0.22 0.25  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 

K0 11.75 11.30 11053 0.23 0.26 0.25 11.21 11.92 11.56 0.23 0.25 0.24 

K1 12.21 11.50 11.85 0.23 0.26 0.24 11.67 11.75 11.71 0.22 0.24 0.23 

LSD0.05: LSD 0.05: LSD 0.05: LSD 0.05: 
I = 0.53 S = 0.37 K= ns I = ns S= 0.011 K= ns I = 0.37 S= 0.27 K=ns I = 0.015 S= 0.01 K= ns 

I*S= 0.91 I*K= 0.88 K*S=  0.63 I*S= 0.03 I*K= 0.03 K*S= 0.02 I*S= 0.64 I*K=0.75 K*S=0.50 I*S= 0.02 I*K= 0.03 
K*S=  
0.018 

I*S*K= 1.06 I*S*K= 0.03 I*S*K= 0.75 I*S*K= 0.03 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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gave fruits with highest values of above parameters followed by irrigation at 100% of EP compared 
with other irrigation treatments.  
 Our results coincide with those reported by Cruse et al. (1982), Koo and Smajstrla (1985) and 
Levy et al. (1979) who found that water shortage causes increased concentration of total soluble 
solids(TSS) in citrus fruit juice. Similar results were also obtained by Moon et al. (2004). 
 The increment of total soluble solids percentages by using an interstock was found by El-
Tanany  (2017) who reported that interstock treatment surpassed the control by achieving the highest 
percentages of total soluble solids in scion fruit juice as compared with the control (without an 
interstock).  
 As for total soluble solids/acid ratio, the data in Table (8) generally, revealed that all water 
irrigation treatments seemed to greatly elevate TSS/ acid ratio especially in the first season of study. 
Moreover, irrigation treatment at 75% of ETC; in both seasons, significantly increased TSS/acid ratio 
in fruit juice. Zhagloul and Moursi (2017) on navel orange trees; found that there was a significant 
difference in SSC(%), acidity and SSC/acid ratio between most irrigation treatments especially with 
deficit and high irrigation level. They added that irrigation at 80% of EP gave fruits with the highest 
values of SSC/acid ratio followed by irrigation at 100% of EP compared with other irrigation 
treatments. Similarly, Kallsen et al. (2011) on navel orange trees; concluded that trees subjected to 
increase degrees of late-season water stress increased juice SSC and TA, hastened development of 
orange color. They added that the SSC:TA ratio and the juiciness of the fruit, either expressed as a 
ratio of juice weight or volume of fruit were unaffected by late-season irrigation stress. Moreover, 
Hilgeman and sharo (1970) on orange trees and Ali and Gobran (2002) on Washington navel orange, 
they mentioned that higher applied water decrease TSS%, Acidity% and TSS/acid ratio. In this 
concern, Naguib (1978) mentioned that prolonged drought period increased total soluble solids in the 
juice of Balady orange fruits; this might be attributed to moisture content of fruit the unirrigated trees 
for long period so TSS content was relatively high. 
 Concerning the influence of Balady lime interstock on TSS/acid ratio; the results in Table (8) 
indicated that double stock significantly increased TSS/acid ratio when compared with single stock 
(without interstock). This result held true during both years of the study. The foregoing data seemed 
to be in agreement with those reported by Makita and Hara (1979) who studied the effect of  
natsudaidal interstock on tree growth, yield and fruit quality. They reported that total soluble solids 
and the ratio between TSS/acid in fruit juice were higher in cvs on the interstock. They added that 
yield of Hassaku were greater where the interstock was used. Foliar application of potassium did not 
significantly influences on TSS/acid ratio as shown in Table (8). 
 Regarding double and triple interactions among different irrigation rates, Balady lime 
interstock versus sour orange rootstock (the control) and foliar K spray, the data in Table (8) showed 
that the irrigation treatments at 75% and 125% of ETC, with double stock (Balady lime interstock) × 
foliar K spray significantly was superior in TSS/acid ratio when compared to single stock (the control 
treatment) in this respect and gave the best double and triple interactions. These results held true 
during both experimental seasons. 
 
B. Acidity and vitamin C percentages: 
 Results, in Table (9) clearly revealed that water irrigation treatment at 100% of ETC; in both 
seasons, significantly increased total acidity percentages in fruit juice followed by irrigation rate at 
125% ETC and farmer irrigation treatment. Similarly, irrigation treatment at 75% ETC markedly 
surpassed total acidity percentage, particularly in the first season of the study. Nevertheless, the 
differences among different irrigation rates were not high enough to be statisticaly significant. This 
result agree with those reported by El-Tanany et al. (2019) who reported that different irrigation 
treatments seemed to have insignificant effects on fruit juice acidity percent of Washington navel 
orange tress. In addition, Wahabi et al. (2004) using olive trees; found that oil acidity did not show 
any significant differences between partial root zone drying (PRD) treatments and the control and also 
increased water use efficiency by 60-70%. Likewise, Pangrahi et al. (2012) stated that fruit quality 
(juice content, acidity and total soluble solids showed increases with increasing irrigation level from 
40% Ecp to 100% Ecp with drip irrigation (DI) upon Nagpur mandarin. Moreover, Levy et al. (1979) 
reported that the drought causes increases in citrus juice acidity. 
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Table 9: Effect of different irrigation rates, Balady lime interstock,  ,foliar application of potassium and their interactions on  fruit juice acidity and vitamin C percentages of 

Washington navel orange trees during  2016 and 2017. 
Irrigation 
treatment 

(I) 

K 
Level 

2016 2017 
Acidity % 

Ave. 
V.C % 

Ave. 
Acidity% 

Ave. 
V.C% 

Ave. 
S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 55.45 45.16 50.31 0.81 0.78 0.80 51.0 44.34 47.72 0.73 0.79 0.76 
K1 49.02 45.27 47.14 0.96 0.85 0.91 51.05 42.14 49.60 1.00 0.83 0.91 

Average 52.24 45.22 48.73 0.89 0.82 0.85 51.07 46.24 48.66 0.86 0.81 0.84 

I2: 100% ETC 
 

K0 50.66 46.43 48.55 0.86 0.79 0.82 47.41 52.31 49.86 0.79 0.84 0.82 
K1 52.69 42.89 47.79 0.78 0.81 0.79 53.45 53.81 53.63 0.82 0.85 0.83 

Average 51.67 44.66 48.17 0.82 0.80 0.81 50.43 53.06 51.75 0.81 0.84 0.82 

I3: 125% ETC 
 

K0 48.40 39.63 44.02 0.82 0.70 0.76 50.42 46.96 48.69 0.84 0.61 0.73 
K1 57.93 44.87 51.40 0.79 0.87 0.83 55.85 44.83 50.34 1.03 0.75 0.89 

Average 53.16 42.25 47.71 0.81 0.79 0.80 53.14 45.90 49.52 0.94 0.68 0.81 

I4: farmer irrigation 
 

K0 50.13 43.47 46.80 0.79 0.71 0.75 49.10 51.45 50.28 0.75 0.73 0.74 
K1 59.04 46.56 52.80 0.89 0.86 0.88 55.05 46.76 50.90 0.94 0.80 0.87 

Average 54.59 45.02 49.80 0.84 0.79 0.81 52.07 49.11 50.59 0.85 0.76 0.80 

S . Average 52.91 44.29  0.84 0.80  51.68 48.58  0.86 0.77  

K * S 
    
S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 

K0 51.16 43.67 47.42 0.82 0.74 0.78 49.51 48.77 49.14 0.78 0.74 0.76 
K1 54.67 44.90 49.78 0.86 0.85 0.85 53.85 48.39 51.12 0.95 0.81 0.88 
LSD0.05: LSD0.05: LSD0.05: LSD0.05: 
I = ns S = 1.82 K=1.82 I = ns S= 0.05 K=0.05  I = 2.79 S= 1.97 K=1.97 I = ns S= 0.05 K= 0.05 
I*S= 4.90 I*K= 6.73 K*S=  3.25 I*S= ns I*K= 0.10 K*S= 0.07 I*S=4.43  I*K=5.18 K*S= 3.25 I*S= 0.13 I*K= 0.13 K*S=0.08  
I*S*K= 5.15 I*S*K= 0.13 I*S*K= 5.58 I*S*K= 0.14 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
 
 
 

 
 



Middle East J. Agric. Res., 8(2): 699-731, 2019 
ISSN: 2077-4605 

719 

 

 As for the effect of Balady lime interstock versus sour orange rootstock; the data in Table (9) 
indicated that single stock (Washington navel orange/ sour orange rootstock) significantly increased 
the fruit juice acidity when compared with double interstock (Balady lime interstock) which 
significantly reduced the fruit juice acidity. These results held true during both seasons of the study. 
Our results go along with those reported by El-Tanany (2017) found that Washington navel orange 
budded on sour orange rootstock (without an interstock) significantly raised the juice acidity 
percentage in the fruits when compared with the interstock treatment. Liorente et al. (1984) in France; 
tested Verna Lemon, Washington navel, Salustiana, Sanguinelli and Valencia late orange grafted on 
sweet orange interstock on sour orange rootstock. They observed that fruit acidity was better with 
verna Lemon and Valencia late scions with an interstock than directly grafted on sour orange 
rootstock. Mean while, our results proved that Balady lime interstock (double stock) markedly 
reduced the juice acidity percentages in Washington navel orange fruits. Besides, foliar potassium 
sprays, in both seasons, markedly increased the juice acidity percentages compared with unsprayed 
control trees and the difference were significant in the second season, but insignificant in the first one 
(Table 9). Erner et al. (1993) and Berger et al. (1996); using citrus and orange trees, respectively; 
found that potassium soil or foliar application has dominant effects on external and internal fruit 
qualities including acidity. They added that potassium is a direct and strong link with juice acidity but 
it is not known how the K level affects the accumulation or degradation of acids in citrus fruits. 
Besides, Ali and Gobran (2002) reported that potassium spray application improved grow and fruit 
characters including acidity and TSS/acidity ratio. 
 Concerning double interaction between irrigation treatments and single or double grafting; the 
data in Table (6) generally revealed that all different irrigation treatments experimenting with single 
stock (without an interstock); in both seasons, resulted in the highest significant percentages in juice 
acidity compared to the same irrigation treatments with double interstock.  Furthermore, irrigation 
treatment at 125% of ETc had significantly the highest triple interaction in fruit juice acidity (Table 
9). 
 As for the effect of different irrigation rates on vitamin C content in fruit juice; the data listed 
in Table (9) clearly indicated that all different irrigation treatments including farmer irrigation 
treatment (the control); in both seasons, significantly increased vitamin C content in the juice. Both 
Balady lime interstock and single stock (without interstock) had significantly the highest vitamin C 
content; especially in the first season; yet, double interstock significantly reduced vitamin C 
percentages in fruit juice of Washington navel orange in the second one (Table 9). 
 Concerning the double and triple interactions; the results in Table (9) showed that irrigation 
treatments at 75, 125% of ETC and farmer irrigation treatment with either single  or double stocks × 
foliar K spray (without interstock); in both season, produced fruits that were markedly higher in 
vitamin C content and gave the best double and triple interactions. Also irrigation rate at 75% of ETC 
and farmer irrigation treatment X double interstock X foliar K spray, in the first season, produced 
fruits were significantly higher in vitamin C values and resulted in the best triple interactions. 
Moreover, foliar K spray greatly increased vitamin C percentages in the fruit juice and the differences 
were statistically significant during both seasons (Table 9). 
 These results are in general agreement with those reported by Zaghloul and Moursi (2017) on 
navel orange trees. They found that vitamin C content gave the highest values when the trees irrigated 
with (Irrigation at 100% of EP) or moderate irrigation compared with the lowest values of control 
fruits (Io). In addition, Hussien et al. (2013) mentioned that the highest values of ascorbic acid content 
exists in case of surface irrigation of Washington navel orange fruits compared with the methods 
which induced the least significant value in this respect. Moreover, El-Tanany et al. (2019) reported 
that irrigation rates at either 80% or 100% ETc with or without foliar potassium application gave the 
best interaction in vitamin C content.  
 
VI- Effect of different irrigation rates, Balady lime intersock versus single stock, foliar 
potassium application and their interactions on leaf water potential and stress index of 
Washington navel orange trees: 
 It was clear from Table (10) that both leaf water potential and stress index; generally all 
irrigation treatments mentioned herein, in both seasons, significantly reduced of these parameters 
mentioned above. Except, stress index of deficit irrigation treatment at 75% of ETC achieved 
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Table 10: Effects of different irrigation rates, Balady lime interstock, foliar application of potassium and their interactions on Leaf water potential and Stress index of 
Washington navel orange trees during 2016 and 2017 seasons.  

Irrigation 
treatment 

(I) 

K 
Level 

2016 2017 
LWP (MPa) 

Ave. 
Stress Index 

Ave. 
LWP (MPa) 

Ave. 
Stress Index 

Ave. 
S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 -2.02 -0.57 -1.29 1.13 3.53 2.33 -2.17 -0.37 -1.27 -0.40 1.77 0.68 
K1 -1.87 -0.60 -1.23 -0.40 1.40 0.50 -2.40 -0.40 -1.40 1.20 1..90 1.55 

Average -1.94 -0.58 -1.26 0.37 2.47 1.42 -2.28 -0.38 -1.33 0.40 1.83 1.12 

I2: 100% ETC 
 

K0 -2.17 -0.46 -1.31 -1.27 -1.30 -1.28 -2.27 -0.58 -1.42 -1.07 0.57 -0.25 
K1 -2.23 -0.40 -1.32 -0.30 -1.33 -0.82 -2.27 -0.27 -1.27 -1.70 -2.80 -2.25 

Average -2.20 -0.43 -1.31 -0.78 -1.32 -1.05 -2.27 -0.43 -1.35 -1.38 -1.12 -1.25 

I3: 125% ETC 
 

K0 -1.60 -0.41 -1.01 -0.97 -2.90 -1.93 -1.50 -0.33 -0.92 -2.17 -0.50 -1.33 
K1 -1.87 -0.31 -1.09 -1.77 -1.93 -1.85 -1.80 -0.34 -1.42 1.50 -0.87 -1.18 

Average -1.73 -0.36 -1.05 -1.37 -2.42 -1.089 -1.65 -0.34 -0.99 -1.83 -0.68 -1.26 

I4: farmer irrigation 
 

K0 -1.20 -0.48 -0.84 0.67 -0.57 0.05 -0.57 -0.50 -.054 0.53 0.07 0.30 
K1 -0.47 0.44 -0.45 0.90 -1.20 -0.15 -1.23 -0.41 -0.82 0.90 -0.23 0.33 

Average -0.83 -0.46 -0.65 0.78 -0.88 -0.05 -0.90 -0.46 -0.68 0.72 -0.08 0.32 
S . Average -1.68 -0.46  -0.25 -0.54  -1.78 b -0.40  -0.53 -0.01  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 
K0 -1.75 -0.48 -1.11 -0.11 -0.31 -0.21 -1.63 -0.45 -1.14 -0.78 0.48 -0.15 
K1 -1.61 -0.44 -1.02 -0.39 -0.77 -0.58 -1.93 -0.36 -1.04 -0.28 -0.50 -0.39 
LSD0.05: LSD0.05: LSD0.05: LSD0.05: 
I = 0.12 S =    0.088       K= 0.09 I = 0.59 S= ns K= ns I = 0.12 S= 0.09 K= 0.09 I = 0.44 S= 0.31 K= ns 

I*S= 0.24 I*K= ns K*S= 0.35 I*S= 1.03 I*K= 1.25 K*S= ns I*S= 0.24 I*K=ns 
K*S= 
0.37 

I*S= 1.04 I*K=1.01  
K*S=  
1.14 

I*S*K= 0.25 I*S*K= 1.18 I*S*K= 0.24 I*S*K= 0.89 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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significantly the highest stress index when compared with other irrigation treatments during both 
years of study.  
 Balady lime interstock and single stock (without interstock) markedly decreased leaf water 
potential and the differences were insignificant in the first season; yet, significant in the second one 
(Table 10). Conversely, double stock greatly increased both leaf water potential and stress index 
especially in the second season whilst in the first one; the difference was insignificant. Moreover 
foliar K spray significantly raised leaf water potential compared with unsprayed control trees. 
However, stress index was not significantly affected by foliar application of potassium. 
 Double and triple interactions; all irrigation treatments with double stock × foliar K 
application, in both seasons, significantly achieved significantly the highest leaf water potential 
compared with single stock (without an interstock). However, stress index; only deficit irrigation 
treatment at 75% of ETC with double stock with or without foliar K spray had stress index was 
significantly supremacy during both seasons of the study and gave the best double and triple 
interactions compared to other double and triple interactions and double and triple interactions with 
single stock (Table 10). On the contrary, single stock recorded significantly the worst triple 
interactions with either irrigation treatments or foliar K spray for both leaf water potential and stress 
index.  
 The forecited results seemed to be in agreement with those reported by EL-Tanany et al. 
(2019) who found that irrigation treatments at either 60% or 80% of ETc had significantly higher leaf 
water potential. Sayan and Somjum (2008) reported that the correlation between soil moisture and leaf 
water potential was low (r2= 0.66); but high correlation between soil moisture and stem water 
potential was (r= 0.80) and that stomatal conductance was highly correlated with stem water potential 
appears to be a sensitive indicator to assess water stress in neck orange. Moreover, Mara Gomes et al. 
(2008) pointed out as the stress become more severe, abscisic acid (ABA) accumulation, stomatal 
closure occurred resulted in decrease transpiration and the leaf water potential decreased in Pera 
orange tress. This was exactly in accordance with our results that leaf water potential negatively 
correlated with stress index in Washington navel orange sciions. In addition Balady lime interstock 
markedly increased leaf water potential values which ranged from- 0.31 to- 0.60 Mp when compared 
to single stock in this respect which gave leaf water potential ranged from -0.47 to -2.40 Mp. 
 Our results proved that foliar potassium application significantly affected leaf water potential 
but had no effect on stress index parameter, in the same direction, EL-Tanany et al. (2019) reported 
that foliar potassium spray greatly increased stress index of Washington navel orange trees, but the 
difference were insignificant in both season of the study, although irrigation rates at 60 or 80 % of 
ETC with foliar spray of potassium gave the best interaction with significant differences for leaf water 
potential. 
 
VII- Effect of different irrigation treatments, Balady lime interstock, foliar application of 
potassium and their interactions on leaf chemical composition of Washington navel orange 
trees: 
 
A- Leaf proline and nitrogen contents: 

The data presented in Table (11) showed that all irrigation treatments markedly increased leaf 
proline concentrations during both experimental seasons, yet the differences were not significant in 
the first season, but significant in the second one. These results partially agreed with those reported by 
EL-Tanany  et al. (2019) on Washington navel orange trees who found that leaf proline content was 
not significantly different or the differences  were not high enough to be significant during the first 
season of the study. Adriano et al. (2004) using olive trees (Olea europaea L.) reported that the level 
of proline (PRO) increased with the severity of drought stress in both leaves and roots. They observed 
that significant increases of lipoxygenase activity and malondialdehyd content during the progressive 
increment of drought that the accumulation of PRO indicates could be used as an index of drought 
stress in olive trees. The previous comment is concomitant on citrus trees. The data also indicated that 
Balady lime interstock did not markedly influence leaf proline content and the differences between 
double and single stocks were not statistically significant. Similarly, foliar potassium application did 
not significantly affected on leaf proline concentration (Table 11). 
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Table 11: Effects of different irrigation rates, Balady lime interstock,  ,foliar application of potassium and their interactions on  leaf Proline and Nitrogen  contents of Washington 
navel orange trees during  2016 and 2017. 

Irrigation 
treatment 

(I) 

K 
Level 

2016 2017 

Proline (ppm) 
Ave. 

Nitrogen% 
Ave. 

Proline (ppm) 
Ave. 

Nitrogen % 
Ave. 

S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 3.32 4.00 3.66 2.62 1.62 2.12 2.54 2.03 2.28 2.88 2.82 2.85 

K1 2.98 2.64 2.81 1.24 3.02 2.13 2.98 3.52 3.25 2.68 3.16 2.92 

Average 3.15 3.32 3.24 1.93 2.32 2.64 2.76 2.78 2.77 2.78 2.99 2.88 

I2: 100% ETC 
 

K0 2.20 3.57 2.89 3.10 2.70 2.90 2.44 2.24 2.34 2.76 2.74 2.75 

K1 3.55 2.57 3.06 2.58 2.19 2.38 3.59 1.83 2.71 2.70 3.36 3.03 

Average 2.88 3.07 2.97 2.84 2.45 2.12 3.02 2.04 2.53 2.73 3.05 2.89 

I3: 125% ETC 
 

K0 2.91 1.83 2.37 0.85 3.17 2.01 3.82 2.69 3.25 2.60 2.89 2.75 
K1 3.20 2.23 2.71 0.85 3.49 2.17 3.49 2.38 2.93 1.86 3.08 2.46 

Average 3.05 2.03 2.54 0.85 3.33 2.09 3.65 2.53 3.09 2.23 2.99 2.61 

I4: farmer irrigation 
 

K0 1.92 2.67 2.29 2.41 1.49 1.95 2.02 5.71 3.87 2.41 1.60 2.01 

K1 1.11 5.32 3.21 2.83 1.58 2.21 1.05 2.44 1.75 1.10 3.37 2.24 

Average 1.51 3.99 2.75 2.62 1.54 2.08 1.54 4.08 2.81 1.76 2.49 2.12 

S . Average 2.65 a 3.10  2.06 2.41  2.74 2.85  2.37 2.88  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 
K0 2.59 3.02 2.81 2.25 2.25 2.25 2.70 3.17 2.93 2.66 2.51 2.59 

K1 2.71 3.19 2.95 1.88 2.57 2.22 2.78 2.54 2.66 2.08 3.24 2.66 

LSD 0.05: LSD 0.05: LSD .05: LSD 0.05: 
I = 12.26 S = ns K= ns I = 0.22 S=0.16 K= ns I = ns S= ns K= ns I = 0.26 S= 0.18 K= 0.18 

I*S= 1.25 I*K= ns K*S= ns I*S= 0.56 I*K= ns K*S= ns I*S= 1.23 I*K=1.35 K*S=ns I*S= 0.64 I*K=0.72 
K*S=  
0.45 

I*S*K= 1.52 I*S*K= 0.45 I*S*K= 1.34 I*S*K= 0.52 
Means within a column with the same letter are not significantly different. 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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For double and triple interactions; data in Table (11) revealed that Balady lime interstock with farmer 
irrigation treatment with or without foliar K sprays; in both seasons, gave the highest double and triple 
interactions interaction and the differences were statistically significant as well as double interactions 
between irrigation rate at 75% ETC with double stock, in the first season, gave significantly the 
highest interaction when compared to other double interactions and double interactions with single 
stock in this respect. 

As for the effect of different irrigation rates on leaf nitrogen content, the data in Table (11) 
exhibited that irrigation treatment at 75% of ETC, in both seasons, significantly surpassed leaf 
nitrogen content when compared with other irrigation rates including farmer irrigation treatment (the 
control). The same trend was also obtained for leaf proline concentration. In agreement with this 
result those reported by El-Tanany et al. (2019) on Washington navel orange trees; who found that 
irrigation shortage at 60% of ETC resulted in higher leaf nitrogen content when compared to other 
irrigation treatments. Srivastava and Singh (2008) reported that nutrient composition of “Nagpur” 
mandarin leaves showed a different response to irrigation treatments. They stated that all deficit 
irrigation regimes produced the higher concentrations of nitrogen, phosphorus and potassium 
percentages was caused by higher tree uptake in soil under deficit irrigation (DI). Besides, the amount 
of N, P and K in leafs was adequate in all the DI treatments and the increment in leaf nutrient 
concentration was positively correlated with increase in irrigation rates from 40 Ecp to 100% Ecp. 
Morever, Balady lime interstock (double stock) significantly increased leaf nitrogen content when 
compared to single stock. This result hold true during both seasons of the study. EL-Tanany (2017) 
indicated that the interstock of Balady lime increased the percentages of leaf macronutrients contents 
of Washington navel orange trees.  
  Double and triple interactions for leaf nitrogen content among irrigation treatments with 
Balady lime double stock versus single stock × foliar K application; data in Table (11) clearly 
indicated that irrigation treatment at 125% of ETc with double stock (Balady lime interstock) with or 
without foliar K spray; in both seasons inclined significantly the highest double interaction of leaf 
nitrogen content compared to other double and triple interactions of single stock. Moreover, double 
and triple interactions for irrigation rates at 75%, 100% and 125% of ETC; with double stock; in the 
second season, gave significantly the highest double and triple interactions in this respect. 
 

B. Leaf calcium and magnesium contents: 
 Data exhibited in Table (12) revealed that generally; both leaf calcium and magnesium 
contents were not greatly affected by all irrigation rates and the differences were not significant, 
except farmer irrigation treatment which had significantly higher leaf calcium content but 
significantly reduced leaf magnesium percentage compared to irrigation rate at 125% of ETC during 
the second season of the study and the difference was significant.  

Concerning the effects of Balady lime interstock versus single stock (without interstock) on 
both leaf calcium and magnesium; it was clear that both calcium in the first season and magnesium in 
the second one were not greatly affected by Balady lime interstock and the differences between 
double and single stocks were not significant in this respect (Table 12). Belge et al. (2014) studied the 
effects of Star Ruby grapefruit and Minneola tangelo interstocks on leaf mineral content of Kutdiken 
lemon scions. They reported that, in general interstocks had no significant influence on the leaf 
calcium and magnesium. On the contrary, Balady lime interstock (double stock); in the second 
season; significantly increased leaf calcium content, but significantly decreased leaf magnesium 
percentage; especially in first season of the study. Furthermore, foliar potassium sprays did not 
significantly affect either leaf calcium or magnesium contents. These results were true during both 
seasons of the study. This result disagree with found by Koo and Reese (1977) using ، Temple" 
orange (citrus hybrid) on “Cleopatra” mandarin rootstock; who found that increased potassium rates 
raised leaf K but lowered leaf magnesium content.  Data in hand are in line with those obtained by 
EL-Tanany et al. (2019) using Washington navel orange; who reported that leaf calcium content was 
not affected by foliar potassium sprays; while leaf magnesium markedly reduced with foliar 
potassium spray (Table 12). 
 The influence of double and triple interactions on both leaf calcium and magnesium 
percentages; data in Table (12) showed that double stock (Balady lime interstock) with irrigation 
treatment at 75% of ETC with or without foliar K spray; in both seasons; markedly increased leaf 
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Table 12: Effect of different irrigation rates, Balady lime interstock,  ,foliar application of potassium and their interactions on both  leaf Calcium and Magnesium 
contents of Washington navel orange trees during 2016 and 2017 seasons.  

Irrigation 
treatment  

(I) 

K 
Level 

2016 2017 
Ca % 

Ave. 
Mg % 

Ave. 
Ca % 

Ave. 
Mg % 

Ave. 
S1 S2 S1 S2 S1 S2 S1 S2 

I1: 75% ETC 
 

K0 3.16 5.80 4.48 3.63 1.62 cd 2.62 2.99 4.92 3.95 3.23 3.37 3.30 
K1 3.51 4.57 4.04 1.19 2.64 1.91 2.29 5.27 3.78 1.53 3.26c 2.40 

Average 3.34 5.18 4.26 2.41 2.13 2.27 a 2.64 5.10 3.87 2.38 3.32 2.85 

I2: 100% ETC 
 

K0 3.86 5.62 4.74 3.74 1.67 2.71 a 4.04 2.99 3.52 3.85 1.51 2.68 
K1 3.51 3.52 3.52 3.12 1.87 2.50a 4.04 3.69 3.87 3.20 2.30 2.75 

Average 3.69 4.57 4.13 3.43 1.77 2.60 a 4.04 3.34 3.69 3.53 1.90 2.72 

I3: 125% ETC 
 

K0 2.99 5.27 4.13 2.53 2.61 2.22 a 2.99 4.22 3.60 3.06 3.15 3.11 
K1 3.52 3.16 3.34 2.13 2.61 2.37 a 2.99 3.87 3.43 2.84 2.78 2.81 

Average 3.25 4.22 3.73 2.33 2.26 2.29 a 2.99 4.04 3.52 2.95 2.96 2.96 

I4: farmer irrigation 
 

K0 4.21 2.99 3.60 2.78 1.70 2.24 a 3.69 3.34 3.51 1.70 1.76 1.73 
K1 4.34 2.11 3.23 3.46 2.18 2.82 a 4.21 5.10 4.66 2.55 1.81 2.18 

Average 4.28 2.55 3.41 3.12 1.94 2.53 a 3.95 4.22 4.08 2.13 1.79 1.96 

S . Average 3.64 4.13  2.82 2.02  3.40 4.17  2.75 2.49  

K * S 
    

S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K S1 S2 Mean K 
K0 3.65 4.92 4.24 3.17 1.72 2.45 3.43 3.87 3.65 2.96 2.45 2.70 
K1 3.72 3.33 3.53 2.47 2.32 2.40 3.38 4.48 3.93 2.53 2.54 2.53 

LSD0.05: LSD0.05: LSD0.05: LSD0.05: 
I = ns S = ns K= ns I = ns S= 0.54 K= ns I = 0.52 S= 0.37 K= ns I =0.92 S= ns K= ns 
I*S= 1.54 I*K= ns K*S=  1.12 I*S= 1.17 I*K= ns K*S= 0.80 I*S= 0.81 I*K=1.14 K*S= 0.74 I*S= 1.26 I*K= 1.36 K*S=  ns 

I*S*K= 2.13 I*S*K= 1.54 I*S*K= 1.04 I*S*K= 1.84 
Means within a column with the same letter are not significantly different. 
 
I = Irrigation rates  
S1= Single stock (Washington navel orange/ Sour orange rootstock)(control treatment).     
S2= Double stock (Washington navel orange/ Balady lime /Sour orange rootstock). 
K= Potassium application ( K0 without potassium sprays (control) and K1 foliar application of potassium). 
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calcium and magnesium contents the differences were significant compared with other double and 
triple interactions and interactions with single stock. Conversely, leaf magnesium content; double and 
triple interactions between single stock with irrigation treatments at 100 and 125% of ETC with or 
without foliar K spray markedly raised leaf magnesium percentages compared to other both 
interactions with double stock (Table 12). 
 Our results proved that both leaf calcium and magnesium contents were not greatly affected 
by different irrigation rates; this result agreed with those reported by Koo and Reese (1977) working 
on ، Temple” orange who found that irrigation treatments showed no consistent trend on leaf 
macronutrients. Besides, El-Tanany et al. (2019) reported that the interstock of Balady lime increased 
the percentages of leaf macronutrients contents of Washington navel orange scions when compared 
with that of the control trees (without an interstock) yet, the differences were insignificant. The data in 
Table (12), also showed that single stock (Washington navel orange/sour orang rootstock) increased 
leaf Mg content with increasing irrigation rates; this might attributed to sour orange rootstock caused 
an increased the availability of nutrients in the soil including magnesium level. On other side, 
Labanauskas and Bitters (1974) studied the influences of interstock and rootstock on the 
macronutrients of Valencia orange leaves. They found that there were slight differences of interstock 
effects on all elements; including N, P, K, Ca and magnesium; they were all in the optimum range. 
Moreover, our results confirmed that Balady lime interstock significantly increased leaf calcium 
content which play an important role in fruit set fixating by conjugating with middle lamella; 
therefore, Balady lime interstock grafting caused an increment of fruit yield under irrigation rate at 
100% of ETc.  
 
VIII-Applied irrigation water (AIW) for Washington navel orange trees. 

Measured pan evaporation values (mm/d) and applied irrigation water for Washington navel 
orange trees during the 2016 and 2017 seasons are presented in Table 13. Results indicated that 
average monthly amounts of irrigation water applied to the trees varied form 17.48 L/tree/d during 
January and reached its maximum value of 73.26 L/tree/d during Aug. (Table 13). Hence, it could be 
concluded that the moderate irrigation (3601.29 m3/fed./year) as appropriate at 100% of ETC for 
Washington navel orange trees in sandy soil. Applying this treatment (100% of ETC) saved about 
30.63% of the amount of irrigation water/fed./year compered of farmer irrigation treatment. 
 
Irrigation water use efficiency (IWUE). 
 Data presented in (Table 14) revealed that the average irrigation water use efficiency (IWUE) 
values obtained under the experimental conditions in El-Boustan area for T1, T2, T3 and farmer 
irrigation treatments with or without foliar application with potassium solution under single stock 
(without interstock) or double stock (Balady lime interstock) proved that the highest values of IWUE 
(m3 fed-1) were noticed under drip irrigation at 75% of ETc with foliar application with potassium 
under double stock during two experimental seasons of study. On the contrary, the lowest values of 
IWUE (m3 fed-1) were observed when irrigation was applied at 125% of ETo without potassium 
application under single stock during 1st and  2nd  seasons. Irrigation at 100% of ETc was intermediate 
in IWUE (m3 fed-1) with potassium spray . These results agreement with those obtained by García-
Tejero et al. (2011) on sweet orange, Abo El-Enin (2012) on Washington Navel, Panigrahi et al. 
(2014) on ‘Kinnow’ mandarin and Fiorella et al. (2015) on mature orange trees cv. “Tarocco Meli”. 
They found that the highest IWUE values were resulted from the deficit irrigation treatment, whereas 
the lowest values were obtained under control treatment (100 ETo) due to much applied irrigation 
water. 
 
Conclusion 
 Overall, it could be concluded that irrigation treatment at 100% of ETC was the most efficient 
treatment to achieve an increment fruit number/tree, fruit yield (Kg/tree), fruit size and its weight of 
Washington navel orange scions, especially with Balady lime interstock (double stock) without 
potassium sprays and gave the best interactions (double & triple interactions) among the 
forementioned parameters. Furthermore, deficit irrigation water rate at 75% of ETC produced fruits 
were significantly higher TSS, TSS/acid percentages, leaf water potential, stress index, leaf proline 
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Table 13: Evapotranspiration values (mm/d) and applied irrigation water (AIW) for Washington navel orange trees during 2016 and 2017 seasons. 
 2016 2017 

Month 
100% of ETc Farmer Irrigation 100% of ETc Farmer Irrigation 

ETo 
(mm/d) 

AIW 
L/tree/d 

m3/mon/fed L/tree/d m3/mon/fed 
ETo 

(mm/d) 
AIW 

L/tree/d 
m3/mon/fed L/tree/d m3/mon/fed 

Jan. 2.48 18.69 152.5 36.00 234.36 2.32 17.48 142.6 34.00 221.34 
Feb. 3.73 32.79 201.6 45.00 264.60 3.12 27.43 168.6 43.00 279.93 
Mar. 4.71 30.89 270.3 56.00 364.56 4.35 28.53 249.6 60.00 390.60 
Apr. 6.89 50.96 366.2 64.00 403.20 5.70 42.16 302.9 64.00 416.64 
May 7.77 52.05 414.0 80.00 520.80 7.16 47.96 381.5 79.00 514.29 
Jun. 9.06 72.07 467.2 80.00 504.00 8.26 65.71 425.9 83.00 540.33 
Jul. 8.46 69.66 450.8 90.00 585.90 8.56 70.48 456.1 86.00 559.86 

Aug. 7.68 72.88 409.2 75.00 488.25 7.72 73.26 411.3 74.00 481.74 
Sep. 6.73 58.23 352.4 75.00 472.50 6.69 57.88 350.3 72.00 468.72 
Oct. 4.97 47.16 277.0 60.00 390.60 4.90 46.50 273.1 63.00 410.13 
Nov. 3.71 38.83 203.1 40.00 252.00 3.18 33.28 174.1 41.00 266.91 
Dec. 2.38 26.24 146.3 30.00 195.30 2.54 28.00 156.2 28.00 182.28 
Sum   3710.38  4676.07   3492.2  4732.77 

 
Table 14: Effect of tested treatments on applied irrigation water and irrigation water use efficiency with and without foliar potassium application of Washington navel orange 

trees through 2016 and 2017 seasons. 

IRR 
Treatment 

2016 2017 
Single Stock Double stock Single Stock Double stock 

AIW* 
(m3 fed-1) 

IWUE (kg m-3 water applied) IWUE (kg m-3 water applied) AIW* 
(m3 fed-1) 

IWUE (kg m-3 water applied) IWUE (kg m-3 water applied) 

Without 
Potassium 

With Potassium 
sprays at 1.0% 

Without 
Potassium 

With Potassium 
sprays at 1.0% 

Without 
Potassium 

With Potassium 
sprays at 1.0% 

Without 
Potassium 

With Potassium 
sprays at 1.0% 

I1: 75% ETC 

I2: 100% ETC 

I3: 125% ETC 

I4:farmer 
irrigation 

2782.8 
3710.4 
4638.0 
4676.1 

4.24 
2.71 
2.02 
2.96 

5.78 
4.31 
2.41 
3.42 

6.12 
4.53 
2.95 
2.55 

6.59 
4.48 
3.42 
3.59 

2619.2 
3492.2 
4365.3 
4732.8 

2.52 
3.12 
2.15 
2.33 

4.78 
4.42 
2.94 
2.31 

4.49 
5.46 
3.23 
2.80 

6.45 
5.24 
4.31 
3.46 

AIW: Applied irrigation water, IWUE: Irrigation water use efficiency. 
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concentration and increased leaf contents of nirtogen, calcium and magnesium; particularly with 
double stock and afforded the best interactions without potassium sprays. 

Irrigation treatments at either 75% or 100% ETC; produced fruits significantly with the highest 
diameter growth rate; also, increased vitamin C , acidity percentages in their fruit juice and leaf 
magnesium content; especially with single stock (without Balady lime interstock) and attained the 
best interactions in this respect. Adopting the treatment (100% of ETC) saved about 30.63% of the 
amount of irrigation water/fed./year comparing with farmer irrigation treatment. 
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