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ABSTRACT 
This study was carried out during the two successive growing 

seasons of 2013 and 2014 on seven years old "Washington Navel'' orange 
trees budded on Volkamer lemon grown at a commercial orchard near El-
Nubaria city, Beheira Governorate, Egypt, to evaluate the effect of different 
kinds of fertilizers with using the organic and bio-fertilization partially instead 
of completed mineral fertilizers as applied at 33.33 to 100 % out of the 
recommended NPK rate. Organic fertilizers (compost) with three natural rocks 
(rock phosphate , feldspar and mixed mineral ore) were applied with or 
without bio-fertilizers (Azospirillum lipoferum for N, Bacillus megaterium for P 
and Bacillus circulans for K) at 25g/tree on soil properties, vegetative growth 
and fruit yield under three different irrigation levels (1- Actual irrigation 
practiced in the orchard (control) 100%, 2- Irrigation at 75% of control and 3- 
Irrigation at 50% of control) in sandy soil under drip irrigation system. The 
results indicated that use of moderate irrigation (2919.34 - 3157.88 
m3/fed./year) and the fertilization program/fed./year (33.33% mineral NPK + 
33.33% organic NPK + 33.33% mixed mineral ore + bio-fertilizer NPK) 
followed by (50% organic NPK + 50% mixed mineral ore + bio-fertilizers NPK) 
exhibited decrease in pH and increased (EC, O.M., available macronutrients 
(NPK), soil microorganisms content and dehydrogenase activity) and improve 
most of vegetative growth parameters particularly trunk cross-sectional area 
(TCSA), canopy volume (CV), number of shoots, average shoot length, average 
shoots diameter and number of leaves/shoot at the spring growth cycle, leaf area, 
leaf dry weight and specific leaf weight in both seasons and achieving the best fruit 
yield with its components as number of fruits/tree, kg/tree, ton/fed. and yield 
efficiency (YE). While the deficit irrigation treatment (level 3) with the same 
fertilization program resulted in an increase field water use efficiency (FWUE) 
and water productivity (WP). Therefore, both two programs are recommended for 
orange farmers to save about 25% of irrigation water and replaced about 
66.66% of chemical fertilizers by others of natural source and safe for human 
and environment without any negative responses on soil properties, 
vegetative growth and yield assuring higher profit for "Washington Navel" 
orange trees growers under conditions of this study. 
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1. INTRODUCTION 

Citrus consider being one of the most important fruit crops in the 
world, especially under warm temperate regions, which occupies the third 
position between fruit crops after grapes and apples. Moreover, citrus is a 
major fruit crop cultivated in Egypt as its acreage, production and 
exportation potentialities are concerned. Washington Navel orange is 
considered the major citrus species in Egypt and has one of the best fruit 
extractions. Moreover, it is popular fruit in Egypt, because it's nice, low 
price and nutritive value whereas, the total cultivated area is about 
185892 fed., and the fruiting acreage about 157793 fed which produced 
about 1531952 tons according to Ministry of Agriculture and Land 
Reclamation (2014) . It is well known that 70-80% of the total water usage 
worldwide is associated with agriculture especially in arid and semiarid 
areas of the planet (García-Tejero  et al., 2010). Irrigation is one of the 
most important cultural practices involved in growing citrus in Egypt. The 
amount of water available under the arid and semi-arid regions as Egypt 
is the main economic limiting factor to the extension of agriculture 
especially in the newly reclaimed areas. Within the context of Egyptian 
horticultural practices the worst is excessive irrigation. The trees receive 
far too much water than required and the irrigation regime is out phase 
with the physiological development stage of the tree. Thus, excessive 
irrigation with far too much nitrogen given at the wrong times causes the 
trees to cycle into foliar growth flushes when they should be dormant 
and/or flowering. Rationalizing irrigation water cycles and amount applied 
will help trees to go dormant during the winter months. Strategy is needed 
in Egypt to save water by improving water use efficiency (WUE) or water 
productivity (WP). Using different strategies is a key concept to solve the 
problem of water scarcity. So nowadays, efforts are being focused on 
developing not only alternative irrigation methods but also new water 
management methods in order to reduce water dosages with maintaining 
maximum tree growth without negative effect on yield and fruit quality 
(Fereres and Soriano, 2007) . Pollution is one of the most important 
problems affecting human health, especially when the edible part of the 
plant is polluted with any of pollutants. In this respect, using synthetic 
chemicals causes the accumulation of harmful residual substances like 
NO2 and NO3 in the fruit. On the same line, pollution is considered the 
major problem that faces the exportation process. The question is how to 
produce more safe fruit for human health avoiding the use of chemicals. 
Continuous application of natural substances is promising in the long run, 
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beside, the high cost of mineral fertilization is a big problem facing citrus 
growers. Therefore, a great attention was realized to fulfill the nutrient 
requirements of fruit trees from organic sources as compost with natural 
rocks and bio fertilizers as an alternative to chemical fertilizers (El-
Haddad et al., 1993). Application of organic and bio-fertilizers were 
considered an important tools to enhance the yield and fruit quality of 
citrus through increases the organic matter in the soil and also enhances 
soil physical and chemical properties and biological activities (Shiralipour 
et al., 1992). The importance of application of natural rocks (rock 
phosphate, feldspar and mixed mineral ore) may be attributed to their 
release of macro elements which make converting them in soluble forms. 
Utilization of these rocks as natural fertilizer has been received significant 
interest in the recent years since it is natural, inexpensive and available 
fertilizer (El-Haggar et al., 2004 and Mohamed, 2008) . Generally, the 
main objective of this investigation was to evaluate the effect of different 
kinds of fertilizers on soil properties, vegetative growth and yield of 
"Washington Navel" orange trees under drip irrigation system in sandy 
soil. In particular, this study is an attempt on the hope to rationalize 
irrigation water and to minimize chemical pollution in the environment. 

 
MATERIALS AND METHODS 

 The present investigation was carried out during the two 
successive growing seasons of 2013 and 2014 on seven years old 
"Washington Navel'' orange trees (Citrus sinensis L., Osbek) budded 
on Volkamer lemon (Citrus volkameriana L.), planted at 4 x 6 meters 
apart (175 trees/fed.) and grown on a sandy soil at a commercial 
orchard near El-Nubaria city, Cairo Alexandria desert road, Beheira 
Governorate, Egypt. The trees were irrigated with Nile water under drip 
irrigation system and received the same cultural practices as usually 
done in this area. Soil samples from the experimental site were 
analyzed before the study began to determine main soil physical and 
chemical properties (Page et al., 1982). The data representing soil 
analysis are listed in Tables (1 and 2). 
 
Table (1): Some physical properties and soil moisture constant for the 

experiment site 
Soil 

depth 
(cm) 

Particle size 
distribution (%) 

Textural 
class 

Field 
capacity 

 (%) 

Wilting 
point 
 (%) 

Available 
water 
(%) 

Bulk 
density 
(g/cm3) Sand Silt Clay 

0-30 
30-60 
60-90 

91.60 
92.80 
93.18 

2.98 
2.72 
2.94 

5.42 
4.48 
3.88 

Sandy 
Sandy 
Sandy 

12.32 
12.10 
11.80 

4.25 
4.21 
4.19 

1.80 
1.60 
1.50 

1.65 
1.66 
1.68 
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Table (2): Some chemical properties of the experimental soil 
Soil 

depth 
(cm) 

pH EC 
(dS 
m-1) 

 

O.
M. 
(%) 

Soluble cations 
(meq/L) 

Soluble anions 
(meq/L) 

Available 
macronutrients 

(mg kg-1) 
Na

+ 
Ca
++ 

Mg+

+ 
K+ Cl- 

 
HC
O3

- 
SO4

- 
N P K 

0-30 8.95 0.48 0.1 2.
53 

1.
45 

0.6
0 

0.
18 

2.
00 

2.2
3 

0.5
3 

18.
25 

6.
50 

62.
01 

30-60 8.92 0.43 0.0
6 

2.
31 

1.
27 

0.5
6 

0.
15 

1.
82 

2.1
0 

0.3
8 

17.
20 

5.
10 

60.
00 

60-90 8.89 0.21 0.0
4 

2.
18 

1.
15 

0.4
9 

0.
11 

1.
75 

1.9
7 

0.2
1 

15.
85 

4.
00 

53.
40 

 
One hundred forty-four trees were selected as uniform as possible 

in size and vigor. The experiment was designed as split plot in 
randomized complete blocks as follows: 

 
A.   Three irrigation levels were allocated in the main plots as 

follows: 
1- Actual irrigation practiced in the orchard (control) 100%. 
2- Irrigation at 75% of control. 
3- Irrigation at 50% of control. 

The amount of water was controlled through using 16, 12, 8 
emitters/tree (4L/hr) at 50 cm on two lateral lines 100 cm from the tree 
trunk each side. The irrigation amount of experiment was calculated by 
the following equation: Irrigation amount water = Number of drippers x 
Discharge of irrigation water (L/hr) x Operating time. 

The working hours of irrigation and the quantity of irrigation water 
applied (m3/tree) in the different irrigation treatments during each 
growing season were different for spring, summer, autumn and winter 
as shown in Table (3). 

 
B.  Eight fertilization treatments were allocated in s ubplots 
(Table 4);  the recommended doses of mineral fertilization N, P and K 
were 140, 40 and 100 units/fed., respectively. Calcium super 
phosphate (15.5% P2O5) was added to the soil on the last week of 
January in two trenches with depth of 50 cm and 100 cm from the 
trunk at both sides. While, ammonium sulphate (20.6% N) was added 
at three times at the second week of February, May and August. 
Meanwhile, potassium sulphate (48% K2O) was added into two equal 
doses in second week of February and August in both seasons. 
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Table (3): Applied water quantity of irrigation water (m3/tree/year) in the 
different irrigation treatments under drip irrigation system in this 
experiment in 2013 and 2014 seasons 

2013 season 

Months 

Working time/day 
Level 1 (Cont.) (24.06) 

m3/tree/year 
Level 2(18.05) 
m3/tree/year 

Level 3(12.03) 
m3/tree/year 

Hour  Minute 

Applied 
water 

liter/hour/ 
tree 

Total applied 
water 

Applied water 
liter/hour/tree 

Total applied 
water 

Applied 
water 

liter/hour/ 
tree 

Total applied 
water 

Spring and autumn 
March-April-September-

October 
1 4.36 64 8375 48 6281.5 32 4187.7 

Summer 
May-June-July-August 

1 20.87 64 10610 48 7957.6 32 5305 

Autumn and winter 
November-December-

January-February 
 39.65 64 5075 48 3806.4 32 2537.6 

Liter/tree/year   24060 18045 12030 
m3/tree/year   24.06 18.05 12.03 

2014 season 

Months 

Working time/day 
Level 1 (Cont.) (22.24) 

m3/tree/year 
Level 2(16.68) 
m3/tree/year 

Level 3(11.12) 
m3/tree/year 

Hour Minute 

Applied 
water 

liter/hour/ 
tree 

Total applied 
water 

Applied water 
liter/hour/tree 

Total applied 
water 

Applied 
water 

liter/hour/ 
tree 

Total applied 
water 

Spring and autumn 
March-April-September-

October 
 59.67 64 7765 48 5823.8 32 3882.5 

Summer 
May-June-July-August 

1 16.18 64 9995 48 7496.1 32 4997.4 

Autumn and winter 
November-December-

January-February 
 34.96 64 4475 48 3356.2 32 2237.4 

Liter/tree/year   22235 16676 11117 

m3/tree/year   22.24 16.68 11.12 

 
Table (4): Summary of different kinds of fertilizers treatments 

Fertilization treatments Quantity (kg/tree/year) 
100% mineral NPK (control) 3.88 kg ammonium sulphate (20.6% N), 1.47 kg calcium super phosphate (15.5% P2O5) and 

1.19 kg potassium sulphate (48% K2O). 
100% organic NPK 57.14 kg compost (1.4% N), 1.14 kg rock phosphate (20% P2O5) and 6.97 kg feldspar (8.2% 

K2O). 
100% organic NPK + bio-
fertilizer NPK 

57.14 kg compost (1.4% N), 1.14 kg rock phosphate, 6.97 kg feldspar and 25 g bio-fertilizer. 

100% mixed mineral ore 5 kg mixed mineral ore, 3.71 kg ammonium sulphate, 28.57 kg compost and 4.57 kg feldspar.  
50% mineral NPK + 50% 
organic NPK 

1.94 kg ammonium sulphate, 0.740 kg calcium super phosphate and 0.600 kg potassium 
sulphate + 50% of the previous organic recommended fertilizers 28.57 kg compost, 0.570 kg 
rock phosphate and 3.49 kg feldspar. 

50% organic NPK + 50% 
mixed mineral ore 

28.57 kg compost, 0.570 kg rock phosphate and 3.49 kg feldspar + 50% of the previous mixed 
mineral ore recommended fertilizers 2.5 kg mixed mineral ore, 1.86 kg ammonium sulphate, 
14.29 kg compost and 2.29 kg feldspar. 

50% organic NPK + 50% 
mixed mineral ore + bio-
fertilizers NPK 

28.57 kg compost, 0.570 kg rock phosphate and 3.49 kg feldspar + 50% of the previous mixed 
mineral ore recommended fertilizers 2.5 kg mixed mineral ore, 1.86 kg ammonium sulphate, 
14.29 kg compost, 2.29 kg feldspar and 25 g bio-fertilizer. 

33.33% mineral NPK + 33.33% 
organic NPK + 33.33% mixed 
mineral ore + bio-fertilizer NPK 

1.29 kg ammonium sulphate, 0.490 kg calcium super phosphate and 0.400 kg potassium 
sulphate + 19.05 kg compost, 0.380 kg rock phosphate and 2.32 kg feldspar + 1.67 kg mixed 
mineral ore, 1.24 kg ammonium sulphate, 9.52 kg compost and 1.52 kg feldspar + 25 g bio-
fertilizer. 

 
The organic source of NPK namely compost AL-Wadi (1.4% N) 

was obtained from Delta Bio Tec. Company as present in Table (5). In 
addition, natural rock phosphate that used in this work contained (20% 
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P2O5); feldspar natural rock contained (8.2% K2O) and mixed mineral 
ore as present in Table (6). They were applied in this form of finely 
(100-mesh) ground nature product were obtained from Al-Ahram for 
Mining Company. Bio-fertilizers namely (Azospirillum lipoferum) for N, 
(Bacillus megaterium) for P and (Bacillus circulans) for K. The mixed 
inoculums contains three types of microorganisms, mainly symbiotic N-
fixing bacteria, phosphate-dissolving microorganisms and silicate-
dissolving bacteria, the counts of these microbial types were 1.3 x 107 
cell/ml, 1x 108 cell/ml and 2.1 x 107 cfu/ml (colony forming units) per 
gram peat moss carrier. All bio-fertilizers were kindly supplied from 
bacteriology Lab., Sakha Agric. Res. Station. Compost, natural rocks 
and bio-fertilizer were added once at last week of January in two 
trenches (100 cm length x 50 cm width x 50 cm depth) were on both 
sides of the tree in both seasons, the compost, natural rocks, mixed 
mineral ore, bio-fertilizer and part of surface soil were mixed and then 
irrigated.  

 
Table (5): Physical and chemical properties of EL-Wadi compost 

Properties Values 
Humidity (%) 
pH(1-10) extract 
EC (1-10) (dS/m) 
Total nitrogen (%) 
Organic matter (%) 
Organic carbon (%) 
C/N ratio 
Total phosphorus (%) 
Total potassium (%) 
Fe (ppm) 
Zn (ppm) 
Mn (ppm) 
Cu (ppm) 

24 
6.6 
1.6 
1.4 
58 

52.2 
18:1 
0.6 

0.79 
630 
40 

107 
30 

 
Table (6): Some components of the tested natural rocks 

Component 
(%) 

SiO2 TiO2 
 

AL2O3 
 

Fe2O3 
 

MnO 
 

MgO 
 

CaO 
 

Na2O 
 

K2O 
 

P2O5 
 

SO3 
 

L.O.I 

Rock 
phosphate 12.75 0.02 0.35 1.12 0.07 0.61 44.12 1.12 0.05 20.00 1.98 13.62 

Feldspar 70.56 0.02 16.23 0.17 0.02 0.05 0.26 3.69 8.20 0.03 - 0.37 
Mixed 

mineral ore 38.56 0.76 7.80 3.58 0.61 2.47 13.45 1.32 3.37 6.14 5.38 7.01 

 
Twenty four combination treatments (3 irrigation treatments x 8 

fertilization treatments), each treatment was represented by three 
replicate, two trees/replicate. During the growing season for each year, 
the following measurements and determination were carried out.  
1.  Soil properties : At the end of experiment (15th December, 
2014) soil samples for all treatments were collected at two depths 0-30 
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and 30-60cm and the data was expressed as average to measure 
some soil properties as pH and EC, organic matter % and determine 
some chemical analysis, i.e total nitrogen using Kjeldahl method, 
phosphorus and potassium were determined according to Page et al. 
(1982). Also, microorganisms were calculated as number of 
colonies/gram soil according to Saleh (2002)  and dehydrogenase 
activity (mg g-1 dry soil/96h) was estimated according to Tabatabai (1982) . 
2.  Vegetative growth parameters: Average number of shoots, 
shoot length, shoot diameter and number of leaves were calculated at 
the spring growth cycles. Also, the trunk cross-sectional area (TCSA) 
was calculated by using formula (TCSA= Girth2/ 4π) given by Kumar 
et al. (2008), tree canopy volume (CV) was calculated according to the 
following equation: CV= 0.528 x H x D2. Whereas, H = tree height, D = 
tree diameter (Castle, 1983) . However, leaf area (cm2) was estimated 
using formula: Leaf area = 2/3 x length x width reported by Chou 
(1966), leaf dry weight and specific leaf weight (mg/cm2) was 
calculated according to Ferre and Forshey (1988)  as follows:  

)(cm area Leaf

(mg) dry weight Leaf
  (SLW) weight leaf Specific

2
=  

3.  Yield components: Fruits were harvested at December 15th 
and December 14th in 2013 and 2014 seasons, respectively and 
counted, weighted and then the average yield of fruits as kg /tree, 
ton/fed. were calculated.  
4. Yield efficiency (YE): it was estimated as fruit weight (kg) /cm2 
of trunk cross-sectional area (TCSA). 
5.  Field water use efficiency (FWUE): It was calculated 
according to Michael (1978)  by the following equation: 

/fed.)(m appliedWater 

(kg/fed.) Yield
  )(kg/m FWUE

3
3 =  

6.  Water productivity (L.E/m 3): It was calculated as the 
economic return divided by the amount of water applied to the tree 
(Fereres and Soriano, 2007) . 
Statistical analysis :  

All the obtained data during both seasons of study were 
tabulated and statistically analyzed using L.S.D test at 5 % and 1 % 
level for comparing between different treatment means according to 
Snedecor and Cochran (1990). All statistical analysis was performed 
using analysis of variance technique by means of "M-STAT" computer 
software package. 
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RESULTS AND DISCUSSIONS  
1. Soil properties:   
Soil pH, EC (dS m -1) and organic matter (O.M. %):  

The data obtained in Table (7) showed that there were significant 
differences among the irrigation levels. The irrigation treatment at level 3 
increased soil pH and EC values followed by level 2 compared to the 
lowest values recorded for irrigation at level 1. This may be attributed to 
the gradual salt accumulation in the soil profile due to decrease of water 
and lack of leaching (Omar 1998) . These results are in harmony with 
those obtained by El-Henaway (2006)  who found that the moderate level 
of irrigation of 75% ET reduced pH of soil compared with other levels of 
50 and 100% Et. Also, El-Koumy (2012) reported that increasing 
irrigation regime reduces EC and pH values. The irrigation at level 2 had 
significantly higher effect on soil organic matter % than those supplied 
with level 1(control) or level 3. In this concern Bhriguvanshi et al. (2012), 
they reported that the functional relationship between soil moisture and 
organic carbon were statistically significant under drip irrigation. As for the 
effect of different kinds of fertilizers, the data showed that all fertilization 
treatments decrease pH values. The highest pH values were obtained by 
the control (T1) compared with the lowest value recorded for T8. However, 
the highest EC and soil organic matter % content values obtained by T8 

compared to control (T1) which gave the lowest values. These results are 
in agreement with those obtained by Atom (2013) and Abed El-Hamied 
(2014) who found that the fertilized citrus tree grown in sandy soil with 
organic and bio-fertilization improved soil properties compared to 
conventional fertilizers. In addition, Shukla et al. (2014) and Trinchera et 
al. (2015) found that combination fertilizers such as organic, bio and 
natural rocks fertilizers increased soil organic matter content.  

 
Table (7): Effect of three irrigation levels, different kinds of fertilizers and their 

interaction on soil pH, EC and organic matter (%) content at the end of 
experiment 

Organic matter (%) EC (dS/m) pH 

T
re

at
m

en
t

s F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
0.27 0.21 0.32 0.28 0.51 0.54 0.53 0.46 8.57 8.70 8.57 8.44 T1 
0.57 0.53 0.60 0.57 0.52 0.56 0.52 0.48 8.36 8.49 8.32 8.28 T2 
0.62 0.58 0.67 0.61 0.53 0.55 0.54 0.49 8.26 8.34 8.23 8.21 T3 
0.50 0.46 0.55 0.50 0.56 0.59 0.55 0.54 8.38 8.46 8.37 8.31 T4 
0.43 0.40 0.47 0.43 0.54 0.56 0.54 0.51 8.42 8.53 8.43 8.30 T5 
0.64 0.61 0.68 0.65 0.55 0.56 0.55 0.53 8.13 8.18 8.13 8.08 T6 
0.67 0.64 0.70 0.68 0.55 0.58 0.55 0.54 8.06 8.13 8.03 8.01 T7 
0.76 0.70 0.83 0.74 0.57 0.59 0.58 0.55 8.00 8.06 8.01 7.92 T8 
0.56 0.52 0.60 0.56 0.54 0.57 0.54 0.51 8.27 8.36 8.26 8.19 I-mean 

       I= 0.025         F = 0.030     I X F= 0.052        I= 0.014        F = 0.013      I X F= 0.074       I= 0.025      F = 0.030     I X F= 0.052 LSD at 5% 
       I= 0.042         F = 0.040     I X F= 0.070        I= 0.023        F = 0.018      I X F= 0.099       I= 0.042      F = 0.040     I X F= 0.070 LSD at 1% 

* Mean amount of irrigation in both seasons 
T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
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T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

 
Concerning the effect of the interaction, data showed that, the differences 
between treatments were statistically significant. The highest pH value 
came from (irrigation at level 3 x T1), while (irrigation at level 1x T8) gave 
the least value. While, the highest EC value obtained by (irrigation at level 
3 x T4) comparing with the least value obtained by (irrigation at level 1 x 
T1) treatment. The highest soil organic matter % came from (irrigation at 
level 2 x T8), whereas the lowest value belonged to (irrigation at level 3 x 
T1) treatment. 
 
Available macronutrients (mg/kg):  
 Data presented in Table (8) showed that the soil available 
macronutrients (N, P and K) content were significantly increased under 
irrigation at level 2 followed in decreasing order by the irrigation at level 1 
(control) and finally irrigation at level 3. These results are in conjunction 
with those obtained by Panigrahi et al. (2014) and Shirgure et al. (2014) 
on soil cultivated with mandarin trees. They found that the available soil 
nutrient status (NPK) was increased under the treatment irrigation 
schedule with 80% pan evaporation compared with irrigation treatment 
100% (control). Data concerning the effect of different kind of fertilizers, it 
is clear that the highest N, P and K values were obtained by T8 followed 
by T7 compared to the lowest values obtained from control treatment (T1). 
The positive effect of different fertilizers (T8) on N, P and K content might 
be attributed to improving soil pH and organic matter content (Table 7) 
and to slow release of nutrients from the compost, natural rocks and bio-
fertilizers. These conclusions find support in the results of El-Wakeel et 
al. (2013) on a clay loamy soil planted with Navel orange trees and Abed 
El-Hamied (2014) on sandy soil planted with Clementine mandarin trees.  
 
Table (8): Effect of three irrigation levels, different kinds of fertilizers and their 

interaction on soil total nitrogen, phosphorus and potassium content at 
the end of experiment 

K (mg/kg) P (mg/kg) N (mg/kg) 

T
re

at
m

en
t

s F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
88.32 81.63 95.08 88.26 8.92 6.70 10.66 9.41 17.26 14.67 19.69 17.43 T1 

119.14 113.52 126.22 117.68 14.47 11.92 16.55 14.95 41.69 37.63 44.53 42.90 T2 
124.04 116.60 131.14 124.39 15.30 12.68 17.34 15.88 43.72 40.20 46.47 44.51 T3 
100.95 92.11 110.11 100.64 12.60 9.21 15.14 13.45 40.50 36.24 43.21 42.06 T4 
91.95 86.09 99.27 90.50 11.61 8.07 14.04 12.74 37.86 33.38 41.13 39.07 T5 

166.03 135.04 185.14 177.90 15.89 12.92 18.31 16.45 47.54 44.81 51.25 46.57 T6 
183.45 178.25 189.12 183.00 17.51 14.47 20.28 17.79 58.11 55.03 60.99 58.33 T7 
195.62 185.92 203.03 197.93 21.15 17.64 24.45 21.37 63.57 60.48 67.47 62.78 T8 
133.69 123.64 142.39 135.03 14.68 11.70 17.09 15.25 43.78 40.30 46.84 44.20 I-mean 

I= 1.269         F = 0.768     I X F= 1.331 I= 0.156      F = 0.489      I X F= 0.847 I= 0.365    F = 0.455     I X F= 0.789 LSD at 5% 
I= 2.104         F = 1.027     I X F= 1.779 I= 0.259      F = 0.654      I X F= 1.132 I= 0.605    F = 0.609     I X F= 1.054 LSD at 1% 

* Mean amount of irrigation in both seasons 
T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
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T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 
The interaction was significant and the highest soil available macronutrients (N, P and K) values were 
obtained by (irrigation at level 2 x T8) compared to the least values recorded by (irrigation at level 3 x T1) 
combined treatment. 

 
Soil microorganisms content and dehydrogenase activ ity:  
 The results in Tables (9 and 10) indicated that there were significant 
differences between all levels of irrigation. Colonies number (fungi, bacteria 
and yeast) and dehydrogenase activity were increased under irrigation at 
level 2 and decreased under irrigation at level 1(control). The obtained 
results are in agreement with those reported by Pascual et al. (2007) and 
Wang et al. (2008). They found that water deficit produced an increase of 
soil microorganism and dehydrogenase activity. Regarding to the effect of 
different kind of fertilizers, the data revealed that, T8 produced the highest 
values of soil microorganisms and dehydrogenase activity followed by T7 
as compared to the lowest values obtained by control treatment (T1).  
 
Table (9):  Effect of three irrigation levels, different kinds of fertilizers and their 

interaction on soil microorganisms (fungi and bacteria) content at the 
end of experiment 

Bacteria 
(No. of colonies per g of soil) 

Fungi 
(No. of colonies per g of soil) 

Treatments 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
3.67 4.00 5.00 2.00 2.67 3.00 3.00 2.00 T1 
7.67 7.00 10.00 6.00 5.33 6.00 6.00 4.00 T2 
8.67 8.00 11.00 7.00 6.00 6.00 7.00 5.00 T3 
7.00 7.00 9.00 5.00 5.00 5.00 6.00 4.00 T4 
4.67 5.00 6.00 3.00 3.37 4.00 4.00 3.00 T5 
5.67 6.00 7.00 4.00 4.00 4.00 5.00 3.00 T6 
9.00 9.00 11.00 7.00 7.00 7.00 8.00 6.00 T7 

10.00 10.00 12.00 8.00 8.00 8.00 9.00 7.00 T8 
7.38 8.00 8.88 5.25 5.21 5.38 6.00 4.25 I-mean 

            I= 0.152                  F = 0.336                I X F= 0.583            I= 0.188                   F = 0.284                 I X F= 0.492 LSD at 5% 
            I= 0.252                  F = 0.450                I X F= 0.779            I= 0.312                   F = 0.379                 I X F= 0.657 LSD at 1% 

* Mean amount of irrigation in both seasons 
T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

 
This may be because of the essential roles of organic and bio-

fertilization on enhancing soil fertility, microflora activity, natural hormones, 
antioxidants, vitamins B and antibiotics which resulted in enhancing 
dehydrogenase activity Dahama (1999) and Kannaiyan (2002) . The 
present results are in accordance with those reported by Adak et al. 
(2014), Singha et al. (2014) and Luo et al. (2015). They found that 
application of combination fertilizers with organic, natural rocks and bio-
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fertilizers increased the microbial biomass and dehydrogenase activity 
over the control. With respect to the interaction effect, it is clear that the 
combined treatment (irrigation at level 2 x T8) increased soil 
microorganisms content and the dehydrogenase activity compared to the 
lowest values resulted under (irrigation at level 1 x T1) combination 
treatment (control). 
 
Table (10): Effect of three irrigation levels, different kinds of fertilizers and 

their interaction on soil microorganisms (yeast) content and 
dehydrogenase activity at the end of experiment 

dehydrogenase activity 
( mg g-1 dry soil/96 h) 

Yeast  
(No. of colonies per g of soil) 

Treatments 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
Level 3 

11.57 m3* 
Level 2 

17.36 m3* 
Level 1  

23.15 m3* 
0.29 0.19 0.63 0.05 1.67 1.00 3.00 1.00 T1 
2.15 2.46 2.8 1.20 4.33 3.00 7.00 3.00 T2 
2.65 2.82 3.11 2.02 5.00 4.00 7.00 4.00 T3 
1.72 1.23 2.75 1.18 4.00 3.00 6.00 3.00 T4 
0.71 0.70 1.06 0.36 2.67 2.00 4.00 2.00 T5 
1.06 1.06 1.16 0.96 3.00 2.00 5.00 2.00 T6 
3.38 3.39 4.12 2.53 5.67 5.00 8.00 4.00 T7 
5.66 5.88 6.96 4.14 6.67 6.00 9.00 5.00 T8 
2.20 2.23 2.82 1.56 4.13 3.25 6.13 3.00 I-mean 

            I= 0.036                     F = 0.052               I X F= 0.090            I= 0.127                   F = 0.208                 I X F= 0.361 LSD at 5% 
            I= 0.059                     F = 0.070               I X F= 0.001            I= 0.210                   F = 0.279                 I X F= 0.483 LSD at 1% 

* Mean amount of irrigation in both seasons 
T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 
 

2.  Vegetative growth: 
Trunk cross-sectional area (TCSA) and canopy volume  (CV): 

Data concerning the specific effect of irrigation levels are 
presented in Table (11) revealed that trees irrigated at level 2 recorded 
the highest values of TCSA and CV followed by irrigation at level 1 
(control) compared to those trees irrigated at level 3 which registered the 
lowest values in both seasons. Moreover, there were significant 
differences among all irrigation treatments. These results are in 
agreement with those obtained by García Petillo and Castel (2004)  on 
mature Valencia orange and El-Sayed and Ennab (2013) on Valencia 
orange. They showed that trunk cross-sectional area and tree canopy 
volume were increased linearly with the amount of water applied. Trees 
fertilized with T8 followed by T7 had remarked effect in both parameters 
than the other ones in both seasons. These results are in line with those 
obtained by Ibe et al. (2011) on sweet orange and  Barakat et al. (2012) 
on Newhall Naval orange, they showed that 45 kg compost + 600 g rock 
phosphate + 3 kg feldspar + 150 cm humic acid /tree enhanced trunk 
circumference and tree canopy volume. As for the interaction treatment 
the combined treatment (irrigation at level 2 x T8) tended  to increase  
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TCSA and CV values compared to the lowest values produced when 
trees irrigated with level 3 and fertilized by T1 in both seasons.   

 
Table (11): Effect of irrigation levels, different kinds of fertilizers and their 

interaction on trunk cross-sectional area (TCSA), tree canopy volume 
and number of shoot/branch of spring growth cycle of "Washington 
Navel" orange trees in 2013 and 2014 seasons 

No. of shoots/branch of spring 
 growth cycle Tree canopy volume (m3/tree) Trunk cross-sectional area 

(TCSA)(cm2) 

T
re

at
m

en
t

s 2013 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
25.59 22.67 28.04 26.04 23.85 23.41 23.09 25.06 164.02 162.27 182.89 146.91 T1 
26.70 24.96 28.25 26.88 25.80 24.22 28.11 25.07 174.38 162.51 190.02 170.61 T2 
27.81 25.83 28.92 28.67 26.20 24.32 29.06 25.22 176.29 162.63 192.41 173.82 T3 
31.06 29.17 32.29 31.71 28.22 26.48 29.85 28.34 188.82 181.86 201.66 182.65 T4 
28.35 25.96 29.71 29.38 26.69 24.66 29.17 26.24 180.03 169.20 195.73 175.17 T5 
29.60 27.71 30.34 30.75 27.86 26.06 29.47 28.06 184.19 175.04 201.27 176.25 T6 
32.49 29.30 34.96 33.21 29.86 26.30 33.44 29.85 193.98 190.93 201.66 189.35 T7 
33.77 30.88 36.71 33.71 31.45 29.26 34.29 30.80 208.13 202.44 204.82 217.12 T8 
29.42 27.06 31.15 30.04 27.49 25.59 29.56 27.33 183.72 175.86 196.31 178.99 I-mean 

I= 0.127       F = 0.153     I X F= 0.266 I= 0.709     F = 0.455      I X F= 0.789 I= 0.811      F = 1.132     I X F= 1.961 LSD at 5% 
I= 0.210       F = 0.201     I X F= 0.348 I= 1.175     F = 0.609      I X F= 1.054 I= 1.345      F = 1.513     I X F= 2.621 LSD at 1% 

2014 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 

T
r

ea tm en ts
 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

11.04 10.00 11.96 11.17 25.42 23.94 25.67 26.64 194.47 185.21 205.95 192.24 T1 
11.98 11.00 12.38 12.55 26.48 25.28 27.15 27.00 206.40 185.97 227.24 206.00 T2 
12.61 12.50 12.54 12.79 28.51 26.60 29.54 29.40 214.38 199.87 233.10 210.17 T3 
14.53 13.30 14.83 15.46 32.58 31.09 35.06 31.59 225.62 224.20 238.20 214.46 T4 
13.61 12.58 14.25 14.00 29.56 27.29 31.53 29.87 218.29 206.13 236.53 212.19 T5 
13.92 12.71 14.49 14.56 31.11 27.91 33.98 31.46 221.87 213.46 238.12 214.03 T6 
15.18 15.08 14.96 15.50 33.42 31.19 35.50 33.58 232.64 232.33 239.68 225.92 T7 
16.54 15.17 18.29 16.17 35.00 34.31 35.52 35.17 243.70 237.79 252.10 241.19 T8 
13.68 12.79  14.21 14.03 30.26 28.45 31.74 30.59 219.67 210.62 233.86  214.52 I-mean 

I= 0.502       F = 0.299     I X F= 0.519 I= 0.424      F = 0.431     I X F= 0.746 I= 2.113     F = 2.800      I X F= 4.930 LSD at 5% 
I= 0.416       F = 0.400     I X F= 0.693 I= 0.703      F = 0.576     I X F= 0.997 I= 3.504     F = 3.805      I X F= 6.591 LSD at 1% 

T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

 
Number of shoots and average shoot length per branc h: 

Data presented in Tables (11 and 12) showed that the differences 
between treatments were statistically significant. The highest number of 
shoots and average shoot length/branch belonged with the trees irrigated 
at level 2 followed in decreasing order by the irrigation at level 1 (control) 
and finally irrigation at level 3 in both seasons. The results are in line with 
those of Wassel et al. (2007) on Balady mandarin, El-Sayed and Ennab 
(2013) on Valencia orange and Hussien et al. (2013) on Washington 
Navel orange. They reported that spring shoot length was increased by 
raising the amount of irrigation water. Trees fertilized by T8 gave the 
highest number of shoots and shoot length/branch followed by T7 and T4 
compared with the lowest values recorded by T1 (control). The favorable 
influence of compost on growth might be attributed to its effect on 
supplying the trees with their requirements from various nutrients, 
reducing soil pH (Table 7) compared to the data recorded in Table (1), 
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also encouraging of microorganisms activity and producing natural auxins 
(Nijjar, 1985) . The great effect of bio-fertilizers on producing natural 
hormones, antibiotics and Vitamin B as well as fixation of N could result in 
stimulating growth characters (Subba- Rao, 1984) . The obtained results 
are in line with the results of El-Khawaga and Maklad (2013)  on Valencia 
orange and Wassel et al. (2015) on mango trees. The combined 
treatments (irrigation at level 2 x T8) tended to increase the number of 
shoots and shoot length/branch compared to the least values belonged 
from (irrigation at level 3 x T1). 

 
Shoot diameter and number of leaves:  

Data concerning the effect of irrigation levels in Table (12) 
revealed that trees irrigated at level 2 increased shoot diameter and 
number of leaves compared with other treatments followed in descending 
order by irrigation at level 1 and level 3 without significant differences 
between them. The obtained results are in line with the results of Khalil et 
al. (2000) on Navel orange, Ahmed et al. (2013) and Ennab and El-
Sayed (2014) worked on Balady mandarin. They found that the combined 
fertilizers of organic, bio, rocks as well as chemical fertilizers led to 
increase shoots diameter and number of leaves/shoot. 

 
Table (12): Effect of irrigation levels, different kinds of fertilizers and their 

interaction on average shoot length and shoot diameter per branch and 
number of leaves per shoot of spring growth cycle of "Washington 
Navel" orange trees in 2013 and 2014 seasons 

No. of leaves/shoot of spring 
 growth cycle 

Av. shoot diameter/branch of spring growth 
cycle (mm) 

Av. shoot length/branch of spring growth cycle 
(cm) 

T
re

at
m

en
t

s 2013 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
5.94  5.71  6.34  5.78  2.41  2.33  2.50 2.40  8.38 8.18 8.75 8.23 T1 
6.00  5.81  6.34  5.86  2.51  2.40  2.59  2.54  8.66 8.22 8.86 8.91 T2 
6.13  6.06  6.35  5.98  2.56  2.50  2.62  2.56  8.83 8.25 9.24 9.00 T3 
6.34  6.13  6.63  6.27  2.65  2.65  2.69  2.60  9.48 9.28 9.86 9.31 T4 
6.12  5.84  6.52  6.00  2.57  2.52  2.62  2.57  9.05 8.57 9.29 9.29 T5 
6.25  6.06  6.63  6.06  2.59  2.56  2.63  2.58  9.15 8.68 9.47 9.30 T6 
6.51  6.31  6.73  6.48  2.65  2.65  2.69  2.60  9.76 9.37 10.02 9.89 T7 
7.09  6.86  6.90  7.50  2.71  2.75  2.71  2.67  10.50 9.87 10.73 10.89 T8 
6.30 6.10  6.55  6.24  2.58 2.55  2.63   2.57  9.23 8.80 9.53 9.35 I-mean 

I= 0.044       F = 0.052     I X F= 0.090 I= 0.025      F = 0.043     I X F= 0.074 I= 0.154      F = 0.185     I X F= 0.321 LSD at 5% 
I= 0.073       F = 0.070     I X F= 0.121 I= 0.042      F = 0.057     I X F= 0.099 I= 0.256      F = 0.248     I X F= 0.429 LSD at 1% 

2014 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 

T
r

ea tm en ts
 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

8.54  7.67  9.48  8.46  2.79  2.69  2.84  2.85  14.05 13.77 14.54 13.84 T1 
9.27  9.04  9.67  9.08  2.81  2.71  2.85  2.88  14.33 14.32 14.67 14.00 T2 
9.60  9.25  9.86  9.69  2.85  2.83  2.85  2.88  14.76 14.56 14.77 14.96 T3 
9.99  9.85  10.04  10.07  2.93  2.87  3.02  2.90  15.74 15.50 16.17 15.56 T4 
9.75 9.34  9.92  10.00  2.88  2.85  2.90  2.88  15.10 14.95 14.83 15.48 T5 
9.91 9.67  10.00  10.06 2.90 2.86  2.94  2.90  15.23 15.29 14.86 15.53 T6 

10.34  10.15  10.57  10.31  2.97  2.88  3.04  2.98  16.03 15.81 16.21 16.06 T7 
10.43  10.44 10.63  10.24  3.09  2.98  3.28  3.00  16.35 15.98 16.69 16.37 T8 
9.73 9.43  10.02  9.74  2.90 2.83  2.97  2.91  15.20 15.03 15.34 15.23 I-mean 

I= 0.098       F = 0.223     I X F= 0.386 I= 0.098          F = 0.113     I X F= NS I= 0.220          F = 0.381     I X F= NS LSD at 5% 
I= 0.163       F = 0.298     I X F= 0.517 I= 0.163          F = 0.151     I X F= NS I= 0.364          F = 0.509     I X F= NS LSD at 1% 

T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
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T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

 
As for the interaction effect, it is clear that the combined treatment 

(irrigation at level 3 x T8) followed by (irrigation at level 2 x T8) and 
(irrigation at level 2 x T7) gave the highest average shoot diameter without 
significant differences among them in the first season, but in the second 
one there were no significant differences among all treatments. 
Conclusively, application of (irrigation at level 1 x T8) treatment in the first 
season and (irrigation at level 2 x T8) and (irrigation at level 2 x T7) 
combination treatments in the second season gave the highest number of 
leaves/shoot without significant differences between them compared to 
(irrigation at level 3 x T1) and (irrigation at level 1 x T1) combined 
treatments in both seasons. 

 
Leaf growth parameters:  

Data of Table (13) cleared that the largest leaf area and highest 
specific leaf weight were recorded with irrigation treatment at level 2, while 
the least values were obtained with level 3 and level 1 for both 
parameters, respectively in both seasons. Leaf dry weight  was 
significantly increased under high (level 1) and moderate (level 2) 
irrigation levels without significant difference between them as compared 
to low irrigation (level 3) in both seasons.  
 
Table (13): Effect of irrigation levels, different kinds of fertilizers and their 

interaction on leaf growth parameters of "Washington Navel" orange 
trees in 2013 and 2014 seasons 

Leaf growth parameters 

T
re

at
m

en
t

s 

Specific leaf weight (mg/cm2) Leaf dry weight (gm) Leaf area (cm2) 
2013 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
10.74 8.33 13.10 10.80 0.220 0.172 0.265 0.222 20.48 20.71 20.23 20.50 T1 
11.14 9.00 13.63 10.80 0.235 0.190 0.291 0.224 21.02 21.01 21.33 20.70 T2 
11.72 9.27 13.27 12.63 0.251 0.195 0.292 0.267 21.41 21.07 22.01 21.14 T3 
12.86 11.40 13.77 13.40 0.288 0.250 0.315 0.300 22.41 21.92 22.91 22.39 T4 
11.97 9.30 13.63 12.97 0.261 0.198 0.303 0.284 21.77 21.26 22.19 21.87 T5 
12.53 10.73 13.47 13.40 0.278 0.233 0.306 0.295 22.15 21.69 22.73 22.03 T6 
12.86 12.47 13.23 12.87 0.298 0.274 0.316 0.303 23.17 21.99 23.94 23.57 T7 
13.81 13.23 13.63 14.57 0.326 0.292 0.331 0.354 23.56 22.05 24.31 24.32 T8 
12.20 10.47 13.47 12.68 0.270 0.225 0.303 0.281 21.99 21.46  22.46 22.07 I-mean 

I= 0.044       F = 0.425     I X F= 0.737 I= 0.036      F = 0.030     I X F= 0.052 I= 0.358      F = 0.673     I X F= 0.368 LSD at 5% 
I= 0.073       F = 0.569     I X F= 0.985 I= 0.059      F = 0.040     I X F= 0.070 I= 0.594      F = 0.899     I X F= 1.558 LSD at 1% 

2014 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 

T
r

ea tm en ts
 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

11.34 10.60 12.20 11.23 0.255 0.223 0.288 0.255 22.50 21.08 23.72 22.69 T1 
11.20 11.73 10.97 10.90 0.268 0.254 0.288 0.260 23.97 21.71 26.26 23.93 T2 
11.16 11.63 10.80 11.03 0.272 0.259 0.289 0.268 24.45 22.26 26.80 24.30 T3 
10.87 11.37 10.40 10.83 0.286 0.272 0.298 0.289 26.36 23.98 28.37 26.72 T4 
10.96 11.40 10.93 10.53 0.277 0.266 0.294 0.270 25.25 23.33 26.89 25.52 T5 
10.74 11.40 10.63 10.20 0.277 0.266 0.294 0.272 25.88 23.40 27.53 26.71 T6 
10.96 11.33 10.73 10.80 0.290 0.274 0.308 0.289 26.58 24.23 28.75 26.76 T7 
11.07 10.33 11.07 11.80 0.304 0.275 0.320 0.316 27.42 26.52 28.94 26.79 T8 
11.04 11.23 10.97 10.92 0.279 0.261 0.298 0.277 25.30 23.31 27.16 25.43 I-mean 

I= NS          F = 0.193     I X F= 0.334 I= 0.025     F = 0.013     I X F= 0.023 I= 0.295      F = 0.305     I X F= 0.529 LSD at 5% 
I= NS          F = 0.258     I X F= 0.446 I= 0.042     F = 0.018     I X F= 0.031 I= 0.488      F = 0.408     I X F= 0.707 LSD at 1% 

T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
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T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

 
These results are in agreement with those of Balaganvi and 

Kumathe (2004)  on Kagzi Lime, El-Abd (2005)  on Washington Navel 
orange and Fiorella et al. (2015) mature orange trees cv. “Tarocco Meli”. 
They found that there were positive relation between irrigation amounts 
and leaf area. Concerning the effect of different kinds of fertilizers, the 
data exhibited that all leaf growth parameters significantly increased 
under T8 compared to control (T1). These results confirmed with those 
obtained by Abdel-Hak et al. (2012) on Valencia orange, Barakat et al. 
(2012) on Newhall Naval orange and Abdelaal et al. (2013) on Valencia 
orange.  As for, the interaction the largest leaf area came from (irrigation 
at level 1 x T8), (irrigation at level 2 x T8) and (irrigation at level 2 x T7) in 
the first season and (irrigation at level 2 x T8), in the second one 
compared to the lowest values obtained by (irrigation at level 2 x T1) and 
(irrigation at level 3 x T1) in both seasons, respectively. The heaviest leaf 
dry weight obtained by (irrigation at level 1 x T8) in the first season and 
(irrigation at level 2 x T8) or (irrigation at level 1 x T8) in the second season 
without significant difference between them comparing with (irrigation at 
level 3 x T1) which recorded the lowest value in both seasons. The 
highest value of specific leaf weight belonged to (irrigation at level 1 x T8) 
combination treatments compared with (irrigation at level 3 x T1) in the 
first season, while in the second one the highest values recorded by 
(irrigation at level 2 x T1) comparing with the least value resulted by 
(irrigation at level 1 x T6) combination treatment.  

 
3.  Yield components: 
 Data in Table (14) exhibited that moderate irrigation treatment (level 
2) increased number of fruits/tree and yield as kg/tree and ton/fed. 
compared to level 1 (control) and deficit irrigation (level 3) in both seasons. 
Moreover, there were statistically different within all treatments. The 
resulted increase in yield as kg/tree could be attributed to appropriate 
vegetative growth and improved nutritional status of the irrigated trees. 
These data are in accordance with those obtained by El Abd (2005 ) on 
Navel orange, Wassel et al. (2007) on Balady mandarin, Morgan  et al. 
(2009) on ‘Ambersweet’ orange, El-Sayed and Ennab (2013) on Valencia 
orange and Hussien et al. (2013) on Washington Navel orange trees. 
They found that a gradual reduction in fruit yield was observed as the 
amount of irrigation water decreased. As for the effect of different kinds of 
fertilizers, it is clear that, trees treated with T8 in the first season and T7 or T4 
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in the second season significantly increased the total number of fruits/tree 
without significant differences between them when compared to the lowest 
fruit number recorded by T3 in both seasons. However, trees fertilized with 
T8 and T7 produced maximum yield as kg/tree and ton/fed. meanwhile, the 
minimum yield obtained with T1 (control). The obtained results are in line 
with those obtained by Mansour and Shaaban (2007)  on Washington 
Navel orange, El-Mohamedy and Ahmed (2009)  on Balady mandarin, 
Abdel-Hak et al. (2012) on Valencia orange, Hegazi et al. (2014) on 
Flame seedless grapevines and Ibrahim and Maklad (2014)  on 
Washington Navel orange trees. They showed that the highest yield of the 
trees which fertilized with compost, rock phosphate, feldspar and bio-
fertilizers. The highest number of fruits per trees belonged with the 
combination treatment (irrigation at level 2 x T8) or (irrigation at level 2 x T7) 
in the first season and (irrigation at level 2 x T7) or (irrigation at level 2 x T5) 
in the second season, whereas (irrigation at level 1 x T3) combination 
treatment gave the least number in both seasons. However, the highest 
yield as kg/tree and ton/fed. came from (irrigation at level 2 x T8) and 
(irrigation at level 2 x T7) combination treatments in both seasons without 
significant differences between them, while the lowest yield was always 
belonged to (irrigation at level 3 x T1) treatment in both seasons. 
 
Table (14): Effect of irrigation levels, different kinds of fertilizers and their 

interaction on yield components of "Washington Navel" orange trees in 
2013 and 2014 seasons 

Yield components 

T
re

at
m

en
t

s 

Ton/fed.  Kg/tree  No. of fruits/tree 
2013 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
12.17 11.60 13.10 11.80 69.53 66.29 74.86 67.43 274.92 268.74 288.22 267.79 T1 
12.50 11.90 13.50 12.10 71.43 68.00 77.14 69.14 271.64 273.24 280.71 260.97 T2 
12.73 12.10 13.70 12.40 72.77 69.15 78.29 70.86 269.44 266.23 284.42 257.67 T3 
13.93 13.45 14.85 13.50 79.62 76.86 84.86 77.14 288.08 287.72 303.87 272.64 T4 
13.09 12.63 13.95 12.70 74.82 72.17 79.71 72.57 274.79 277.22 286.73 260.42 T5 
13.40 12.80 14.40 13.00 76.57 73.14 82.29 74.29 280.32 279.95 294.74 266.27 T6 
14.43 13.60 16.00 13.70 82.48 77.71 91.43 78.29 296.33 287.60 325.45 275.93 T7 
15.14 13.70 16.50 15.23 86.54 78.29 94.29 87.03 302.43 281.28 325.97 300.04 T8 
13.43 12.72 14.50 13.05 76.72 72.70 82.86 74.59 282.24 277.75 298.76 270.22 I-mean 

       I= 0.878                F = 1.165           I X F= 2.018       I= 1.700          F = 2.127           I X F= 3.684      I= 5.971             F = 4.329            I X F= 7.499 LSD at 5% 
       I= 1.456                F = 1.558           I X F= 2.698       I= 2.819          F = 2.844           I X F= 4.926      I= 9.901             F = 5.788            I X F= 10.03 LSD at 1% 

2014 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 

T
r

ea tm en ts
 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

12.53 11.90 13.50 12.20 71.62 68.00 77.14 69.71 282.33 277.17 293.06 276.75 T1 
12.73 12.15 13.73 12.30 72.72 69.43 78.43 70.29 271.04 257.68 292.41 263.04 T2 
12.85 12.30 13.8 12.40 73.43 70.29 79.14 70.86 269.89 260.87 292.99 255.81 T3 
14.42 13.60 15.40 14.25 82.38 77.71 88.00 81.43 284.97 266.53 305.20 283.18 T4 
13.70 13.10 14.70 13.30 78.29 74.86 84.00 76.00 283.70 269.50 310.38 271.21 T5 
13.92 13.35 14.80 13.60 79.52 76.29 84.57 77.71 283.45 274.54 300.67 275.46 T6 
14.87 13.75 16.50 14.35 84.95 78.57 94.29 82.00 288.89 265.74 316.53 284.39 T7 
15.35 13.90 16.75 15.40 87.71 79.43 95.71 88.00 283.56 268.14 297.95 284.59 T8 
13.79 13.01 14.90 13.48 78.83 74.32 85.16 77.00 280.98 267.52 301.11 274.31 I-mean 

       I= 0.802                F = 0.951            I X F= 1.648       I= 2.404               F = 1.903         I X F= 3.296      I= 8.213                 F = 4.757          I X F= 8.239 LSD at 5% 
       I= 1.329                F = 1.272            I X F= 2.203       I= 3.987               F = 2.544         I X F= 4.406      I= 13.620               F = 6.359          I X F= 11.010 LSD at 1% 

T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
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T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

  
4. Yield efficiency (YE): 

Data in Table (15) showed that yield efficiency as kg/cm2 of TCSA 
was increased under irrigation at level 1 (control) and level 2 treatments 
comparing with irrigation at level 3 in both seasons. These results find 
support with those reported by Pérez-Pérez et al. (2008) on mature “Lan 
late” sweet orange trees and Ennab and El-Sayed (2014)  on Balady 
mandarin trees. They reported that yield efficiency was decreased under 
deficit irrigation as compared with control. Data also exhibited that, 
fertilized trees with T1, T4 and T7 recorded the highest values of yield 
efficiency as kg/cm2 of TCSA without significant differences among them 
in both season. Yield efficiency as kg/cm2 of TCSA was significantly 
affected by the interaction in both seasons. However, (irrigation at level 1 
x T1), (irrigation at level 2 x T7) and (irrigation at level 2 x T8) in the first 
season and (irrigation at level 2 x T7) combination treatment in the second 
season gave the highest values compared to the lowest values obtained 
by (irrigation at level 1 x T8) and (irrigation at level 3 x T8) combination 
treatments in both season, respectively.  

 
Table (15): Effect of irrigation levels, different kinds of fertilizers and their 

interaction on yield efficiency, field water use efficiency and water 
productivity of "Washington Navel" orange trees in 2013 and 2014 
seasons 

Water productivity (L.E/m3) Field water use efficiency (kg/m3) Yield efficiency (kg/cm2)TCSA 

T
re

at
m

e
nt

s 

2013 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
Level 3 

12.03 m3 
Level 2 

18.05 m3 
Level 1  

24.06 m3 
4.06 5.32 4.14 2.72 4.15 5.51 4.15 2.80 0.426 0.409 0.409 0.459 T1 
4.10 5.36 4.21 2.74 4.26 5.65 4.27 2.87 0.410 0.418 0.406 0.405 T2 
4.12 5.37 4.22 2.78 4.35 5.75 4.34 2.95 0.413 0.425 0.407 0.408 T3 
4.38 5.80 4.42 2.92 4.77 6.39 4.70 3.21 0.422 0.423 0.421 0.422 T4 
4.41 5.86 4.43 2.95 4.48 6.00 4.42 3.02 0.416 0.426 0.407 0.414 T5 
4.31 5.65 4.40 2.89 4.58 6.08 4.56 3.09 0.416 0.418 0.409 0.422 T6 
4.68 6.03 4.97 3.04 4.93 6.46 5.07 3.26 0.425 0.407 0.453 0.413 T7 
5.01 6.21 5.25 3.56 5.12 6.51 5.23 3.62 0.416 0.387 0.461 0.401 T8 
4.39 5.71 4.51 2.95 4.58 6.04 4.59 3.10 0.418 0.414 0.422 0.418 I-mean 

I= 0.376         F = 0.252     I X F= NS I= 1.014      F = 0.301      I X F= 0.521 I= 0.004     F = 0.005    I X F= 0.009 LSD at 5% 
I= 0.623         F = 0.337     I X F= NS I= 1.681      F = 0.402      I X F= 0.697 I= 0.006     F = 0.007    I X F= 0.012 LSD at 1% 

2014 season 

F- 
mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 
F- 

mean 

Irrigation levels (m3/tree/year) 

T
r

ea tm en ts
 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

Level 3 
11.12 m3 

Level 2 
16.68 m3 

Level 1  
22.24 m3 

5.71 7.48 5.81 3.86 4.63 6.12 4.63 3.14 0.368 0.367 0.375 0.363 T1 
5.72 7.52 5.82 3.82 4.70 6.25 4.70 3.16 0.353 0.373 0.345 0.341 T2 
5.71 7.52 5.81 3.80 4.75 6.32 4.75 3.19 0.343 0.352 0.340 0.337 T3 
6.26 8.12 6.34 4.31 5.31 6.99 5.28 3.66 0.365 0.347 0.369 0.380 T4 
6.32 8.33 6.38 4.24 5.06 6.73 5.04 3.42 0.359 0.363 0.355 0.358 T5 
6.19 8.19 6.20 4.19 5.14 6.86 5.07 3.49 0.359 0.357 0.355 0.363 T6 
6.60 8.38 7.00 4.43 5.47 7.07 5.65 3.69 0.365 0.338 0.393 0.363 T7 
6.92 8.64 7.22 4.90 5.61 7.14 5.74 3.96 0.360 0.334 0.380 0.365 T8 
3.18 8.02 6.32 4.19 5.09 6.69 5.11 3.46 0.359 0.354 0.364 0.359 I-mean 

I= 0.544         F = 0.269     I X F= NS I= 1.075      F = 0.165      I X F= 0.285 I= 0.008    F = 0.003     I X F= 0.005 LSD at 5% 
I= 0.901         F = 0.360     I X F= NS I= 1.783      F = 0.220      I X F= 0.382 I= 0.013    F = 0.004     I X F= 0.007 LSD at 1% 

T1 = 100% Mineral NPK (control) T2 = 100% Organic NPK 
T3 = 100% Organic NPK + Bio-fertilizer NPK T4 = 100% Mixed mineral ore 
T5 = 50% Mineral NPK + 50% Organic NPK T6 = 50% Organic NPK + 50% Mixed 
mineral ore 
T7 =  50% Organic NPK + 50% Mixed mineral ore + Bio-fertilizers NPK 
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T8 = 33.33% Mineral NPK + 33.33% Organic NPK + 33.33% Mixed mineral ore + Bio-fertilizer 
NPK 

 
Field water use efficiency (FWUE)  and water productivity (WP): 

Data presented in Table (Table 15) revealed that the highest 
significant values of FWUE and WP were obtained from trees irrigated at 
level 3 compared to the control which gave the lowest values in both 
seasons. These results are in 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 all 
found that the highest FWUE and WP values were resulted from the 
deficit irrigation treatment (level 3), whereas the lowest values was 
obtained under control treatment (level 1) due to much applied irrigation 
water. This value (water productivity) also has an important value for 
growers by increasing their income by using less amounts of irrigation 
water. The fertilization treatments T8 gave the highest FWUE and WP 
comparing with control which recorded the lowest values in both seasons. 
The highest FWUE was estimated for the interaction treatments (irrigation 
at level 3 x T8) and (irrigation at level 3 x T5) in both seasons, respectively 
comparing with the lowest value recorded for the combination treatments 
(irrigation at level 1 x T1) and (irrigation at level 1 x T3) in both seasons, 
respectively. There exhibited non-significant differences among all 
combination treatments as for WP in both seasons.  

 
CONCLUSIONS AND RECOMMENDATION 

From the results obtained, it could be concluded that the 
moderate irrigation (2919.34 – 3157.88 m3/fed./year) as appropriate 
program for "Washington Navel" orange trees in sandy soil. Applying this 
program (level 2) rationalizing and saved about 25% of the amount of 
irrigation water/fed./year without any negative responses on soil 
properties, vegetative growth and yield. Also, this study introduces 
another appropriate program for "Washington Navel" orange trees 
fertilization in sandy soil. This program (T8 and/or T7) replaced about 
66.66% of chemical fertilizers by others of natural source and safe for 
human and environment with higher profit for growers. Applying both 
programs (irrigation program x fertilization program) to "Washington 
Navel" orange trees under conditions of this study is recommended for 
its positive effects on most soil properties, vegetative growth and yield 
and producing fruits with less pollution for human and environment.  
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