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ABSTRACT 
 

Due to limited water resources it has become needed to study the best ways to decrease irrigation water use, increasing the water 

use efficiency, improve tree growth and sustain citrus crop production under those circumstances. Afield experiment was conducted 

during 2015/2016 and 2016/2017 seasons at El-Nubaria city, Beheira Governorate to investigate the effect of irrigation regime (80% and 

60% from full irrigation) and soil conditioners (hydrogel at rate of 50 and 100g/tree as synthetic water absorbing soil amendments or 

organic  plant residues at rate of 3.5 and 6.5kg/tree as  natural absorbing soil amendments) on some properties of sandy soil, growth, 

yield, quality and productivity of irrigation water (PIW) for Washington navel orange trees under drip irrigation system. The obtained 

results pointed out that: The application of soil conditioners led to enhancing the properties and microorganisms activities and 

macronutrients of sandy soil especially with the high rates. Whereas, the low values of soil field capacity (10.47%), wilting point 

(4.26%) and available water (6.21%) were recorded with full irrigation without conditioners while, the high values (11.31 to 12.28%), 

(4.35 to 4.68%), (6.78 to 7.62%) respectively under irrigation regime combined conditioners.  Soil conditioners application combined 

with irrigation regime increased the available nitrogen (up to 22.76%, phosphours (up to 9.98%), potassium (up to 15.14%), organic 

matter (up to 41.79%, CEC (up to 16.53%) and salinity (up to 4.64%) while soil bulk density was decreased (up to 5.66%) compared to 

full irrigation without conditioners. Moderate irrigation plus organic plant residues at rate of 6.5 kg/tree (T5) or plus hydrogel at 100g/tree 

(T3) significantly increased the most growth parameters (canopy volume, number of shoots/branch and leaf area), fruit set and decrease 

the fruit drop. Lowest percentage of fruit splitting (6.58 and 5.87 %) coated with T3 and T5 compared to deficit irrigation treatments plus 

the lowest rate of hydrogel or organic plant residues (T8 and T9). The highest yield was obtained by T3 (78.6 kg/tree) and T5 (79. 6 

kg/tree). Control treatment (T1) followed by T3 and T5 tended to improve the physical fruit quality meanwhile deficit irrigation 

treatments T8 and T9 increased the most of chemical fruit quality. PIW mean values of Washington navel orange with full irrigation 

without conditioners were low (2.75 kg m-3) while, irrigation regime at 80 % and 60% recorded high values (3.49 kg m-3 and 3.88 

kg m-3, respectively).  PIW was increased with the high rates of soil conditioners. 
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INTRODUCTION 
  

In Egypt, water is one of the most critical factors in 

crop production. Rainfall is low, So, most of agricultural 

production is mostly dependent upon irrigation. Water 

resources are limited and concentrated upon the Nile River. 

The present share of water in Egypt is less than 1000 m
3
 

/capita/year which equivalent to the international standards of 

water poverty limits (El- Quosy, 1998). Nowadays water 

management is considered one of the major challenges for all 

countries in arid and semi–arid regions, in fact, by 2030, 

global water demand is probable to be 50% higher than 

today, resulting in water scarcity, in the same time 

agricultural sector used over 70 percent of freshwater in most 

regions of the world (Alcamo et al.,2000). In arid and 

semiarid regions, drought stress is the main limiting factor in 

crop growth and productivity (Todorov et al., 1998). Efficient 

management of soil moisture is critical for agricultural 

production in areas with scarce water resources (Eneji et al., 

2013). 

Sandy soils are poor with respect to their physico-

chemical properties (El- Hady and El-Dewiny, 2006) that, 

unfortunately, resulted in a significant loss of irrigation water 

through drainage. Minimizing water losses can be applied 

using soil amendments, which improve the soil physical 

properties and increase irrigation water efficiency as well as 

rationalization of irrigation water (Ezzat et al., 2011). One of 

the newest soil amendments used in this respect is the use of 

water saving amendments i.e. hydrogel polymers for 

enhancing water and nutrient use efficiency which become 

more vital over time, particularly in arid and semiarid regions 

with limiting water sources, hydrogel is a superabsorbent 

polymer which absorbs water hundreds of times of its own 

dry weight. Soil water and nutrients stored in hydrogel are 

released gradually for plant growth under limiting water 

conditions (Yazdani et al., 2007). Hydrogel is occasionally 

referred to “Root watering crystals” or “water retention 

granules” because it swells like sponges to be as several times 

of its original size, when it contacts with a water, therefore 

increases soil water holding capacity and decreases irrigation 

frequency (Jamnicka et al., 2013). Hydrogel can decrease 

drought stress which it can absorb water until 400 over its dry 

weight and improve the vegetative growth parameters 

(Allahdadi, 2003 and Khoshnevis, 2003), it can increase the 

efficiency of coefficient agriculture water and decrease cost 

and irrigation quantity (Tongo et al., 2014).  

Plant residues is an important biological resource, 

including about 50% of the total biomass of crops. The 

return of residue to the field is a useful cultural practice to 

improve both soil fertility and soil water- holding capacity 

(Aynehband et al., 2010; Lou et al., 2011).However, Curtis 

and Claassen, 2005; Mylavarapu and Zinati, 2009 and  

Tejada et al., 2009 showed that the return of plant residues 

to fields as organic manure has recently attracted attention 

due to the positive benefits like as increasing soil water 

holding capacity, providing nutrients and organic matter, in 

addition to improving soil physical properties. Citrus is the 

most important fruit crops in Egypt, which occupies the 

first position among fruit crops, with more than 3237157 

fed. and an average annual production of about 3438030 

tons (FAO, 2010). Washington Navel orange is one of the 

most common cultivars and has one of the best fruit 

exportation in Egypt. Improved water productivity (WP) 

using different strategies, is a key concept to solve the 

water scarcity. Hence today, efforts are being focused on 

developing not only alternative irrigation methods but also 

new water management methods in order to reduce water 

amounts while maintaining maximum tree growth, without 

significantly affecting fruits yield. 
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The objective of this study was to investigate the 

impact of irrigation regime and soil conditioners on some 

properties of sandy soil, growth, yield, quality and water 

productivity of Washington navel orange trees. 
 

MATERIALS AND METHODS 
 

The present study was carried out during 2015/2016 

and 2016/2017 seasons to investigate the impact of irrigation 

regime and soil conditioners on some properties of sandy soil, 

growth, yield, quality and water productivity of Washington 

navel orange trees (Citrus sinensis (L.) Osbeck). Washington 

Navel orange trees of 10 years old budded on Volkamer 

lemon (Citrus volkameriana L.), spaced at 4 x 6 meters (175 

trees/fed.) grown on a sandy soil under drip irrigation system 

at El-Nubaria city, Beheira Governorate, Egypt. The 

experiment is located at 30.6667 Latitude and 30.0667 

Longitude. The soil orchard is classified as sandy soil; the 

average textural analysis for this soil is 86.61% sand, 8.36% 

silt and 5.03 % clay. Some soil properties before conducting 

the experiments are presented in Table (1).  

Eighty one trees were selected as uniform as 

possible in size and load, and arranged in a randomized 

complete block design, each treatment replicated three 

times with three trees for each replicate. The experiment 

included 9 treatments were applied before the first and 

second years as follow: 

T1-    Control (Actual irrigation practiced in the orchard):  

T2-   Moderate irrigation treatment (80%from the control) + 

Hydrogel polymer at rate of 0.05 kg/tree.  

T3-   Moderate irrigation treatment + Hydrogel polymer at 

rate of 0.1 kg/tree. 

T4- Moderate irrigation treatment + organic waste compost 

at rate of 3.5 kg/tree. 

T5- Moderate irrigation treatment + organic waste compost 

at rate of 6.5 kg/tree. 

T6-   Deficit irrigation treatment (60%from the control) + 

Hydrogel polymer at rate of 0.05 kg/tree. 

T7-   Deficit irrigation treatment + Hydrogel polymer at rate 

of 0.1 kg/tree. 

T8-   Deficit irrigation treatment + organic waste compost at 

rate of 3.5 kg/tree. 

T9-   Deficit irrigation treatment) + organic waste compost 

at rate of 6.5 kg/tree. 

The irrigation treatments as full irrigation ie. full time 

(control), moderate irrigation (80%from the control) and 

deficit irrigation treatment (60%from the control) were 

controlled via the operating time and using16 emitters/tree 

(4L/hr/emitter), at two lateral JR line for each row of the trees 

with emitters spaced each 50 cm. The amount of irrigation 

water was calculated as follow: The amount of irrigation 

water = number of drippers x discharge of irrigation water 

(4L/hr) x operating time.  

Hydrogel polymer known "Barbary Plant G3" (40% 

Hydro polymer, 6.5%N, 4.8%P, 8.2%K and hold capacity at 

300-500%) produced by Lucky Star TG.,  Egypt and  organic 

waste compost named "HUNDZsoil
®
 " is a natural soil 

conditioner that is made out of 100% cellulose, shaped in 

grains, and varies in size 0.2 into 2mm (78.16% organic 

matter,1.28%N, 0.07%P, 0.11%K and hold capacity at 278-

300%) were obtained from Hundz soil Company., Egypt., 

were added once at last week of January in two trenches 

around the tree in both seasons. 

Some soil properties 

Soil samples (0-60cm, depth) were collected before 

conducting the experiment and after one and two years from 

treatments installation for analysis of some chemical soil 

properties. Salinity was determined in saturated soil paste 

extract according to Page et al. (1982). Cation exchange 

capacity (CEC) was determined using sodium and 

ammonium acetate as described by (Black, 1982). Organic 

matter (O.M.) was determined using the modified Walkly 

and Black method (Jackson, 1967). Available nitrogen was 

extracted using 2M KCl and determined by the micro–

Kjeldahl method (Cotteine et al. (1982)). Available 

phosphorus, Olsen's Sodium bicarbonate 0.5N extraction 

method was used to extract available P. Spectronic Milton 

Roy was used for analysis of (P) by the method outlined by 

Olsen, et al. (1959).  Available K Was extracted by 

ammonium acetate (NH4OAc) pH 7 as described by Black 

(1982). Physical characteristics of the studied site such as soil 

field capacity (FC) was determined at the site. permanent 

wilting point (PWP) and available water were determined 

according to James (1988) and soil bulk density were 

determined according to (Klute, 1986). Microorganisms were 

calculated as number of colonies/gram soil according to 

Saleh (2002). 
 

Table 1. Some soil properties at the initial of the experiment. 

EC 
(dSm

-1
) 

O.M.  
(%) 

CEC meq/ 
100g soil 

Bulk density 
(g/cm

3
) 

Available macronutrients (mg kg
-1

) 
N P K 

3.02 0.67 6.11 1.59 17.89 5.31 59.19 
Particle size distribution % 

Texture class 
Soil moisture characteristics % 

Clay Silt Sand Field capacity Wilting point Available water (%) 
5.02 8.36 86.61 Sandy 10.47 4.26 6.21 
 

Vegetative growth parameters:  

Four main branches, in different direction on each 

tree were labeled. All current shoots developed on these 

branches in spring were used for measuring growth 

parameters i.e. average number of shoots, shoot length and 

number of leaves. Also, canopy volume of tree was 

calculated at the beginning and the end of experiment 

according to the following equation: CV= 0.528 x H x D
2
. 

Whereas, H = tree height, D = tree diameter in (m) (Castle, 

1983) then increment of canopy volume was calculated, 

leaf area (cm
2
) was estimated using formula: Leaf area = 

2/3 x length x width (Chou, 1966). 

Fruit set and drop%: 

Four branches were chosen on each tree, one for 

each direction. During spring growth cycle they were 

labeled to carry out the following flowering and fruiting 

measurements: Initial and final fruit set% calculated by the 

following equations: 

100
flowers of No. Total

fruit setted of No. Total
  (I.F.S.) %set fruit  Initial x
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100
fruit setted of No. Total

June of endat  fruits of No.
    (F.F.S) set%fruit  Final x  

100
flowers of No. Total

june lateat  fruits of No. -fruit  setted of No. Total
  % drop June x

 
Yield: 

At harvest time (December 15
th 

in both seasons), 

average fruit weight and number/tree, yield as kg/ tree and 

yield as ton/fed. were calculated. 

Fruit quality: 

A sample of 10 healthy fruits were taken at random 

from each tree at harvest time of both seasons and prepared 

for determination physical and chemical fruit quality 

according to (A.O.A.C., 1995).  i.e. fruit weight (g), fruit 

size (cm
3
), fruit height (cm), and diameter (cm), peel 

thickness (cm), fruit juice %., Total soluble solids (TSS %) 

was determined by using hand refractometer, total acidity 

was determined as citric acid, ascorbic acid as mg/100 ml 

juice and SSC/acid ratio was calculated. 

Fruit splitting %: 

At the harvest time (15
th
 December) the number of 

fruits per trees in each treatment was counted and the 

number of splitting fruits was counted at weekly intervals 

from 15
th
 July till the time of harvesting. The percentage of 

splitted fruits was calculated as: No. of splitted fruits / 

Total No. of harvested fruits x 100 

Productivity of irrigation water (PIW, kgm
-3

) was 

calculated according to Ali et al., (2007) as follows:  

PIW = Gy/WA, where 
Gy= Fruit yield, kg fed.-1,   WA= Water applied, m3 fed.-1 

Statistical analysis: 

Data were analyzed by MSTAT computer software 

program (Bricker, 1991). The obtained data were subjected 

to analysis of variance according to Snedecor and Cochran 

(1990). Duncan's multiple range test (Duncan, 1955) at 5% 

level was used to compare the means. 

 

Table 2. Means of Air temperature C°, relative humidity% and wind speed (Km/day) as well as quantity of 

Evaporation (cm/month) and Rain (mm/mon) at El-Nubaria area during the two growing seasons. 

Months. 
Air temp C° Relative hum % W.S (Km/day) Evaporation (mm/month) Rain (mm/mon) 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

Jan. 16.3 16.5 66.8 65.5 319.1 320.5 2.3 2.5 9.5 5.5 

Feb. 16.2 15.8 66.1 65.0 376.1 377.7 2.7 3.1 36.1 40.0 

Mar. 17.7 18.1 59.6 58.7 421.6 400.0 3.5 3.5 7.1 8.0 

Apr. 20.5 22.5 58.2 58.0 364.0 365.1 4.5 5.0 3.0 4.5 

May 23.5 25.3 55.5 56.3 399.5 401.3 5.3 5.1 1.9 2.0 

Jun. 26.0 27.1 58.7 57.5 426.9 428.9 6.8 6.8 4.7 0.0 

July 27.4 27.0 62.7 65.1 415.6 412.3 6.9 6.9 0.0 0.0 

Aug. 28.6 29.9 62.9 58.9 412.6 402.7 5.4 5.6 0.0 0.0 

Sep.. 27.7 28.1 61.9 60.1 346.8 355.1 6.0 5.2 0.0 0.0 

Oct. 24.6 25.1 60.6 60.5 364.0 365.8 5.3 4.8 0.0 10.2 

Nov. 21.3 22.0 62.8 67.3 415.2 400.0 4.0 3.9 19.4 10.0 

Dec. 18.6 17.8 65.4 62.3 355.0 356.5 3.0 2.9 12.2 8.5 
 

RESULTS AND DISCUSSION 
 

Irrigation water applied: 

The amount of water applied (m
3
fed

-1
) including 

rainfall through two years of study is shown in Table (3). 

Data indicated that, the highest amount of irrigation water 

was recorded with full irrigation followed by irrigation 

regime at 80 % from control while, the lowest amount was 

recorded with irrigation regime at 60 % from full irrigation. 

The values of applied water including rainfall were 4488, 

3669 and 2851 m
3
fed.

 -1
 in the first year and 4495, 3670 and 

2846 m
3
fed.

 -1
 in the second year for full irrigation, irrigation 

regime at 80 %, and irrigation regime at 60 % from full 

irrigation, respectively.  

 

Table 3. Irrigation operating time (hr./ month) and amount of irrigation water applied (m
3
/fed.) for the different 

irrigation treatments during 2015/2016 and 2016/2017. 

Months 
Control (100%) Moderate (80%) Deficit (60%) 

2015 2016 2015 2016 2015 2016 

Jan. 18.08 18.08 14.47 14.47 10.85 10.85 

Feb. 21.00 21.00 16.80 16.80 12.60 12.60 

Mar. 25.83 25.83 20.67 20.67 15.50 15.50 

Apr. 30.00 30.00 24.00 24.00 18.00 18.00 

May. 38.75 41.33 31.00 33.07 23.25 24.80 

Jun. 40.00 40.00 32.00 32.00 24.00 24.00 

Jul. 46.50 43.92 37.20 35.13 27.90 26.35 

Aug. 38.75 38.75 31.00 31.00 23.25 23.25 

Sep. 37.50 37.50 30.00 30.00 22.50 22.50 

Oct. 31.00 31.00 24.80 24.80 18.60 18.60 

Nov. 22.50 22.50 18.00 18.00 13.50 13.50 

Dec. 15.50 18.08 12.40 14.47 9.30 10.85 

Total (hr./tree/year) 365.42 368.00 292.33 294.40 219.25 220.80 

Total irrigation water (m3/tree/year) 23.39 23.55 18.71 18.84 14.03 14.13 

Total irrigation water (m3/fed/year) 4093 4122 3274 3297 2456 2473 

Total rain m-3/fed/year 395 373 395 373 395 373 

Total irrigation water + rain (m3/fed/year) 4488 4495 3669 3670 2851 2846 
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Field capacity, wilting point and available water: 

Results in Table (4) revealed that, soil field capacity 

value was low (10.47%) and wilting point somewhat low 

(4.26%) at the initial and with full irrigation without 

conditioners application compared to conditioners 

application. Field capacity and wilting point were 

increased after application of soil conditioners (hydrogel 

polymer or organic waste compost) and varies from 11.31 

to 12.28% and 4.35 to 4.68%, respectively. The increases 

of field capacity and wilting point under the high rate of 

soil conditioners were superior under the low rate in both 

two years. Field capacity and wilting point of the soil do 

not affect by irrigation regime at 80 % or 60% from the full 

irrigation. Field capacity of the soil somewhat increased 

after the second year compared to the first year while, 

wilting point values nearly the same for both two years.  

Available water (Table 4) of sandy soil was low (6.21%) 

with full irrigation without conditioners application and the 

increase varied from 6.78 to 7.62% with an average of 

7.22% with irrigation regime combined with conditioners 

application. The increases of available water were more 

pronounced with the high rates of soil conditioners 

(hydrogel polymer or organic waste compost) comparing 

with the low rate. Available water of the soil sowed, 

somewhat decrease with irrigation regime at 60 % 

compared to 80% from the full irrigation. Also, values of 

available water nearly the same for both two years.  

In this concern, Jamnicka et al. (2013) found that, 

hydrogel is occasionally referred to “Root watering 

crystals” or “water retention granules” because it swells 

like sponges to be as several times of its original size, when 

it contacts with a water, therefore increases soil water 

holding capacity and decreases irrigation frequency. 

Aynehband et al., 2010 and Lou et al., 2011 reported that 

the return of residue to the field is a useful cultural practice 

to improve both soil fertility and soil water- holding 

capacity. 
 

Table 4. Soil moisture characteristics % after one and 

two years from the treatments application. 

 
Soil moisture characteristics % 

Treatments 

Field  
capacity 

Wilting  
point 

Available 
water )%( 

First 

year 

Second 

year 

First 

year 

Second 

year 

First 

year 

Second 

year 

T1 10.47 10.48 4.26 4.26 6.21 6.22 
T2 11.58 11.64 4.35 4.35 7.23 7.29 
T3 12.09 12.11 4.55 4.53 7.54 7.58 
T4 11.47 11.51 4.57 4.58 6.9 6.93 
T5 12.21 12.28 4.68 4.66 7.53 7.62 
T6 11.31 11.34 4.42 4.43 6.89 6.91 
T7 11.89 11.91 4.55 4.54 7.34 7.37 
T8 11.34 11.36 4.56 4.57 6.78 6.79 
T9 12.09 12.12 4.68 4.67 7.41 7.45 
 

Some soil chemical and physical properties: 

Data in Table (5) revealed that, the average value of 

soil salinity (EC, dSm
-1

) was 3.02 dSm
-1

 at the initial and 

increased to some degree after treatments application 

especially with full irrigation, which varied from 3.03 to 

3.16 dSm
-1

. Salinity of the soil increased to some degree 

after the second year than the first year. The increasing soil 

salinity after treatments application and with full irrigation 

may be due to the irrigation water salinity under drip 

irrigation system. Results also showed no obvious trend on 

soil salinity under application of soil conditioners 

(hydrogel polymer or organic waste compost).  

In general, organic matter contents (OM) and 

Cation exchange capacity (CEC meq/100g soil) values are 

low in sandy soil. Data in Table (5) showed that, OM and 

CEC values were 0.67% and 6.11 meq/100g soil, 

respectively at the initial and with full irrigation without 

conditioners. After one and two years from application of 

soil conditioners (hydrogel polymer or organic waste 

compost) OM was increased and varied from 0.77 to 0.95 

% with an average of 0.86% as well as CEC was increased 

and which ranged from 6.41 to 7.12 with an average of 

6.77 meq/100g soil. The increases of OM and CEC were 

more pronounced with the high rates of soil conditioners 

compared to the low rates. The holding capacity of 

hydrogel polymer and organic waste compost varied from 

300-500% and 278-300%, respectively. In this concern, 

Hargreaves et al., (2008) and Adugna, (2016) reported that, 

organic amendments enhance water holding capacity, soil 

cation exchange capacity and soil aeration.  OM and CEC 

of the sandy soil increased after the second year more than 

the first year. OM and CEC of the soil decreased to some 

degree under irrigation regime at 60 % compared to 80% 

from the full irrigation. In general, CEC of the soil was 

parallel to the soil organic matter results in this study. 

Data in Table (5) revealed that, mean value of soil 

bulk density was 1.59 gcm
-3

 at the initial or with full 

irrigation.  Soil bulk density was somewhat decreased after 

soil conditioners application especially with the high rates 

which, varied from 1.58 to 1.50 gcm
-3

. Soil bulk density 

decreased somewhat after the second year compared to the 

first year. The decreases of soil bulk density after 

treatments application especially after the two years may 

be due to the high contents of soil organic matter. 

However, the polymers improved the physical properties 

of poorly structured and influence the density, structure, 

compaction, texture, aggregate stability and crust hardness 

of the soil as well as the evaporation rates and microbial 

activity (John, 2011).  Results also showed no obvious 

trend on soil bulk density under irrigation regime 

treatments. 
  

Table 5. Some soil properties after one and two years 

from the treatments application. 

T
re

a
tm

en
ts

 EC 

(dSm-1) 

O.M.  

(%) 

CEC meq/ 

100g soil 

Bulk density 

(gcm-3) 

First 
year 

Second 
year 

First 
year 

Second 
year 

First 
year 

Second 
year 

First 
year 

Second 
year 

T1 3.13 3.16 0.67 0.68 6.11 6.12 1.59 1.59 
T2 3.03 3.08 0.78 0.81 6.47 6.49 1.58 1.57 
T3 3.03 3.08 0.82 0.85 6.78 6.98 1.57 1.55 
T4 3.03 3.10 0.84 0.89 6.45 6.61 1.55 1.52 
T5 3.07 3.11 0.88 0.95 6.97 7.12 1.52 1.50 
T6 3.07 3.06 0.77 0.79 6.41 6.46 1.58 156 
T7 3.07 3.07 0.84 0.82 6.75 6.87 1.57 1.56 
T8 3.03 3.08 0.84 0.86 6.42 6.57 1.56 1.53 
T9 3.05 3.09 0.88 0.92 6.81 6.97 1.52 1.51 
 

Available of nitrogen, phosphours and potassium of the 

soil:  

Available of nitrogen, phosphours and potassium 

(NPK) of the soil in Table (6) revealed low values (an 
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average of 17.88, 5.31 and 59.19 mg kg-1, respectively) at 

the initial and with full irrigation without conditioners. 

After soil conditioners application (hydrogel polymer or 

organic waste compost) available N, P and K were 

increased and varied from 18.25 to 21.95 mg kg-1 with an 

average of 20.1 mg kg-1 for N. The corresponding values 

were 5.43 to 5.84 mg kg-1 with an average of 5.64 mg kg-

1 for P and 60.62 to 68.15 mg kg-1 with an average of 

64.39 mg kg-1 for K, respectively. The high rates of soil 

conditioners were superior to the low rates in enhancing 

available macronutrients especially soil nitrogen. The 

contents of N, P and K for hydrogel polymer and organic 

waste compost were 6.5, 4.8 and 8.2% and 1.28, 0.07, 

0.11%, respectively. Available NPK content of the soil 

increased after the second year more than the first year, this 

may be due to the additional of soil conditioners and 

enhancing the root zone. Available soil macronutrients in 

almost, do not affect by irrigation regime.  
 

Table 6. Available macronutrients (mg kg
-1
) of the soil 

after one and two years from the treatments 

application. 

 
Available macronutrients (mg kg-1) 

Treatments 

N P K 

First 

year 

Second 

year 

First 

year 

Second 

year 

First 

year 

Second 

year 

T1 17.89 17.88 5.31 5.31 59.20 59.18 

T2 18.25 19.7 5.43 5.48 60.67 62.26 

T3 19.12 20.25 5.48 5.55 61.39 62.53 

T4 20.03 20.97 5.65 5.75 63.15 67.75 

T5 20.78 21.95 5.74 5.84 64.5 68.15 

T6 18.26 19.35 5.44 5.48 60.62 61.93 

T7 19.14 20.07 5.49 5.56 61.43 62.18 

T8 19.15 20.71 5.51 5.74 62.75 67.45 

T9 20.73 21.82 5.63 5.78 63.92 68.13 
 

Soil microorganisms content: 

Results illustrated in Fig. 1 indicated that soil 

microorganisms content (Colonies number of fungi, 

bacteria and yeast) were increased under soil conditioners 

application compared to control treatment. This may be 

attributed to organic amendments that improve the soil 

aeration also many organic amendments contain plant 

nutrients that act as organic fertilizers and are also energy 

sources for bacteria, fungi, and earthworms that live in the 

soil. In this line, Liu et al., (2013), Gandolfi et al., (2010), 

Bernard et al., (2012). However, the polymers improved 

the physical properties of poorly structured and influence 

the density, structure, compaction, texture, aggregate 

stability and crust hardness of the soil as well as the 

evaporation rates and microbial activity (Hüttermann et al., 

1997 and John, 2011). 

Effect of irrigation regime and soil conditioners on 

Vegetative growth parameters:  

Results in Table 7 and Fig. 2 revealed that 

moderate irrigation level + organic plant residues at rate of 

6.5 kg/tree (T5) followed by T3 significantly increased 

canopy volume of trees compared with the lowest values 

obtained with T8 in both seasons. Regarding to number of 

shoots/branch and leaf area, there was no significant 

differences observed among treatments in the first season, 

while in the second one the differences were significantly, 

however, T3 (Moderate irrigation treatment  + Hydrogel 

polymer at rate of 100g/tree) and T5(Moderate irrigation 

treatment  + organic  plant residues at rate of 6.5 kg/tree. ) 

gave the highest values in this respect compared with the 

lowest number obtained with T6. The other treatments 

gave intermediate values. The highest number of 

leaves/shoot, resulted from moderate irrigation treatment + 

hydrogel polymer at rate of 100g/tree (T3) compared with 

the lowest number obtained by (T6) in the first season. But 

in the second one all treatments increased the number of 

leaves without significant differences among them except 

of T8 and T9 which recorded the lowest number in this 

respect.  
 

 
Fig. 1. Effect of irrigation regime and soil conditioners 

on soil microorganisms content as number of 

colonies/g soil in 2016 season. 
 

The increase in the growth of trees due to organic  

plant residues and hydrogel may be due to increase in 

organic materials and availability of proper amounts of 

nutrients in the soil, on the other hand, improvement of 

water holding capacity and physical properties of the soil, , 

better absorption of irrigation water and its storage in the 

soil and so, prevent the moisture stresses which reflected 

on vegetative  growth (Sheikh et al., 2010).In addition,  

Panayiotis et al., (2004) and  Andry et al., (2009) 

confirmed the effects of superabsorbent polymers in 

density and growth of the root due to improvement in 

physical condition of the soil. This growth increase is 

caused by indirect role of amendment materials in increase 

the uptake of Nitrogen, Phosphorus and potassium by the 

plant and growth, appropriate aeration and available water. 

By increasing the water holding capacity of the soil which 

reduce water stress of plants resulting in increased growth 

and plant performance. Howevre, Tejada and Gonzalez 

(2006) stated that applying compost enhanced the root 

uptake activity of such nutrients as N, P, K, Ca and Mg. 

The root vigor reflects the growth performance of plants 

and the nutrient absorptive capacity of the roots. 

Torkashvand et al., (2017) found that treatments of 

superabsorbent and organic wastes enhanced the growth 

parameters of   olive trees, . In the same line, Arbona 

(2005) on citrus trees Pattanaaik et al.(2015) on Khasi 

mandarin trees, Barakat et al., (2015) on Grandnain 

Banana Plants and Barki et al., (2018) on olive trees. 
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Table 7. Effect of irrigation regime and soil conditioners on vegetative growth parameters, of Washington navel 

orange trees in 2015 and 2016 seasons. 

Treatments Canopy volume (m3) No. of shoots /branch Shoot length (cm) Leaf area (cm2) No. of leaves/shoot 

Season 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

T1 (Cont.) 27.49abc 30.41bc 29.42a 27.44b 9.23b 10.13b 28.90a 29.06a 6.31abc 7.43a 

T2 26.24bcd 25.75d 28.35a 26.20bc 9.12b 10.21b 26.76a 26.76ab 6.21abc 7.13a 

T3 28.41ab 33.42ab 26.66a 31.30a 10.51a 11.56a 28.36a 28.33a 7.06a 7.30a 

T4 26.18bcd 25.5d 29.43a 27.69b 9.15b 10.15b 27.39a 27.73ab 6.20abc 7.13a 

T5 29.8a 36.35a 33.04a 30.66a 10.23a 11.3a 28.75a 28.7a 6.96ab 7.96a 

T6 23.85d 23.82d 25.91a 23.95c 8.31c 9.4bc 23.90a 23.88b 5.966c 7.00ab 

T7 25.83bcd 26.45cd 27.76a 25.76bc 8.7c 9.00c 25.50a 25.50ab 6.14abc 7.16a 

T8 24.23d 24.06d 27.44a 25.47bc 8.29c 9.26bc 24.03a 24.26b 5.50c 6.00b 

T9 23.85d 26.51cd 28.96a 26.83b 8.7c 9.38bc 26.76a 26.93ab 6.11bc 7.00ab 

 

 
Fig. 2. Increment in canopy volume (m

3
/year) as affected 

by irrigation levels and water saving substances 

treatments in 2015 and 2016 seasons. 
 

Fruit set and drop%:  

Initial fruit set percentage observed in Table 8 was 

significantly higher with T3 (Moderate irrigation 

treatment + Hydrogel polymer at rate of 100g/tree.)  and 

T5 (Moderate irrigation treatment + organic plant residues 

at rate of 6.5 kg/tree) followed by T4 (Moderate irrigation 

treatment + organic plant residues at rate of 3.5 kg/tree.) 

compared to the lowest values obtained by T8 and T9.  

The maximum percentage of final fruit set were observed 

with treatments T2 (Moderate irrigation treatment 

(80%from the control) + Hydrogel polymer at rate of 

50g/tree), T3 (Moderate irrigation treatment + Hydrogel 

polymer at rate of 100g/tree) and T5   compared to control 

(T1) in both seasons. The lowest percentage of fruit drop 

resulted from T3 (5.44 and 5.61%)  and T5 (5.60 and 

5.70%)  compared to T8 (Deficit irrigation treatment  + 

organic  plant residues at rate of 3.5 kg/tree.) which 

recorded the highest  values (9.71%  ) followed by T1, T2, 

T4  and T6  in the first season, while the highest values  in 

the second season recorded with T1 ( 9.60%), T2 (8.73%), 

T4 (9.11%), T6 (7.3), T8 (9.47%). This may be due to the 

fact that the soil was wet for a longer time increasing the 

microbial activity as well as increasing fruit set and  

reducing the fruit drop due to water deficit  (Pattanaaik et 

al.,2015).The same results was obtained by El-Zawily 

(2016)  and Zaghloul  and  Moursi (2017) on Navel 

orange trees who declared  that, decreasing or increasing 

soil moisture content may subject roots to inefficient 

water which caused the increase of fruit drop % 

especially during June drop period, so to avoid that stress, 

soil must be kept fairly wet during summer months. 
 

Table 8. Effect of irrigation regime and soil 

conditioners on fruit set and June drop 

percentage of Washington navel orange trees 

in 2015 and 2016 seasons. 

Treatment 
Initial fruit set 

(%) 

Final fruit set 

(%) 

June drop  

(%) 

Season 2015 2016 2015 2016 2015 2016 

T1 (Cont.) 9.49cd 9.25bcd 1.28b 1.70a 9.4ab 9.60a 

T2 10.01bc 10.00b 2.23a 2.43a 8.81ab 8.73a 

T3 11.20a 11.14a 2.43a 2.43a 5.44d 5.60c 

T4 10.22b 9.78bc 2.05ab 2.2a 9.07ab 9.11a 

T5 11.31a 11.18a 2.38a 2.43a 5.61d 5.70c 

T6 8.03f 8.46de 1.73ab 1.73a 8.37ab 8.75a 

T7 8.95de 9.0cde 1.84ab 1.82a 6.8cd 6.73b 

T8 8.08f 8.16e 1.91ab 1.90a 9.71a 9.47a 

T9 8.78e 8.39de 1.90ab 1.89a 8.02bc 9.17a 
 

Yield and its components: 

Results in Table 9 showed that there were 

insignificant differences among treatments in both 

seasons. Among all the treatments, T3 and T5 were 

found to be the best with respect to yield which was 

significantly higher than other treatments. Significant 

yield was recorded as 311.3 and 295.5 number of fruits 

for the treatment T3 and 304.96 and 297 for the 

treatment T5. However, the highest yield as kg/tree was 

obtained by T3 (78.8 and 78.47 kg/tree) and T5 (80.3 and 

79.06 kg/tree) followed by T1 (70.28 and 70.51kg/tree) 

compared with the other treatments in both seasons, 

respectively. Concerning yield as ton/fed, results 

showed the same trend as that observed for yield as 

kg/tree. Hydrogel and organic waste compost has no 

direct nutritional roles, increase in yield of the plant is 

due to improvement in physical condition of the soil. 

increase uptake of Nitrogen, Phosphorus and Potassium 

by the plant through increasing the water holding 

capacity of the soil (Panayiotis et al., (2004), this 

increase in the growth reflected on productivity of trees. 

The results are in line with those of Pattanaaik et al., 

(2015) on Khasi mandarin, who found that, Significant 

yield per tree was recorded for the treatment (60 g of 

hydrogel/tree) compared with untreated ones, 

Torkashvand et al., (2017) found that different media 

containing artificial and natural super-absorbents(10 g 

per kg soil of zeolite and the substrate including 20% 

vermicompost + 15% rice wastes + 15% manure + 50% 

soil) had the best yield of olive trees and can modify the 

effect of 10 day irrigation interval compared to the 5 

day. Abd El-Rhman and Mohamed (2015) study the 

effect of soil with addition of hydrogel polymer at 0, 

0

2

4

6

8

10

12

14

T1 Cont. T2 T3 T4 T5 T6 T7 T8 T9

I.
C

.V
(m

3
/y

e
ar

 

Treatments 

2015/16
Season



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 10 (4), April, 2019 

239 

100, 150 and 200 g/tree on yield of Egazy olive trees. 

The obtained results cleared that the yield was increased 

with hydrogel treatments especially at 200g/tree 

compared with control under water stress conditions.  
 

Table 9. Effect of irrigation regime and soil conditioners on yield and its components of Washington navel orange 

trees in 2015 and 2016 seasons. 

Treatments 
Fruit weight (g) No. of fruit/tree Kg/tree Ton/fed. 

2015 2016 2015 2016 2015 2016 2015 2016 

T1 (Cont.) 276.72a 278.96a 254.06b 252.76b 70.28b 70.51ab 12.30b 12.34ab 
T2 261.63a 270.72a 252.43b 252.4b 66.03bc 68.33bc 11.55bc 11.96bc 
T3 253.73a 265.48a 311.3a 295.53a 78.8a 78.47a 13.79a 13.73a 
T4 260.96a 268.07a 252.4b 254.66b 65.85bc 68.20b 11.52bc 11.94bc 
T5 263.9a 266.11a 304.96a 297.0a 80.36a 79.06a 14.06a 13.84a 
T6 274.4a 279.80a 223.6c 222.96c 61.36c 62.26bc 10.74c 10.89bc 
T7 257.4a 262.17a 250.43b 246.7b 64.46bc 64.7bc 11.28bc 11.32bc 
T8 274.7a 274.11a 221.56c 221.8c 60.76c 60.66c 10.63c 10.61c 
T9 254.96a 268.95a 246.16b 244.06b 62.73c 65.66bc 10.97c 11.49bc 
 

As for chemical fruit quality the present results of 

fruits TSS % in Table 11 showed that in general, there 

were insignificant differences among treatments in the first 

season, but in the second one the highest values of TSS % 

were in the treatment of T4, T6,T7 and T8  compared to the 

other treatments. Data of acidity% in fruits (Table 11) 

revealed that the studied treatments T7 and T9 increased the 

acidity of fruit juice in the first season, while T8 and T9 

gave the highest values in this respect compared with 

control and other treatments.  Data of TSS/acid ratio in 

fruits was recorded in Table 11. Control treatment gave the 

highest level of TSS / acid ratio (17.06 and 15.76) 

compared with the other treatments in both seasons, 

respectively. Data of Vitamin C content in fruit juice 

(Table 11) showed that most of the tested treatments 

maintained the higher concentration of vitamin C in fruit 

juice than the control (T1) during 2015 and 2016 seasons. 

The best treatment in this respect was T8 (Deficit irrigation 

treatment + organic plant residues at rate of 3.5 kg/tree) 

which gave the highest level of vitamin C (54.00 and 

53.11mg) compared with the other treatments in both 

seasons. From the previously mentioned results, it could be 

concluded that application of hydrogel and organic waste 

compost enhanced fruit chemical and physical properties 

due to the fact that the soil was wet for a long time, 

microbial activity and availability of nutrient increased. 

These results are in line with those of Pattanaaik et al., 

(2015) on Khasi mandarin, Torkashvand et al., (2017), 

Abd El-Rhman and Mohamed (2015) on olive trees. 

However, Barakat et al., (2015) on Grandnain Banana 

plants. 

 

Table 10. Effect of irrigation regime and soil conditioners on physical fruit quality of Washington navel orange 

fruits in 2015 and 2016 seasons. 
Treatments Fruit dimensions Juice weight  

% 
Peel thickness  

(cm) 
Season 

Fruit diameter (g) Fruit height (cm) Fruit shape D/H 

2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 

T1 (Cont.) 9.48a 8.83ab 8.79ab 8.96a 1.08a 0.98abc 30.34ab 30.20ab 4.56b 4.56b 
T2 7.91bc 8.56abc 8.49abc 8.90a 0.93b 0.95bc 28.32ab 28.30abc 5.46a 5.33ab 
T3 8.00bc 8.26c 8.84a 8.58a 0.90b 0.96bc 31.25a 31.05ab 5.16ab 5.40ab 
T4 7.83c 8.50bc 8.51abc 9.07a 0.91b 0.92c 26.89ab 29.08abc 5.43a 5.43ab 
T5 8.00bc 8.56abc 8.88a 8.70a 0.90b 0.98abc 31.28a 31.7a 5.33a 5.33ab 
T6 8.20bc 9.13a 7.81c 8.64a 1.07a 1.05a 27.7ab 27.46bc 5.90a 5.76a 
T7 8.11bc 8.70abc 8.17abc 8.77a 0.99ab 0.99abc 28.32ab 28.57abc 5.66a 5.56a 
T8 8.56b 9.06ab 7.91bc 9.07a 1.08a 1.03ab 25.78b 25.51c 5.66a 6.00a 
T9 8.16bc 8.68abc 8.07abc 9.03a 1.01ab 0.96bc 27.47ab 27.43bc 5.66a 5.66a 
 

Table 11. Effect of irrigation regime and soil conditioners on chemical fruit quality of Washington navel orange 

fruits in 2015 and 2016 seasons. 
Treatments TSS % Acidity % TSS /acid ratio Vitamin C (mg ascorbic acid/100 ml fresh juice) 

Season 2015 2016 2015 2016 2015 2016 2015 2016 

T1 (Cont.) 11.26a 11.30b 0.66c 0.71e 17.06a 15.76a 47.53bc 48.83abc 
T2 11.33a 11.40ab 0.94b 0.86d 12.93b 13.40b 45.86bc 48.33abc 
T3 11.50a 11.55ab 0.93b 0.91cd 12.93b 12.6bc 45.83bc 47.20bc 
T4 12.03a 12.16a 0.93b 0.89d 13.1b 13.70b 43.73c 45.23c 
T5 11.86a 11.93ab 0.95ab 0.97bcd 12.53b 12.23bc 43.60c 45.56c 
T6 12.33a 12.36a 1.08ab 1.03abc 11.46b 12.00bc 45bc 47.23bc 
T7 12.40a 12.41a 1.15a 1.06ab 10.76b 11.70bc 44.96bc 49.30abc 
T8 12.30a 12.33a 1.11ab 1.11a 11.13b 11.06c 54.00a 53.11a 
T9 12.10a 12.13ab 1.15a 1.10ab 10.53b 11.00c 50.96ab 51.55ab 
 

Fruit splitting % 

With regard to the effect of irrigation levels and some 

water saving substances treatments on fruit splitting %, the 

results in Fig. 3 illustrated  that  the highest percentage of fruit  

splitting % (11.11 and 10%) and (10.06 and 9.91%)  was 

observed in the treatment of T8 (  Deficit irrigation treatment  

+ organic  plant residues at rate of 3.5 kg/tree ) and T9  

( Deficit irrigation treatment + organic  plant residues at rate 

of 6.5 kg/tree ), while  the lowest percentage of fruit splitting 

(6.83 and 6.33%) and (6.9 and 5.14%) coated with T3 



Zoghdan, M. G. and M. M. S. Abo El-Enien  

240 

(Moderate irrigation treatment  + Hydrogel polymer at rate of 

100g/tree ) and T5 (Moderate irrigation treatment  + organic  

plant residues at rate of 6.5 kg/tree) in both seasons .In 

addition, Fig.3 showed  the effect treatments on  decrease (-)  

or  increase(+)  of  fruit splitting % over the control (0),  all 

treatments of T2, T3, T4, T5, T6 and T7 decreased (-) fruit 

splitting over the control  compared with T8 and T9  which 

increase fruit splitting (+) over control in both seasons. The 

best treatment in decreasing (-) fruit splitting over the control 

was T5 which recorded 32-44% over the control.  

Generally, the fruit splitting is mostly likely to 

occur shortly before maturity, when rains or irrigation 

follow a period of drought. Chandra (1988) observed that 

due to sudden increase in water content of soil and 

atmospheric humidity after long dry spell, the tissues of 

fruit skin of lemon did not cope with the rapid increase of 

the fruit internal tissues, resulting in the bursting of the 

skin. Gao-Feifei et al (1994) observed that water stress 

caused fruit cracking in citrus.  Li and Hunag (1995) 

reported that drought conditions reduce calcium uptake and 

increase fruit cracking in litchi. Huang et al (2000) 

observed that water stress during fruit development has 

been linked to lower rind Ca levels, and in turn has been 

associated with increased incidences of albedo breakdown.  

From the previously mentioned results, it could be 

concluded that application of hydrogel and organic waste 

compost treatments decreased fruit splitting percentage 

through optimization of soil moisture by increasing soil 

holding capacity. These results are in accordance with 

those reported by The same results was obtained by 

Rubino et al., (2004) Abo El-Enin (2012), El-Zawily 

(2016),  Zaghloul  and  Moursi (2017) on Navel orange 

trees, who showed that,  soil must be kept fairly wet during 

summer months to avoid that disorders in fruits(creasing, 

splitting, and scald) which associated with water shortage 

and water irrigation quality. 
 

            
Fig. 3. Effect of irrigation regime and soil conditioners on fruit splitting % of Washington navel orange tress 

during 2015 and 2016 seasons.  
 

Productivity of irrigation water (PIW, kg m
-3
)  

Results in Fig (4) revealed that, the lowest values of 

PIW for Washington navel orange (2.74 and 2.75 kg m
-3

 

for the first and second years, respectively) were obtained 

with full irrigation. This is due to the high amount of 

irrigation water with full irrigation. Irrigation regime at 80 

%, were recorded high values of PIW (varied from 3.14 to 

3.83 kg m
-3

) while, the highest values (varied from 3.73 to 

4.04 kg m
-3
) were recorded with irrigation regime at 60 %, 

in both years.  Results indicate that, productivity of 

irrigation water (kg m
-3

) are more pronounced with the 

high rates of soil conditioners (hydrogel polymer or 

organic waste compost) compared to the low rates. On 

citrus trees showed the application of organic plant 

residues under low water use system increased soil 

moisture which reflected to increasing the water holding 

capacity and water use efficiency (Lobo et al., 2006). In 

addition, Chehab et al., (2017) on olive trees who found 

that, the application of hydrogel in the root zone of olive 

trees significantly increased water use efficiency. 
  

     
 

Fig. 4. Productivity of irrigation water (PIW, Kgm
-3

) for both years of Washington navel orange with different 

treatments 
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CONCLUSION 
 

Based on the results obtained from this study, and 

in order to enhance the properties and water holding 

capacity of sandy soil, it should be applied the soil 

conditioners to this soil. Soil conditioners application can 

be reduced of water and agrochemicals losses and increase 

water irrigation efficiency in sandy soil. The application of 

soil conditioners led to enhance growth, yield, quality and 

water productivity of Washington navel orange trees under 

drip irrigation system in sandy soil. 
 

REFERENCES 
 

A.O.A.C. (1995). Association of official analytical 

chemists. Official Methods of Analysis. 15th Ed. 

Washington D.C., USA. 

Abd El-Rhman, I. E and S. A. Mohamed 

(2015).Enhancing olive trees growth and 

productivity by using hydrogel and potassium 

humate under rain-fed condition in northern 

western coastal zone. Egyptian J. Desert Res., 67 

(1): 137-151. 

Abo El-Enin, M.M.S. (2012). Improvement of Washington 

navel orange fruit quality using water regimes and 

GA3, potassium and calcium foliar applications. 

Ph.D. Thesis, Fac. Agric., Kafrelsheikh Univ., 

Egypt. 

Adugna, G. (2016). A review on impact of compost on soil 

properties, water use and crop productivity. 

Academic Research J. of Agric. Science and 

Research, 4(3): 93-104. 

Alcamo, J.; T.  Henrichs and T. Rosch (2000). World water 

in 2025. Global modeling and scenario analysis for 

the world commission on water for the 21th 

century. Report A0002, University of Kassel, Kurt 

Woliters Strasse3, 34109 Kassel, Germany: Center 

for environmental system Research.  

Ali, M.H.; M.R. Hoque; A.A. Hassan and A. Khair 

(2007).Effect of deficit irrigation on yield water 

productivity, and economic returns of wheat. 

Agricultural Water Management, 92(3): 151-161. 

Allahdadi, E. (2003). Study the effect on superabsorbent 

hydrogels application in reducing the moisture 

stress of plant. Proceedings of the 2nd Educational 

Course for Agricultural and Industrial Application 

of Superabsorbent Hydrogels. Tehran, Iran, pp. 33-

55. 

Andry, H; T. Yamamoto ; T. Irie; S. Moritani; M. Inoue  

and  H. Fujiyama (2009) Water retention, hydraulic 

conductivity of hydrophilic polymers in sandy soil 

as affected by temperature and water quality. 

Journal of Hydrology 373: 177–183. 

Arbona,  V; D. J. Iglesias; J. Jacas; E. Primo-Millo; M. Talon 

and  A. G´omez-Cadenas (2005). Hydrogel substrate 

amendment alleviates drought effects on young citrus 

plants. Plant and Soil (2005) 270: 73–82. 

Aynehband, A.; M. Tehrani and  D.A. Nabati (2010). 

Effects of residue management and N-splitting 

methods on yield and biological and chemical 

characters of canola ecosystem. J of Food, Agri. 

and Envir. 8 (2), 317-324. 

Barakat,  M.R;S. El-Kosary; T.I. Borham and M.H. Abd-

ElNafea (2015). Effect of hydrogel soil addition 

under different irrigation levels on Grandnain 

Banana plants. Journal of Horticultural Science & 

Ornamental Plants 7 (1): 19-28 

Barki,N; H. Chehab;  F. Aissaoui;  O. Dabbaghi; F. Attia; 

Z. Mahjoub; S. Laamari; B. Chihaoui; T. Giudice; 

A. Jemai ;  D. Boujnah and  B. Mechri (2018) 

Effects of mycorrhizal fungi inoculation and soil 

amendments  with hydrogel on leaf anatomy, 

growth and physiology performance of olive 

plantlets under two contrasting water regime. Acta 

Physiologiae Plantarum 40, 116-126. 

Bernard, E.; R.P. Larkin; S. Tavantzis; M.S. Erich; A. 

Alyokhin; G. Sewell; A. Lannan and S.D. Gross 

(2012). Compost, rapeseed rotation, and biocontrol 

agents significantly impact soil microbial 

communities in organic and conventional potato 

production systems. Applied Soil Ecology. 52, 29-

41. 

Black, C.A. (1982). Methods of soil analysis. Am. Soc. 

Agron. Inc. Medison, Wisconsin, USA.  

Bricker, B. (1991) MSTAT: A micro computer program 

from the design management and analysis of 

agronomic research experiments. Michigan State  

Castle, W. (1983). Growth, yield and cold hardiness of 

seven year old „Bearss‟ lemon on twenty seven 

rootstocks. Proc. Florida Sta. Hort. Soc. 96: 23-25. 

Chandra, M. (1988) Studies on fruit cracking in lemon 

(Citrus limon). M.Sc. Thesis , G.B. Pant University 

of Agriculture and Technology, Pantnagar. Univ., 

USA. 

Chehabl,H.; M. Jemaic; M. Guiaaa; Z. Mahjouba; D. 

Boujnaha; S. Laamaria;B. Chihaouia; H. Zakhamad; 

M. Hammamib and  T. Giudiceea   (2017).Effect of 

the super absorbent polymer stockosorb® on leaf 

turgor pressure, tree performance and oil quality of 

olive trees cv. Chemlali grown under field conditions 

in an arid region of Tunisia. Agricultural Water 

Management 192, 221–231.   

Chou, G.J. (1966). A new method of measuring the leaf 

area of citrus trees. Acta. Hort. Sin., 5: 17-20. 

Cotteine, A.; P.M. Verloo; L. Kiekens; G Velghe and R. 

Camerlynck (1982).Chemical Analysis of Plants 

and Soils. Lab. Anal. andAgrochem. State Univ., 

Gent. Belgium, Chapter 2 and 3, pp 14-54. 

Curtis ,M.J and  V.P. Claassen (2005). Compost 

incorporation increases plant available water in a 

drastically disturbed serpentine soil. Soil Sci. 170, 

939-953. 

Duncan, B.D. (1955). Multiple range and multiple F-test . 

Biometrics, J. 11:1-42. 

El-Hady, O. A. and C. Y. El-Dewiny (2006). The 

conditioning effect of composts (natural) or/and 

acrylamide hydrogels (synthesized) on a sandy 

calcareous soil 1. Growth response, nutrients 

uptake and water and fertilizers use efficiency by 

tomato plants. J. Appl. Sci. Res., 2(11):890-898. 

 

 



Zoghdan, M. G. and M. M. S. Abo El-Enien  

242 

El-Quosy, D.(1998).The challenge for water in the twenty 

first century. The Egyptian Experience.Arab-water, 

98-Ministry of Water Resources and Irrigation 

(MWRI) April 26-28, Cairo, Egypt. 

El-Zawily, H (2016). Evaluation the Effect of Different 

Kinds of Fertilizers on Soil Properties, Vegetative 

Growth, Yield and Fruit Quality of "Washington 

Navel" Orange Trees Under Different Irrigation 

Levels in Sandy Soil. Ph.D. Thesis, Fac. Agric., 

Kafrelsheikh Univ., Egypt. 

Eneji, A.E.; R. Islam.; P. An and  U.C. Amalu (2013). 

Nitrate retention and physiological adjustment of 

maize to soil amendment with superabsorbent 

polymers. Journal of Cleaner Production 52:474-

480. 

Ezzat, A. S.; A. A. El-Awady and H. M. I. Ahmed (2011). 

Improving nitrogen utilization efficiency by potato 

(Solanum tuberosum L.). Effect of irrigation 

intervals, nitrogen rates and hydrogel on growth, 

yield, quality and nutrient uptake. Nature and Sci., 

9(7):34-41. 

FAO (2010). Food and agriculture organization of the UN 

regional office for Africa, ACCRH. RAF 

Publication, 2016/01. 

Gandolfi, I.; M.Sicolo; A. Franzetti; E. Fontanarosa; A. 

Santagostino and  G. Bestetti (2010). Influence of 

compost amendment on microbial community and 

ecotoxicity of hydrocarbon-contaminated soils. 

Bioresource Technology. 101, 568-575. 

Gao-Feifei, H; H. Uıbai and X. Jiankat (1994) An 

investigation on the cause of fruit-crack in 

“Hangijung” orange. J South China Agric 15:34–

39. 

Hargreaves, J.C., Adl, M.S. and Warman, P.R. (2008). A 

review of the use of composted municipal solid 

waste in agriculture. Agric. Ecosyst. Environ. 123: 

1-14. 

Huang, X. M; H. B. Huang and F. F. Gao (2000) The 

growth potential generated in citrus fruit under 

water stress and its relevant mechanisms. Scientia 

Hort 83:227–240. 

Hüttermann, A.; M. Zommorodi and  S. Wang (1997). The 

use of hydrogels for afforestations of difficult 

stands: Water and salt stress. Affoerestation in 

semi-arid regions-findings and perspectives, 

proceedings. International Symposium in the 

People's Republic of China, 167-174. 

Jackson, M.L. (1967). Soil chemical and analysis. Prentice 

Hall of India, New Delhi. 

James, L.G.(1988).Principles of farm irrigation system 

design. John Willey and Sons Inc., New York, PP 

543. 

Jamnicka, G.; L.D. Ditmarova.; J. Kurjak.; E. Kmet.; M. 

Psidova.; D. Mackova and K. Gomory (2013). The 

soil hydrogel improved photosynthetic performance 

of beech seedlings treated under drought. Plant Soil 

Environ., 59 (10): 446-451. 

John, G.F. (2011). Towards improved application of super-

absorbent polymers in agriculture and hydrology: A 

cross-disciplinary approach. Master thesis of 

science. Graduate Faculty of Auburn University, 

Alabama. 

Khoshnevis, N. (2003). Application of the superabsorbent 

hydrogel for suitable irrigation in landscape and 

cultured frosts around sites. Proceedings of the 2
nd

 

Educational Course for Agricultural and Industrial 

Application of Superabsorbent Hydrogels. Tehran, 

Iran. 

Klute, A.C. (1986). Water retention: Laboratory Methods. 

In : A. klute (ed.) Methods of soil analysis, part 7, 

2nd   (ed.) Argon Monogr. 9, ASA. Madison, W1 

USA, pp. 635-660. 

Li, J. G; and H. B. Hunag (1995) Physico-chemical 

properties and peel morphology in relation to fruit-

cracking susceptibility in litchi fruit. J South China 

Agric Uni 16:84–89. 

Liu, C. H.; Y. Liu; C. Fan and S. Z. Kuang (2013). The 

effects of composted pineapple residue return on 

soil properties and the growth and yield of 

pineapple. Journal of Soil Science and Plant 

Nutrition, 13 (2): 433-444. 

Lobo, D; D. Torres; D. Gabriels; N.  Rodríguez and  D. 

Rivero (2006) Effect of organic  plant residues and 

a water absorbent polymeric soil conditioner 

(hydrogel) on the water use efficiency in a 

Capsicum annum (green pepper) cultivation  

Proceeding of Agro Environ PP453-459. 

Lou, Y.L.; M. G. Xu.; W. Wang., X.L. Sun and K.Zhao 

(2011). Return rate of straw residue affects soil 

organic C sequestration by chemical fertilization. 

Soil and Tillage Research. 113, 70-73. 

Mylavarapu, R.S and G.M.Zinati (2009). Improvement of 

soil properties using compost for optimum parsley 

production in sandy soils. Sci. Hortic. 120, 426-

430. 

Olsen, S.R.; Cale, C.V.; Watanabel, F.S. and Dean, L.A. 

(1959). Estimation of available phosphorus in soil 

by extraction with sodium bicarbonate. USDA, 

Circ., 939.  

Page, A.L., R.H. Miller and D.R. Keeney, 1982.Methods 

of Soil Analysis. Part П: Chemical and 

microbiological properties, 2
nd

 ed. Soil Sci. Soc. 

Am. Inc., Madison, USA. 

Panayiotis, A.; K. Nektarios; A.E. Nikolopoulou; and I. 

Chronopulos (2004). Sod establishment and turf 

grass growth as affected by urea-formaldehyde 

resin foam soil amendment. Sci. Hort., 100: 203-

213. 

Pattanaaik, S. K; L. Wangchu; B. Singh; B. N. Hazarika; S. 

M. Singh and A. K. Pandey (2015). Effect of 

hydrogel on water and nutrient management of 

Citrus reticulate. Res. on Crops 16 (1) : 98-103. 

Rubino, P., A. Caliandro and F. Intrigliolo (2004). 

Irrigation of citrus. Rivista-di-frutticoltura-e-di or to 

floricoluta, 66 (3): 46-58. 

Saleh, M.M. (2002). Biological control of some soil 

disease on Corn. M.Sc. Fac. Agric. Kafr El-sheikh. 

Tanta University, PP 27. 

Sheikh Moradi, F.; A. Arji; A. Esmaeeli; A. Abdousi 

(2010). Study of the effect of irrigation interval and 

superabsorbent polymer on some qualitative 

properties of sports turf. J. Hort. Sci., 25(2): 170-

177. 



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 10 (4), April, 2019 

243 

Snedecor, G.W. and W.G. Cochran (1990). Statistical 

methods. 7th Ed. Iowa State Univ. Press. Ames., 

Iowa, USA, p. 593. 

Tejada, M and  J.L. Gonzalez (2006). Crushed cotton gin 

compost on soil biological properties and rice yield. 

European Journal of Agronomy. 25, 22-29. 

Tejada, M.; M. T. Hernandez and C. Garcia (2009). Soil 

restoration using composted plant residues: Effects 

on soil properties. Soil and Till. Res. 102, 109-117. 

Todorov,  D.; V. Alexieva and  E. Karanov (1998). Effect 

of putrescine, 4-PU30, and abscisic acid on maize 

plants grown under normal, drought, and 

rewatering conditions. Plant Growth Regulator. 

17:197-203. 

Tongo, A.; M. Ali and S. Ehsan (2014). Effect of 

superabsorbent polymer aquasorb on chlorophyll, 

antioxidant enzymes and some growth 

characteristics of Acacia victoriae seedlings under 

drought Stress. Ecopersia, 2 (2). 

Torkashvand, A. ; H.R. Shahin and  M. Mohammadi 

(2017). Growth of olive saplings in different media 

containing artificial and natural super-absorbents at 

two irrigation intervals. Global J. Environ. Sci. 

Manage., 3(3): 311-322. 

Yazdani, F.; I. Allahdadi and G.A. Akbari (2007). Impact 

of superabsorbent polymer on yield and growth 

analysis of soybean (Glycine max L.) under drought 

stress condition. Pakistan J. of Biolog. Sci., 10 (23): 

4190-4196. 

Zaghloul A. E and  E. A. Moursi (2107). Effect of 

irrigation scheduling under some bio-stimulants 

foliar application for navel orange trees on some 

water relations, productivity, fruit quality and 

storability in the North Nile Delta Region. 

Alexandria Science Exchange Journal, 38 (4):671-

682. 

 

 

 البرحقبل ابىسرة اشجبر واالرض الرمليت  صفبث لى اسلىة الري ومحسنبث الخربت عحأثير 
 مدحج جببر طلحت زغدان

1
 محمد محمد سعد أبى العينيه و 

2
 

1
 مصر -الجيسة -مركس البحىد السراعيت - ئتياألراضى والميبه والبمعهد بحىد  
2
 مصر  –الجيسة  -مركس البحىد السراعيت -معهد بحىد البسبحيه -فسم بحىد المىالح 

  
َظًشا نًحذودَت يىاسد انًُاِ ، فمذ أصبح يٍ انعشوسٌ دساست أفعم انطشق نخمهُم اسخخذاو يُاِ انشٌ، وصَادة كفاءة اسخخذاو انًُاِ، 

فٍ   2016و  2015وححسٍُ ًَى األشداس وانحفاظ عهً إَخاج يحصىل انًىانح فٍ ظم هزِ انظشوف. نزنك أخشَج حدشبت حمهُت خالل عايٍ 

% يٍ انشٌ انكايم 80انشٌ انكايم و ت انُىباسَت بًحافظت انبحُشة يصش. و رنك نذساست حأثُش ثالثت يسخىَاث يٍ يُاِ انشٌ )ًذَُبيضسعت خاصت 

كدى  6.5و  3.5خى / شدشة أو بماَا  انُباحاث انععىَت بًعذل  100و  50انهُذسوخُم بًعذل  وبعط يحسُاث انخشبت )( % يٍ انشٌ انكايم60و

 .شداس انبشحمال ابى سشة  ححج َظاو انشٌ بانخُمُػ ِ الُاواندىدة وإَخاخُت وحذة انًانًُى واإلَخاج ت وُصفاث االسض انشيه عهً( / شدشة 

نً ححسٍُ صفاث انخشبت انشيهُت وكزنك َشاغ انكائُاث انحُت انذلُمت وانعُاصش انغزائُت انكبشي إدي أإظافت يحسُاث انخشبت اٌ :وأوظحج انُخائح 

%(، انًاء انًُسش 4.26%(، َمطت انضبىل )10.47لم يٍ انسعت انحمهُت )انًعذالث انعانُت يٍ انًحسُاث. حُث وخذ اٌ انمُى األ خصىصاً يع

 6.78%(، )4.68انً  4.35%(، )12.28انً  11.31إظافت يحسُاث نهخشبت، بًُُا انمُى انعانُت ) ٌحصم عهُها يع انشٌ انكايم بذوح%( 6.21)

% يٍ انشٌ انكايم يع إظافت يحسُاث انخشبت. واَعاً إظافت يحسُاث 60و 80ىانٍ ححممج َخُدت انخفاعم بٍُ َمص انًباة انً ( عهً انخ7.62انً 

%( وانًادة 15.14%( وانبىحاسُىو ) حخً 9.98%( وانفىسفىس ) )حخً 22.76انخشبت يع َمص انشي ادث انً صَادة انُُخشوخٍُ انًُسش )حخً 

%( ورنك 5.66%( بًُُا حُالصج انكثافت انظاهشَت )حخً 4.64%( وانًهىحت)حخً 16.53انسعت انخبادنُت )حخً %( و 41.79انععىَت )حخً 

( T5كدى / شدشة ) 6.5% يٍ انكُخشول( + بماَا انُباحاث انععىَت بًعذل 80أٌ يعايهت انشٌ انًعخذل)يماسَت بانشٌ انكايم بذوٌ إظافت يحسُاث.

( ادث  إنً صَادة يعظى لُاساث انًُى انخعشٌ و أعهً َسبت عمذ  نهثًاس وألم َسبت حسالػ  اَعا T3شدشة )خى /  100أو انهُذسوخُم بًعذل 

ادث يعايهت . كدى / شدشة(79 .6و  87.6٪( واعهً يحصىل نهشدشة )5.87و  6.58الم  َسبت نخشمك انثًاس ) T5و  T3سدهج انًعايهت   حُث 

اعهً انمُى بانُسبت نصفاث انثًاس انكًُُائُت.  T9و  T8ٍ خىدة انثًاس انطبُعُت فً حٍُ  سدهج انًعايهت   إنً ححسُ T5و  T3( حهُها T1انكُخشول   )

ىخشاو نهًخش انًكعب يٍ هكُ 2.75ع انشٌ انكايم بذوٌ إظافت يحسُاث كاَج يُخفعت )ييخىسػ اَخاخُت وحذة يُاِ انشٌ الشداس انبشحمال ابىسشة 

كدى/و 3.88و  3.49%  يٍ انكُخشول حممج لُى اعهً الَخاخُت يُاِ انشٌ )60% و80انًُاِ( بًُُا َمص انًُاِ انً 
3

عهً انخىانٍ. واَعاً اشاسث  (

   .صَادة اَخاخُت وحذة يُاِ انشٌ الشداس انبشحمال ابىسشة يع صَادة يعذالث انًىاد انًحسُت نهخشبت انُخائح انً


